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Intel microprocessors and peripherals provide a complete so- 
lution in increasingly complex application environments. Quite 
often, a single peripheral device will replace anywhere from 
20 to 100 TTL devices (and the associated design time that 
goes with them). 


Built-in functions and standard Intel microprocessor/periph- 
eral interface deliver very real time and performance advan- 
tages to the designer of microprocessor-based systems. 


When you can purchase an off-the-shelf solution that replaces 
a number of discrete devices, you're also replacing all the de- 
sign, testing, and debug time that goes with them. 


At Intel, the rate of failure for devices is carefully tracked. 
Highest reliability is a tangible goal that translates to higher 
reliability for your product, reduced downtime, and reduced 


repair costs. And as more and more functions are integrated 
on a single VLSI device, the resulting system requires less 
power, produces less heat, and requires fewer mechanical con- 
nections - 
again resulting in greater system reliability. 


By minimizing design time, increasing reliability, and replac- 
ing numerous parts, microprocessor and peripheral solutions 
can contribute dramatically to lower product costs. 


Intel microprocessors and peripherals provide the highest sys- 
tem performance for the demands of today's (and tomorrow's) 
microprocessor-based applications. For example, the Inte1386/ 
i486,. Microprocessor Family offers 32-bit performance for 
multitasking, 
multiuser systems. Intel's peripheral products 


have been designed with the future in mind. They support all 
of Intel's 8, 16 and 32-bit processors. 


The Intel microprocessor and peripherals family provides 
a broad range of time-saving, high performance solutions. 
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the following 
PC/ AT 
• 146818A-Compatible 
Real Time Clock 
Peripheral 
Chips: 
(RTC) 
16C450 UART 
- COM1: 
• 16 Bytes of Additional 
Standby 
RAM 
16C450 UART 
- COM2: 
(66 Bytes Total) 
Parallel Printer Port 
- LPT1: 
Keyboard/Mouse 
Ctrl. 
- KBD 
• IDE Bus Control 
Signals Included 
(Two 


Real Time Clock 
External 
74LS245 
and One 74LS244-or 
• Serial Ports Fully 16C450 Compatible 
Equivalent-Buffers 
are Required) 


Bidirectional 
Line Printer Port 
• Seven Battery-Backed 
Programmable • 
• 
Chip Select 
Registers 
for Auto 
• Software 
Control 
of PS/2*·Compatible 
Configuration 
Enhancements 
(LPT Port, Mouse) 
• Preprogrammed 
Default 
Chip Selects 
• CMOS Direct Drive of Centronics-Type 
• Programmable 
Wait State Generation 
Parallel 
Interface 


PC/ AT-or 
PS/2-Compatible 
Keyboard 
• 5 /LA Standby 
Current 
for RTC, RAM, 
• 
and Chip Select 
Registers 
and Mouse Controller 
• Single 
128-Pin Plastic Quad Flatpack 


The 82341 Peripheral 
Combo chip replaces 
with a single 128-pin chip, several of the commonly 
used peripher- 


als found 
in PC/ AT-compatible 
computers. 
This chip when 
used with the Intel PC/ AT-compatible 
chip 
set 
allows 
designers 
to implement 
a very cost effective, 
minimum 
chip count 
motherboard 
containing 
functions 


that are common 
to virtually 
all PCs. 


The on-chip 
UARTs are completely 
software 
compatible 
with the 16C450 Asynchronous 
Communication 
Ele- 


ment. 


The 
bidirectional 
parallel 
port 
provides 
a PS/2 
software 
compatible 
interface 
between 
a Centronics-type 
printer and the 82341. 
Direct drive is provided 
so that all that is necessary 
to interface 
to the line printer port is 


a resistor-capacitor 
network. 
The bidirectional 
feature 
(option) 
is software 
programmable 
for backwards 
PC/ 


AT-compatibility. 


The keyboard/mouse 
controller 
is selectable 
as PC/AT-or 
PS/2-compatible. 


The Real Time Clock is 146818A-compatible 
and offers 
a standby 
current 
drain of 5 /LA at 3.0V. 


Part 
Package 
Number 


82341 
128-Pin 
Plastic Quad Flatpack 


16C450 
ASYNCHRONOUS 
COMMUNICATIONS 
ELEMENT 


PARALLEL 
PRINTER 
PORT 


NOTE: 
Operating 
temperature 
range 
is O°C to 


+ 70°C. 


16C450 
ASYNCHRONOUS 
COMMUNICATIONS 
ELEMENT 


REAL 
TIME 
CLOCK 


INTEGRATED 
DRIVE 
ELECTRONICS 
INTERFACE 


KEYBOARD/ 
MOUSE 
CONTROLLER 


inter 


Included 
is the control 
logic necessary 
for the sup- 


port 
of the 
Integrated 
Drive 
Electronics 
(IDE) hard 


disk bus interface. 


The Peripheral 
Combo chip also includes 
seven pro- 


grammable 
chip selects, 
three 
internal 
and four ex- 
ternal. 
Each chip select 
has a programmable 
16-bit 


base 
address 
and a mask 
register 
that 
allows 
the 


number 
of bytes corresponding 
to each chip select 


to be programmed 
(e.g. 3F8H-3FFH 
has a base ad- 


AEN 


RTCWAP 


5AO-5A15 


PORT 


ADDRESS 
DECODE 


32.768 
KHl':o~~~ 


PS/RC_ 
I~ 


POWER 
DOWN 
WRITE 


PROTECT r 


CTS .• _ 


OSH.•" 


RLSD.A.M 


RIA" 


SINA 


SYSCLK 


else" 
OSRB" 
RlSDB_ 


RIS" 


SINS 


dress 
of 3F8H and a range 
of 8 bytes). 
Each chip 


select can be programmed 
for number of wait states 


(0-7) and 8- or 16-bit operation. 
16-bit decoding 
is 


used for all I/O addresses. 
A default 
fixed decode 
is 


provided 
on reset for the on-chip 
serial ports, printer 


port, and off-chip 
floppy 
and hard disk controllers, 


which 
may be changed 
to battery-backed 
program- 


mable chip selects 
via control 
bit. 
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240B45-3 
Pin Diagram 


inter 


Signal 
Pin 
Signal 
Signal 


Name 
Number 
Type 
Description 
.. 


COMMUNICATIONS 
PORT A 


RTSA# 
44 
01 
Request 
to Send, Port A 
DTRA# 
45 
01 
Data Terminal 
Ready, Port A 
SOUTA 
46 
01 
Serial Data Output, Port A 
CTSA# 
79 
14 
Clear to Send, Port A 
DSRA# 
78 
14 
Data Set Ready, Port A 
RLSDA# 
77 
14 
Receive 
Line Signal Detect, Port A 
RIA# 
76 
14 
Ring Indicator, 
Port A 
SINA 
75 
14 
Serial Input, Port A 
IROA 
39 
06 
Interrupt 
Request, 
Port A 
OUT2A# 
42 
01 
Output 2, Port A 


COMMUNICATIONS 
PORT B 


RTSB# 
47 
01 
Request to Send, Port B 
DTRB# 
48 
01 
Data Termina 
Ready, Port B 
SOUTB 
49 
01 
Serial Data Output, Port B 
CTSB# 
89 
14 
Clear to Send, Port B 
DSRB# 
88 
14 
Data Set Ready, Port B 
RLSDB# 
87 
14 
Receive 
Line Signal Detect, Port B 
RIB# 
86 
14 
Ring Indicator, 
Port B 
SINB 
85 
14 
Serial Input, Port B 
IROB 
37 
06 
Interrupt 
Request, 
Port B 
OUT2B# 
43 
01 
Output 2, Port B 


PARALLEL 
PRINTER 
PORT 


PDO 
59 
105 
Printer Data Port, Bit 0 
PD1 
58 
105 
Printer Data Port, Bit 1 
PD2 
57 
105 
Printer Data Port, Bit 2 
PD3 
56 
105 
Printer Data Port, Bit 3 
PD4 
54 
105 
Printer Data Port, Bit 4 
PD5 
53 
105 
Printer Data Port, Bit 5 
PD6 
52 
105 
Printer Data Port, Bit 6 


PD7 
51 
105 
Printer Data Port, Bit 7 


INIT# 
63 
04 
Initialize Printer Signal 
AFD# 
62 
04 
Autofeed 
Printer Signal 
STB# 
61 
04 
Data Strobe to Printer 
SLlN# 
64 
04 
Select Signal from Printer 
ERR# 
70 
14 
Error Signal from Priner 
SLCT 
71 
14 
Select Signal from Printer 


inter 


Signal 
Pin 
Signal 
Signal 


Name 
Number 
Type 
Description 
"- 


PARALLEL 
PRINTER 
PORT 
(Continued) 


BUSY 
72 
14 
Busy Signal from Printer 
PE 
73 
14 
Paper Error Signal from Printer 
ACK# 
74 
14 
Acknowledge 
Signal from Printer 
IROP 
40 
06 
Printer Interrupt 
Request 
Output 


IROE# 
41 
01 
Printer Interrupt 
Request 
Enable Signal 


REAL TIME CLOCK PORT 


, 


VBAT 
69 
NA 
Standby 
Power-Normally 
3V to 5V, battery backed 
STBY# 
65 
15 
Power Down Control 
OSCI 
66 
NA 
Crystal Connection 
Input-32 
kHz 
OS CO 
67 
NA 
Crystal Connection 
Output-32 
kHz 
PS/RC# 
68 
15 
Power Sense/RAM 
Clear Input 


IROR 
36 
01 
Real Time Clock Interrupt 
Request 
Output 
RTCMAP 
121 
14 
High-RTC 
is mapped to 70H and 71 H, Low-RTC 
is mapped to 
170H and 171H 


KEYBOARD 
CONTROLLER 
PORT 


KCLK 
103 
104 
Keyboard 
Clock 
KDAT 
104 
104 
Keyboard 
Data 
KCM 
92 
14 
General 
Purpose 
Input, Normally 
Color/Monochrome 
KKSW 
93 
14 
General Purpose 
Input, Normally 
Keyboard 
Switch 
KA20 
91 
01 
General 
Purpose Output, Normally A20 Gate 
KRES 
90 
01 
General 
Purpose Output, Normally 
Reset 
KHSE 
101 
01/104 
General 
Purpose Input, Normally 
Speed Select 
KSRE 
100 
01/104 
General Purpose Output, Normally 
Shadow 
RAM Enable 


IROK 
34 
01 
Keyboard 
Interrupt 
Request 
IROM 
35 
01 
Mouse Interrupt 
Request 
KRSEL 
94 
14 
General 
Purpose Input, Normally 
RAM Select 
K10 
99 
14 
General 
Purpose Input, Bit 0 
K11 
98 
14 
General 
Purpose 
Input, Bit 1 
K12 
97 
14 
General 
Purpose 
Input, Bit 2 
K13 
96 
14 
General 
Purpose 
Input, Bit 3 
K15 
95 
14 
General 
Purpose 
Input, Bit 5 


IDE BUS I/O 
, 


IDENH# 
2 
01 
IDE Bus Transceiver 
High Byte Enable 
IDENL# 
3 
01 
IDE Bus Transceiver 
Low Byte Enable 
IDINT 
122 
14 
IDE Bus Interrupt 
Request 
Input 
IDB7 
119 
106 
IDE Bus Data Bit 7 
DC# 
123 
14 
Floppy Disk Change Signal 
HCS1# 
124 
01 
IDE Host Chip Select 
1 
IROI# 
33 
06 
IDE Interrupt 
Request Output 


inter 


Signal 
Pin 
Signal 
Signal 
Name 
Number 
Type 
Description 


COMMON 
BUS 1/0 


SDO 
115 
102 
System Bus Data, Bit 0 
SD1 
114 
102 
System Bus Data, Bit 1 
SD2 
111 
102 
System Bus Data, Bit 2 
SD3 
110 
102 
System 
Bus Data, Bit 3 
SD4 
109 
102 
System Bus Data, Bit 4 
SD5 
108 
102 
System Bus Data, Bit 5 
SD6 
106 
102 
System Bus Data, Bit 6 
SD7 
105 
102 
System Bus Data, Bit 7 
SAO 
17 
11 
System Bus Address, 
Bit 0 
SA1 
18 
11 
System Bus Address, 
Bit 1 
SA2 
19 
Ir 
System Bus Address, 
Bit 2 
SA3 
20 
11 
System Bus Address, 
Bit 3 
SM 
. 21 
11 
System Bus Address, 
Bit 4 
SA5 
22 
11 
System Bus Address, 
Bit 5 
SA6 
23 
11 
System Bus Address, 
Bit 6 
SA7 
24 
11 
System Bus Address, 
Bit 7 
SA8 
25 
11 
System Bus Address, 
Bit 8 
SA9 
26 
11 
System 
Bus Address, 
Bit 9 
SA10 
27 
11 
System 
Bus Address, 
Bit 10 
SA11 
28 
11 
System Bus Address, 
Bit 11 
SA12 
29 
11 
System 
Bus Address, 
Bit 12 
SA13 
30 
11 
System Bus Address, 
Bit 13 
SA14 
31 
11 
System Bus Address, 
Bit 14 
SA15 
32 
11 
System Bus Address, 
Bit 15 
XTAL1 
82 
NA 
Crystal Clock Input-18.432 
MHz 
XTAL2 
83 
NA 
Crystal Clock Output-18.432 
MHz 
10R# 
11 
11 
System 
Bus 1/0 Read 
10W# 
12 
11 
System Bus I/O Write 
RES 
125 
11 
System 
Reset 
AEN 
13 
11 
System 
Bus Address 
Enable 
ALE 
14 
11 
System 
Bus Address 
Latch Enable 
IOCS16# 
116 
08 
System 
Bus I/O Chip Select 
16 
10CHRDY 
118 
08 
System 
Bus 1/0 Channel 
Ready 
SYSCLK 
128 
11 
System Clock-Processor 
Clock Divide by 2 
CS4# 
7 
01 
Chip Select 4-Normally 
for External 
Floppy Disk Controller 
CS5# 
8 
01 
Chip Select 5-Normally 
HCSO# 
for IDE 
CS6# 
9 
01 
Chip Select 6-Normally 
for External Floppy Disk Controller 
CS7# 
10 
01 
Chip Select 7-Normally 
for External Floppy Disk Controller 
CDAK4# 
102 
11 
DMA Acknowledge 
Forces -CS4 
Active 
XDDIR 
120 
11 
X Data Bus Transceiver 
Direction 
XDIRS 
5 
01 
Modified 
X Data Bus Transceiver 
Direction 
Control 
Signal-Excludes 
Real Time Clock and Keyboard 
Controller 
Decodes 
XDIRX 
6 
01 
X Data Bus Transceiver 
Control Signal-Includes 
All CS Decodes 
Generated 
On Chip 


inter 


Signal 
Description 
Signal 
Name 
Pin 
Number 


X Data Bus Transceiver 
Enable 
Three-State 
Control 
Input-For 
All Outputs to Isolate Chip for 
Board Tests 
ICT # 
127 
14 
In Circuit Test Mode Control 


POWER, 
GROUND, 
AND UNCOMMITTED 


VDD 
15, 16, 50, 
System Power: + 5V 
81,113 
VSS 
1, 38, 55, 
System Ground 
60,80,84, 
107,112,117 


110 LEGEND 


Pin Type 
mA 
Type 
Comment 


01 
2 
TTL 
02 
24 
TTL 
04 
12 
TTL-OD 
Open Drain, Weak Pull-Up, No VDD Diode 
06 
4 
TTL-TS 
Three-State 
07 
24 
TTL-TS 
Three-State 
08 
24 
TTL-OD 
Open Drain, Fast Active Pull-Up 
11 
TTL 
12 
CMOS 
14 
TTL 
30 kO Pull-Up 
15 
TTL 
Schmitt-Trigger 
102 
24 
TTL-TS 
Three-State 


104 
12 
TTL-OD 
Open Drain, Slow Turn-On 
105 
12 
TTL-TS 
Three-State 
106 
24 
TTL-TS 
Three-State, 
30 kO Pull-Up 


CHIP SET 
• Three Chip ISA (Industry Standard 
• Support for 387™ DX 
Architecture) Chip Set Capable of Use 
• Coprocessor Software Reset Can Be 
in 386™ DX-Based System up to 
Disabled 
33 MHz 
- 
82346 System Controller, 
• Internal Switching and Programmable 
- 
82344 ISA Bus Controller, 
CLK2 Support for *PC/AT-Compatible 
- 
82345 Data Buffer 
and "Turbo" Modes 
• Two 128-Pinand One 160-Pin(82344) 
• Programmable Drive Reduces the Need 
Quad Flatpacks, 1.0- and 1.5-Micron 
for External Buffering on DRAM and 
CMOS 
Slot Bus Interface Signals 
• Memory Control of One to Four Banks 
• ISA Bus Control of 386 DX-Based 
of 32-Bit DRAM Using 256k, 1M, or 4M 
PC/AT-Compatibles. Capable of 
Components Allowing 64 Mbytes on 
Asynchronous or Synchronous Bus 
System Board 
Operation to 16 MHz 
• Page Mode DRAM Operation on Any 
• Compatible with *Lotus 1-2-3 Version 
Number of Banks 
3.0 in 1M Systems 
• Two/Four-Way Interleaving or Direct 
• Bus "Quiet" Mode Assures That Slot 
Access on System Board Memory 
Bus Signal Lines Are Driven Only 
• Programmable Option for Block or 
During Slot Accesses 


Word Interleave 
• Integrated Peripheral Functions: 
• Programmable DRAM Timing 
- 
Two 82C37A DMA Controllers with 


Parameters 
Extended 74LS612 Page Register 
- 
Two 82C59A Interrupt Controllers 
• Remap Option Allows Logical 
- 
One 82C54 Timer 
Reordering of System Board DRAM 
-One 
146818Real Time Clock 
Banks 
• Additional 64 Bytes of Battery Backed 
• System Board Refresh Optionally 
RAM in RTC Provides for Non-Volatile 
Decoupled from Slot Bus Refresh 
Storage of 82340DX Chip Set 
• Staggered Refresh Minimizes Power 
Configuration Data and User Specific 
Supply Load Variations 
Information 
• Built-In "Sleep" Mode Features, 
• Supports 8- or 16-Bit Wide BIOS ROMs 


Including Use of Slow Refresh DRAMs 
• Cache Support for Posted Writes 
in Power Critical Operations 
• System Memory on MD or D Bus in 
• Hardware Supports Full L1MEMS4.0 
Non-Cached Systems 
Spec over Entire 64 Mbyte Memory 
• Separate Parity Generation/Checkers 
Map 
for High Speed Operation 
• DMA Expanded to Allow Transfers over 
Internal 110 Programmable for 10- or 
64M range 
• 16-Bit Decode 
• Shadow RAM Support in 16k 
Three-State Control Pins Added for 
Increments over Entire 64k to 1M range 
• Board Level Testability 


386 and 387 are trademarks 
of Intel Corporation. 
PC/ATTM 
is a trademark 
of International 
Business 
Machines 
Corporation. 
'Lotus 
1-2-3~ 
is a registered 
trademark 
of Lotus 
Development 
Corporation. 
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82340SX ISA 
CHIP SET 
• Two Chip ISA (Industry Standard 
• Support for 387™ SX Numerical 
Architecture) Chip Set Capable of Use 
Coprocessors 
in 386™ SX-Based Systems Up to 20 
• Software Coprocessor Reset can be 
MHz 
Disabled 
• Both Chips are 160 Quad Flatpacks, 
• Internal Switching and Programmable 
1.0- and 1.5-Micron CMOS 
CLK2 Support for Slow and "Turbo" 
• Memory Control of One to Four Banks 
Modes 
of 16-Bit DRAM Using 256k, 1M, or 4M 
• Programmable Drive on DRAM and Slot 
Components Allowing 32 Mbytes on 
Bus Interface Signals Allows Direct 
System Board 
Drive Tailored to System Size 
• Page Mode DRAM Operation on Any 
• Asynchronous or Synchronous Slot 
Number of Banks 
Bus Operation with Programmable bus 
• Two/Four-Way Interleaving or Direct 
Clock Divider 
Access on System Board Memory 
• Bus "Quiet" Mode Assures that Slot 
• Programmable Option for Block or 
Bus Signal Lines are Driven Only 
Word Interleave 
During Slot Accesses 
• Programmable DRAM Timing 
• Integrated Peripheral Functions: 
Parameters 
- 
Two 82C37A DMA Controllers 
• Remap Option Allows Logical 
- 
Two 82C59A Interrupt Controllers 


Reordering of System Board DRAM 
- 
One 82C54Timer 


Banks 
-One 
146818Real Time Clock 
• System Board Refresh Optionally 
• Supports 8- or 16-Bit Wide BIOS ROMs 


Decoupled from Slot Bus Refresh 
• I/O Decode Programmable for 10- or 
• Staggered Refresh Minimizes Power 
16-Bit Addresses 


Supply Load Variations 
• Separate Parity Generators/Checkers 
• Built-In "Sleep" Mode Features, 
for High Speed Operation 


Including Use of Slow Refresh DRAMs 
• Designed for Systems with Up to 
in Power Critical Operations 
12 MHz Backplane Operation 
• EMS Hardware Supports Full L1MEMS 
• Three-State Control Pins Added for 
4.0 Spec over Entire 32 Mbyte Memory 
Board Level Testability 
Map with Backfill to 256k-lncludes 
• Compatible with Lotus 1-2-3· Version 
Two Sets of 36 Mapping Registers 
3.0 in 1M Systems 
Each 
• Shadow RAM Support in 16k 
Increments over Entire 640k to 1M 
range 


386TM and 387TM are registered 
trademarks 
of Intel Corporation. 
°Lotus 
1-2-3<1>is a registered 
trademark 
of Lotus 
Development 
Corporation. 
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82343 
SYSTEM CONTROLLER/DATA 
BUFFER 


The 
82343 
contains 
the 
system 
control 
and 
data 
buffering 
functions 
in a 160-pin quad flatpack. 


The 82343's 
functions 
are highly programmable 
via 
a set of internal 
configuration 
registers. 
Defaults 
on 
reset for the configuration 
registers 
mimic the com- 
patibility 
requirements 
of the original IBM PCI AT* as 
closely 
as possible. 
The power-up 
defaults 
allow any 
possible 
configuration 
of the system 
to boot at the 
CPU's 
rated 
speed. 
However, 
operational 
capabili- 
ties may be temporarily 
reduced 
until the configura- 
tion registers 
are set to mirror the true system 
con-· 


figuration. 
This normally 
occurs 
during 
BIOS power- 
on self-test 
in a manner 
completely 
transparent 
to 
the user. 


The 82343 
is designed 
to perform 
in systems 
run- 
ning 
up to 20 MHz. 
Built-in 
page-mode 
operation, 
two- or four-way 
interleaving, 
and fully programma- 
ble memory 
timing 
allow 
the 
PC designer 
to maxi- 


mize 
system 
performance 
using 
low cost 
DRAMs. 


Programmable 
memory 
timing allows 
the system 
to 
be setup to perfectly 
match the requirements 
of the 
chosen 
DRAMs; 
standard 
or custom. 
These 
adjust- 
ments can often be made without 
incurring 
the pen- 
alty of additional 
wait states. 


The system controller 
handles 
system 
board refresh 


directly 
and also controls 
the timing 
of slot bus re- 


fresh which 
is actually 
performed 
by the 82344 
ISA 
Bus Controller. 
Refresh 
may be performed 
in cou- 
pled or decoupled 
mode. The former 
method 
is the 


standard 
PCI AT-compatible 
mode 
where 
on- 
and 
off-board 
refreshes 
are performed 
synchronously. 
In 
decoupled 
mode, the timing of on- and off-board 
re-- 


freshes 
is independent. 
Both 
may be programmed 
for independent, 
slower 
than 
normal 
rates. This al- 
lows 
use of low power, 
slow 
refresh 
DRAMs. 
The 


82343 controls 
all timing in both modes. 
In all cases, 


refreshes 
are staggered 
to minimize 
power 
supply 


loading and attendant 
noise on the Voo and ground 
pins. In sleep mode, 
refresh 
switches 
to CAS # be- 


fore RAS# 
refresh 
for maximum 
power savings. 


The physical 
banks of DRAM can be logically 
reor- 
dered through 
one of the indexed 
configuration 
reg- 


isters. This DRAM remap option 
is useful in order to 
map out bad DRAM banks allowing 
continued 
use of 
a system 
until repairs are convenient. 
It also allows 
DRAM 
bank 
combinations 
not 
in 
the 
supported 
memory 
maps to be logically 
moved 
into a support- 
ed configuration 
without 
physically 
moving 
memory 
components. 
This 
unique, 
programmable 
function 
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performs 
this task 
by switching 
the internal 
RAS# 
and CAS # signals 
between 
the external 
RAS# 
and 
CAS # pins. This allows internal 
row and column 
ad- 
dresses 
generated 
for DRAM 
bank 0, for example, 
to be routed to anyone 
of the four on-board 
DRAM 
banks. 


Shadowing 
features 
are supported 
on all 16k bound- 
aries 
between 
640k 
and 
1M. 
Simultaneous 
EMS 
use, shadowed 
ROM, 
and direct 
system 
board 
ac- 
cess is possible 
in non-overlapping 
fashion 
through- 
out this memory 
space. Control over four access 
op- 
tions is provided. 


1. Access 
ROM or slot bus for reads and writes. 


2. Access 
system 
board 
DRAM 
for 
reads 
and 
writes. 


3. Access 
system 
board 
DRAM 
for reads 
and slot 
bus for writes. 


4. Shadow 
setup 
mode. 
Read 
ROM 
or 
slot 
bus, 


write system 
board DRAM. 


Full EEMS 
support 
is provided 
in hardware 
for the 
complete 
L1M EMS 4.0 standard. 
Seventy-two 
map- 
ping registers 
provide 
a standard 
and an alternate 
set of 36 registers 
each. The system 
allows 
backfill 
down 
to 256k 
for 
EEMS 
support 
and 
provides 
24 
mapping 
registers 
covering 
this space. Twelve of the 
36 are page registers 
which 
cover 
the EMS space 
from COOOOhto EOOOOh.These twelve 
registers 
can 
alternatively 
be mapped 
in the AOOOO-BFFFFh 
and 
DOOOO-DFFFFh 
range 
by changing 
a configuration 
bit in the 82343. All registers 
are capable 
of translat- 
ing over the complete 
32 Mbyte 
range 
of on-board 
DRAM. 
Users 
preferring 
an alternate 
plug-in 
EMS 
solution, 
can disable 
the on-board 
EMS system 
as 
well as system 
board 
DRAM, 
as required, 
down 
to 
256k. 


These 
controls 
are overridden 
by EMS in segments 
for which 
it is enabled. 


READY1# 


BKRQ3-BKRQO. 
PHIT/MISS# 


M/IO#. 
D/C#. 
W/R# 


REFRESH# 


HLDA 


CHSO#/MR#,CHS1/MW# 


BANK ° 
, 


MEMORY 
CONTROL 
BKORDY# 


~-~ 


I 
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CONTROL 
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BANK 2 
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CONTROL 
BK2RDY# 
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BANK 3 
MEMORY 
CONTROL 
BK3RDY# 


RASIO# 


CASIO# 


CASll# 


RASI1# 


CASI2# 


CASI3# 


RASI2# 


CASI4# 


CASI5# 


RASI3# 


CASI6# 


CASI7# 
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The System Controller is used to program the de- 
sired operational mode of the AT bus. Based on this 
programming, it provides the bus clock and signal- 
ling interface to the Bus Controller. The bus may run 
synchronously with the CPU's CLK2 or asynchro- 
nously via an external oscillator. A programmable di- 
vider conditions the selected BUSCLK source pro- 
viding divide by 1, 2, 3 or 4. 


The 82343 also performs all of the data buffering 
functions required for a 386™SX-based 
PCI AT- 


compatible system. Under the control of the CPU, 
the data buffer chip routes data to and from the 
CPU's D bus, XD bus, and slots (SD bus). The parity 
is checked for D bus DRAM read operations. When 
reading from ROM, the XD bus or the SD bus, the 


BRORA~# 


CPUHLOA 


RO~CS# 


RA~W# 


BEl #. BEo# 


SOLH/HL# 


SoSWAP# 


XOREAO# 


TRI# 


data can be converted from 8 bits wide to 16. The 
data is latched for synchronization with the CPU. 
Parity is generated for all data written to the D bus. 
The 82343 provides the data conversion necessary 
for 16-bit writes to 8-bit devices on the XD or SD 
buses. 


Under the control of DMA or a bus master, the 
82343 allows 8- or 16-bit data to be routed to and 
from the XD bus. The chip also is capable of per- 
forming high to low and low to high byte swaps on 
the SD bus. For transfers between two peripherals 
on the slot bus the outputs of the 82343 are dis- 
abled. The chip also provides the feature of a single 
input, TR1#, to disable all of its outputs for board 
level testability. 


S015-Soo 
XO 


A 
BUS 
015-00 
~UX 


VOOR 


VSSR 


"A3 


"A2 
"., 


VSSR 
"'0 
R.•.•••WI 


CAS3HI 


CAS.3LI 


CAS2HI 


CAS2LN 


CAS1H, 


CASll' 


VSSR 


CASOH, 


CASOli 


VOOR 


RAS31 


RAS2# 


RAS1' 
RAsa, 


ROMCSI 


REFRESH' 


RESNPX 


IRQ13 


NPCS, 


PEREQNPX 


ERRORNPX, 


BU$YNPX, 


TCLK2 


OSC 


8USOSC 


VDOI 


;,20GATE 


TURBO 


RCI 


286/386SXI 


TRII 


CHREADY, 


AoSI 


"/101 
O/CI/S' 1 
W/RI/SO, 


BLE'fAD 


SHE' 
., 


A2 


A3 
•• 
AS,. 


A7 
'8,. 
.,0 
'" 
.,2 


"3,..,...,. 
.,7 
.,8.,. 


'20 
'2' 
'22 


'23 


VSSR 
SDO 


SO, 


502 


503 


¥SSR 


SO. 


50S 


50S 


507 


VODR 


Signal 
Pin 
Signal 
Signal 
Description 
Name 
Number 
Type 


CPU INTERFACE 
SIGNALS 


A23-1 
132-154 
I-TTL 
ADDRESS 
BITS 23 THROUGH 
1: Driven by the CPU when the CPU is 
bus master. They are driven by the Bus Controller 
whenever 
HLDA is 
active. These bits allow direct access of up to 16 Mbytes of local 
memory. 


BHE# 
155 
I-TTL 
BYTE HIGH ENABLE, 
ACTIVE 
LOW: This signal is driven by the CPU 
or the 82344. It is used to select the upper byte of a 16-bit wide 
memory location. 


BLE#/AO 
156 
I-TTL 
BYTE LOW ENABLE, 
ACTIVE 
LOW, OR AO: In 386SX mode this 
signal is BLE #, in 286 mode it is AO and is driven by the CPU or the 
Bus Controller. 
It is used to select the lower byte of a 16-bit wide 
memory location. 


W/R#/SO# 
157 
I-TPU 
WRITE 
OR ACTIVE 
LOW READ ENABLE, 
OR SO: W /R # is driven by 
the CPU in 386SX mode, SO# in 286 mode. This signal is decoded 
with the remaining 
CPU control 
signals to indicate the type of bus 
cycle requested. 
The bus cycle types include interrupt 
acknowledge, 


halt shutdown, 
I/O reads and writes, memory data reads and writes, 


and memory code reads. This pin is pulled up internally. 


D/C#/S1 
# 
158 
I-TPU 
DATA OR ACTIVE 
LOW CODE ENABLE, 
OR S1: D/C# 
is driven by 
the CPU in 386SX mode or S1 # in 286 mode. This signal is decoded 
with the remaining 
CPU control 
signals to indicate the type of bus 
cycle requested. 
See W /R # /SO# 
definition 
for bus cycle types. This 
pin is pulled up internally. 


M/I#/O 
159 
I-TPU 
MEMORY 
OR ACTIVE 
LOW 1/0 ENABLE: 
Driven by the CPU, 


M/IO# 
is decoded 
with the remaining 
CPU control 
signals to indicate 
the type of bus cycle requested. 
See W/R # /SO# 
definition 
for bus 
cycle types. This pin is pulled up internally. 


ADS# 
160 
I-TPU 
ADDRESS 
STROBE, 
ACTIVE 
LOW: This signal is driven by the 
386SX as an indicator 
that the address and control 
signals currently 
supplied 
by the CPU are valid. It is used internally 
to indicate 
that the 
data and command 
are valid and determine 
the beginning 
of a 
memory cycle. This pin is a no connect 
in 286 mode. An internal 
pull 
up resistor 
keeps it inactive during 286 mode. 


CLK21N 
2 
I-CMOS 
This is the main clock input to the System Controller 
and it should be 
connected 
to the CLK2 signal that is output by the System Controller. 


This signal is used internally 
to clock the System Controller 
logic. 


TCLK2 
71 
I-TTL 
This input is connected 
to a crystal oscillator 
whose frequency 
is equal 


to two times the system frequency. 
The TTL level oscillator 
output is 
converted 
internally 
to CMOS levels and sent to the CLK2 output. 


CLK2 
5 
0 
This output signal is CMOS level converted 
TCLK2 signal. It is output 
to the CPU and other on-board 
logic for synchronization. 
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Signal 
Pin 
Signal 
Signal Description 
Name 
Number 
Type 


CPU INTERFACE 
SIGNALS 
(Continued) 


- 


SLP#/MISS 
6 
10-od 
As a "power 
on reset" 
default this bit is an output that reflects 
the 
inverse state of the SLEEP[?) 
configuration 
register bit. It is active low 
when sleep mode is active. Sleep mode is activated 
by setting 
SLEEP[?) 
= 1. When configuration 
register CTRL 1[0) = 1 this pin 
becomes 
a MISS output for use with a future product. 


READYO# 
? 
0 
READY OUT, ACTIVE 
LOW: This signal is an indication 
that the current 
memory or I/O bus cycle is complete. 
It is generated 
from the internal 
DRAM controller 
or the synchronized 
version of CHREADY # for slot 
bus accesses. 
Outside the chip it is ORed with any other local bus I/O 
or master. The culmination 
of these ORed READY signals is sent to the 
CPU and is also connected 
to the System Controller's 
READYI # input. 


READYI# 
3 
I·TTL 
READY INPUT, ACTIVE 
LOW: This signal is the ORed READY signals 
from the coprocessor 
or other optional 
add·in devices 
and from the 
82343's 
READY # input. 


HLDA 
4 
I·TTL 
HOLD ACKNOWLEDGE, 
ACTIVE 
HIGH: This signal is issued by the 
CPU in response 
to the HRQ driven by the System Controller. 
It 
indicates 
that the CPU is floating 
its outputs to the high impedance 
state, so that another 
master can take control 
of the bus. When HLDA is 
active, the memory control 
is generated 
from CHS 1# /MR # and 
CHSO # /MW # rather than CPU status signals. 


HRQ 
8 
0 
HOLD REQUEST, 
ACTIVE 
HIGH: This output is driven by the System 
Controller 
to the CPU. It indicates 
that a master, such as a DMA or AT 
channel 
master, is requesting 
control 
of the bus. HRQ is a result of the 
DMAHRQ 
input or a coupled 
refresh cycle. It is synched 
to CLK2. 


RESCPU 
9 
0 
RESET CPU, ACTIVE 
HIGH: An output signal that is sent to the CPU by 
the System Controller. 
It is issued in response 
to the control 
bit for 
software 
reset located 
in the Port A register or a dummy read to 10 port 
EFh. It is also issued in response 
to signals on the RSTDRV or RC 
inputs and in response 
to System Controller's 
detection 
of a shutdown 
command. 
In all cases it is synched 
to CLK2. 


BUSYCPU# 
10 
0 
BUSY CPU, ACTIVE 
LOW: An output signal that is sent to the CPU. 


The state of BUSYNPX# 
is always passed through 
to BUSYCPU# 
indicating 
that the NPX is processing 
a command. 
ON occurrence 
of an 
ERRORNPX 
# signal, it is latched and held active until occurrence 
of a 
write to ports FOh, F1h, or RESNPX. The former case is the normal 
mechanism 
used to reset the active latched 
signal. The latter two are 
resets. Since ERRORNPX# 
generates 
IRQ13 for PC/AT·compatibility, 
BUSYCPU # is held active to prevent 
software 
access of the 
coprocessor 
until the interrupt 
service routine writes FOh. 
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Signal 
Pin 
Signal 
, 


Name 
Number 
Type 
Signal Description 


CPU INTERFACE 
SIGNALS 
(Continued) 


PEREOCPU 
11 
0 
PROCESSOR 
EXTENSION 
REQUEST, 
ACTIVE 
HIGH: An output 


signal sent to the CPU in response 
to a PEREONPX 
which is issued by 


the coprocessor 
to the System Controller. 
It indicates 
to the CPU that 


the coprocessor 
is requesting 
a data operand 
to be sent to or from 


memory by the CPU. For PCI AT-compatibility 
PEREOCPU 
is returned 


active on occurrence 
of ERRORNPX# 
after BUSYNPX# 
has gone 


inactive. A write to FOh by the interrupt 
13 handler returns control 
of 
the PEREOCPU 
signal to directly follow the PEREONPX 
input. 


ON-BOARD 
MEMORY 
SYSTEM 
INTERFACE 
SIGNALS 


RAMW# 
48 
0 
RAM ACTIVE 
LOW WRITEI 
ACTIVE 
HIGH READ: This output to the 


DRAM memory is to control 
the direction 
of data flow of the on-board 


memory. 
It is a result of the address and bus control 
decode. 
It is active 


,during memory write cycles and high at all other times. 


MA10-MAO 
33-35 
0 
MEMORY 
ADDRESSES 
10 THROUGH 
0: These address 
bits are the 


37-40, 
row and column addresses 
sent to on-board 
memory. They are 


43-45,47 
buffered 
and multiplexed 
versions 
of the CPU bus addresses. 
They 


allow addressing 
of up to 8 Mbytes per DRAM bank. 


RASBK3#- 
59-62 
0 
ROW ADDRESS 
BANK 0 THROUGH 
3, ACTIVE 
LOW: These signals 
RASBKO# 
are sent to their respective 
RAM banks to strobe in the row address 


during on-board 
memory bus cycles. The active period for this signal is 


fully programmable. 


CAS7#- 
49-54 
0 
COLUMN 
ADDRESS, 
STROBE, 
ACTIVE 
LOW: These signals are sent 


CASO# 
56,57 
to their respective 
RAM banks to strobe in the column address 
during 


on-board 
memory bus cycles. There is a CAS # signal for upper and 
lower bytes of each of the four 16-bit DRAM memory banks. The active 
period for this signal is completely 
programmable. 
For clarity, alternate 


names may also be used for these signals as shown in the following 
table where the digit in the "Alternate 
Name" 
indicates 
the DRAM 


bank the signal drives, L indicates 
it drives the low byte, and H 
indicates 
it drives the high byte. 


Standard 
Name 
Alternate 
Name 


CASO# 
CASOL# 


CAS1# 
CASOH# 


CAS2# 
CAS1L# 


CAS3# 
CAS1H# 


CAS4# 
CAS2L# 


CAS5# 
CAS2H# 


CAS6# 
CAS3L# 


CAS7# 
CAS3H# 


inter 


Signal 
Pin 
Signal 
Signal Description 
Name 
Number 
Type 


ON-BOARD 
MEMORY 
SYSTEM 
INTERFACE 
SIGNALS 
(Continued) 


REFRESH# 
64 
I-CMOS/ 
REFRESH 
SIGNAL, 
ACTIVE 
LOW: This output is used by the 
0-00 
System Controller 
to initiate an off-board 
DRAM refresh operation 
in 
coupled 
refresh mode. In decoupled 
mode, the Bus Controller 
drives refresh active to indicate to the System Controller 
that it has 
decoded 
a refresh request command 
and is initiating an off-board 
refresh cycle. 


ROMCS# 
63 
0 
ROM CHIP SELECT: This output is active in CPU mode only 
(CPUHLDA 
is negated). 
It is active anytime the address 
on the A 
bus selects the address 
range between 
FFOOOOh-FFFFFFh 
during 
a memory read cycle. It is also active OEOOOOh-OFFFFFh and 
between 
FEOOOO-FEFFFF 
when RAMMAP[7] 
= 1, the default 
condition. 
When RAMMAP[7] 
= 0, accesses 
in these two regions 
are directed 
to the slot bus. "Holes" 
can be opened 
in this lower 
decode 
range by activation 
of shadow or EMS windows 
in this 
region; Le., when 16k shadow or EMS windows 
are activated 
in this 
region, ROMCS# 
is not generated. 


COPROCESSOR 
SIGNALS 


PEREQNPX 
68 
I-TPD 
COPROCESSOR 
EXTENSION 
REQUEST, 
ACTIVE 
HIGH: This 
input signal is driven by the coprocessor 
and indicates 
that it needs 
transfer of data operands 
to or from memory. 
For PC/ AT- 
compatibility 
this signal is also gated with the internal 
ERROR/ 
BUSY control 
logic before being output to the CPU as PEREQCPU 
during NPX interrupts. 


ERRORNPX# 
69 
I-TPU 
ERROR COPROCESSOR, 
ACTIVE 
LOW: An input signal from the 
coprocessor 
indicating 
that an error has occurred 
in the previous 
instruction. 
This signal is internally 
gated and latched with 
BUSYNPX# 
to produce 
IRQ13. 


BUSYNPX# 
70 
I-TPU 
BUSY COPROCESSOR, 
ACTIVE 
LOW: An input signal that is 
driven by the coprocessor 
to indicate that it is currently 
executing 
a 
previous 
instruction 
and is not ready to accept another. 
This signal 


is decoded 
internally 
to produce 
IRQ13 and to control 
PEREQCPU. 


RESNPX 
65 
0 
RESET COPROCESSOR: 
This output is connected 
to the 
coprocessor 
reset input. It is triggered 
through 
an internally 
generated 
system reset or via a write to port F1 h. In the case of a 
system reset, the CPURESET 
signal is also activated. 
Write to port 
F1h only resets the coprocessor. 
A software 
FNINT signal must 
, 
occur after an F1h generated 
reset in a 386SX system, otherwise 
the 387SX is not initialized to the same state that a 287 is placed in 
by a hardware 
reset alone. For compatibility, 
the F1 reset may be 
disabled 
by setting bit 6 of the MISCSET 
register to 1. 


IRQ13 
66 
0 
INTERRUPT 
REQUEST, 
ACTIVE 
HIGH: This output is driven to the 
Bus Controller 
to indicate 
that an error has occurred 
within the 
coprocessor. 
This signal is decode 
of the BUSYNPX # and 
ERRORNPX 
# inputs. 
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Signal 
Pin 
Signal 
Signal Description 
Name 
Number 
Type 


COPROCESSOR 
SIGNALS 
(Continued) 


NPCS# 
67 
0 
COPROCESSOR 
CHIP SELECT: Provides decoding 
of the 287 
coprocessor's 
I/O space. This is the entire F8h to FFh region when 
Zenith Data Systems-Special 
Features 
are disabled. 
When ZDS-SF 
are enabled, 
only I/O accesses 
to F8h, FAh, FCh, and FEh cause 
NPCS# 
to be active. This signal is a don't care pin for 387SX 
operation 
since the 386SX provides 
this function 
using A23. 


BUS CONTROL 
SIGNALS 


CHREADY# 
80 
I-CMOS 
CHANNEL 
READY, ACTIVE 
LOW: An input issued by the Bus 
Controller 
as an indication 
that the current channel 
bus cycle is 
complete. 
This signal is synchronized 
internally 
then combined 
with 
ready signals from the coprocessor 
and DRAM controller 
to form the 
final version of READYO# 
which is sent to the CPU. 


CHSO#/MW# 
93 
10-TIL 
CHANNEL 
SELECT 0 OR MEMORY 
WRITE, 
ACTIVE 
LOW: This 
signal is a decode 
of the CPU's bus control 
signals and is sent to the 
Bus Controller. 
When combined 
with CHS1 # and CHM/IO# 
and 
decoded, 
the bus cycle type is defined for the Bus Controller. 


Activation 
of CPUHLDA 
reverses this signal to become 
an input from 
the Bus Controller. 
It is then a MEMW # signal for the DMA or bus 
master to access system memory. 


CHS1 #/MR# 
94 
10-TIL 
CHANNEL 
SELECT 
1 OR MEMORY 
READ, ACTIVE 
LOW: This 
signal is a decode 
of the CPU's bus control 
signals and is sent to the 
Bus Controller. 
When combined 
with CHSO# 
and CHM/IO# 
and 
decoded, 
the bus cycle type is defined for the Bus Controller. 


Activation 
of CPUHLDA 
reverses 
this signal to become 
an input from 
the Bus Controller. 
It is then a MEMR # signal for the DMA or bus 
master to access system memory. 


CHM/IO# 
95 
0 
CHANNEL 
MEMORY 
I/O: This signal is a decode 
of the M/IO# 
signal sent by the CPU to the System Controller. 
It is an indicator 
that 
the current bus cycle is a channel 
access. When combined 
with 
CHSO#, 
and CHM/IO# 
and decoded, 
the bus cycle type is defined 
for the Bus Controller. 


BLKA20# 
96 
0 
BLOCK A20, ACTIVE 
LOW: An output driven to the Bus Controller 
to deactivate 
address 
bit 20. It is a decode 
of the A20GATE 
signal 
and Port A bit 1 indicating 
the dividing line of the 1 Mbyte memory 
boundary. 
Port A bit 1 may be directly written or sefby 
a dummy read 
of I/O port EEh. BLKA20# 
is forced high when HLDA is active. 


BUSOSC 
73 
I-TIL 
BUS OSCILLATOR: 
This signal is supplied 
from an external 
oscillator. 
It is supplied 
to the Bus Controller 
when the System 
Controller's 
internal configuration 
registers 
are set for asynchronous 
slot bus mode. This signal is two times the AT bus clock speed 
(SYSCLK). 


BUSCLK 
97 
0 
BUS CLOCK: This is the source clock used by the the Bus Controller 
to drive the slot bus. It is two times the AT bus clock (SYSCLK). 
It is 
programmable 
division from CLK2 or from an external 
oscillator 
when the System Controller 
is set up for a synchronous 
mode. 


inter 


Signal 
Pin 
Signal 
Signal Description 
Name 
Number 
Type 


BUS CONTROL 
SIGNALS 
(Continued) 


DMAHRQ 
83 
I-CMOS 
DMA HOLD REQUEST, 
ACTIVE 
HIGH: This signal is an input sent by 
the Bus Controller. 
It is internally 
synchronized 
by the System Controller 
before it is sent out to the CPU by the HRQ signal. It is the indicator 
of 
the DMA controller 
or other bus master's 
desire to control 
the bus. 


DMAHLDA 
98 
0 
DMA HOLD ACKNOWLEDGE: 
An output sent to the Bus Controller 
which indicates 
that the current hold acknowledge 
state is for the DMA 
controller 
or other bus master. 


BRDRAM# 
99 
0 
BOARD DRAM, ACTIVE 
LOW: An output to Bus Controller 
and Data 
Buffer to indicate 
that on-board 
DRAM is being addressed. 


EALE# 
92 
0 
EARLY ADDRESS 
LATCH ENABLE, ACTIVE 
LOW: This output is sent 
to the Bus Controller 
in order latch the A23-A1 
and byte enable signals. 


In 286 mode, this signal is generated 
internally 
by decode 
of the CPU 
status signals. In 386SX mode, the 82343's 
ADS# 
input is gated directly 
to the EALE # output. 


OUT1 
84 
I-CMOS 
Indicates 
a refresh request from the Bus Controller. 
This signal is 
provided 
by the 8254 megacell. 


PERIPHERAL 
INTERFACE 
SIGNALS 


A20GATE 
75 
I-TTL 
ADDRESS 
BIT 20 ENABLE: An input from the keyboard 
controller 
that 
is used internally 
along with Port A bit 1 to determine 
if address bit 20 
from the CPU is true or gated low. It also determines 
the state of 
BLKA20#. 


TURBO 
76 
I-TTL 
TURBO, ACTIVE 
HIGH: This input to the System Controller 
determines 
the speed at which the system board operates. 
This input signal is 
normally the externally 
ANDed signal from the keyboard 
controller 
and a 
turbo switch. It is internally 
ANDed with a software 
settable 
latch. When 
high, operation 
is at full speed. When low, CLK2 is divided by the value 
coded in configuration 
register MISCSET. A range is provided 
that 
allows slow operation 
at, or below 8 MHz for any valid CPU speed. Slow 
speed takes precedence. 
When anyone 
request for slow mode is 
present, 
slow mode is active. Turbo mode is active only when all 
TURBO 
requests 
are active. 


RC# 
77 
I-TTL 
RESET CONTROL, 
ACTIVE 
LOW: The falling edge of this signal 
causes a RESCPU signal. RC# 
is generated 
by the keyboard 
controller 
and its inverse is ORed with Port A bit 0 to form RESCPU. 


BUS INTERFACE 
SIGNALS 


OSC 
72 
I-TTL 
OSCILLATOR: 
This is the buffered 
input of the external 
14.318 MHz 
oscillator. 


10R# 
85 
I-TTL 
1/0 READ, ACTIVE 
LOW: Driven by the Bus Controller 
to indicate 
to 
the System Controller 
that an I/O read cycle is occurring 
on the bus. 


Whenever 
an I/O cycle occurs, the memory interface 
signals are 
inactive. 


inter 


Signal 
Pin 
Signal 
Signal Description 
Name 
Number 
Type 


BUS INTERFACE 
SIGNALS 
(Continued) 


10W# 
86 
I-TIL 
110 WRITE, 
ACTIVE 
LOW: Driven by the Bus Controller 
to indicate 


to the System Controller 
than an I/O write cycle is occurring 
on the 


bus. Whenever 
an I/O cycle occurs, the memory interface 
signals 


are inactive. 


RSTDRV 
87 
I-TIL 
RESET DRIVE, ACTIVE 
HIGH: This signal is output by the Bus 


Controller. 
It indicates 
that a hardware 
reset signal has been 


activated. 
This is the same signal which is output to the channel. 


This signal is used to reset internal 
logic and to derive the RESCPU 


which is output by the System Controller. 


SDLH/HL# 
88 
I-TIL 
SYSTEM 
DATA BUS LOW TO HIGH/HIGH 
TO LOW SWAP: This 


signal is driven by the Bus Controller. 
It is used to establish 
the 


direction 
of byte swaps. (Similar to DIR245 in the existing PC/ AT- 
type chip sets.) 


SDSWAP 
89 
I-TIL 
SYSTEM 
DATA BUS BYTE SWAP ENABLE: This signal is driven 


by the Bus Controller. 
It is the qualifying 
signal needed for SDLH/ 


HL # . (Used to be called GATE245 
on the existing PC/ AT -type chip 


sets.) 


XDREAD# 
90 
I-TIL 
PERIPHERAL 
DATA BUS (XD BUS) READ: This signal is driven by 
the Bus Controller 
and it determines 
the direction 
of the XD bus 


data flow. (It is analogous 
to the XDATADIR 
control 
pin on the 


existing PC/AT-type 
chip sets). When this signal is high, the XD Bus 


is output enabled. 


LATLO# 
91 
I-TIL 
SD BUS LOW BYTE LATCH: This signal is needed to latch the SD 
bus low byte to the local data bus until the CPU is ready to sample 
the bus. This signal is driven by the Bus Controller. 


015-00 
12-18,20, 
10-TIL 
CPU DATA BUS: This is the data bus directly connected 
to the 


22-29 
CPU. It is also referred to as the local data bus. 


SD15-0 
111-114, 
10-TIL 
SYSTEM 
DATA BUS: This bus connects 
directly to the slots. It is 


116-119, 
used to transfer 
data to/from 
local and system devices. 


122-125, 
127-130 


XD7-XDO 
101-107, 
10-TIL 
PERIPHERAL 
DATA BUS: This bus is connected 
to the Bus 


109 
Controller 
and the System Controller. 
These I/O's 
are used to read 


and write to on-board 
8-bit peripherals. 


PAR1, PARO 
21,30 
10-TIL 
PARITY 
BIT BYTES 1 AND 0: These bits are generated 
by the 


parity generation 
circuitry. They are written to memory along with 


their corresponding 
bytes during memory write operations. 
During 


memory read operations, 
these bits become 
inputs and are used 


along with their respective 
data bytes to determine 
if a parity error 


has occurred. 


PARERROR# 
100 
0 
PARITY 
ERROR, ACTIVE 
LOW: This signal is the result of a parity 


check on the read from on-board 
memory. 


286/386SX# 
78 
I-TPU 
286 OR 386SX MODE: Tied high or left open to allow internal 
logic 


to switch to 286/287 
compatibility 
mode. If grounded, 
the 82343 


System Controller/Data 
Buffer switches 
into 386SX/387SX 


compatibility 
mode. 


Signal 
Pin 
Signal 
Signal Description 
Name 
Number 
Type 


TEST MODE PIN 


TRI# 
79 
11 
THREE-STATE: 
This pin is used to drive all outputs to a high impedance 
state. When TRI # is low, all outputs and bidirectional 
pins are three- 
stated. TRI # is internally 
pulled up. 


POWER AND GROUND 
PINS 
The power connections 
are split into an internal supply for the core-logic, 
and a pad-ring supply for the I/O 
drivers. Each supply should be individually 
bypassed 
with decoupling 
capacitors. 


VDDR 
1,32,41, 
PWR 
Pad-ring power connection, 
nominally + 5V. These pins along with the 
110,58, 
VSSR pins should be separately 
bypassed. 


121 


VSSR 
19,31,36, 
GND 
Pad-ring ground connection, 
nominally 
OV. These pins along with the 
42,46,55, 
VDDR pins should be separately 
bypassed. 


81,108,115, 
120,126,131 


VDDI 
74 
PWR 
Internal core-logic 
power connection, 
nominally + 5V. This pin along with 
the VSSI pin should be separately 
bypassed. 


VSSI 
82 
GND 
Internal core-logic 
ground connection, 
nominally 
OV. This pin along with 
the VDDI pin should be separately 
bypassed. 


Signal Code 
Signal 
Type 
Signal Code 
Signal 
Type 


I-TTL 
TTL Level Input 
10-00 
Input or Open Drain, Slow Turn On 


I-TPD 
Input with 30 kl1 Pull-Down 
Resistor 
0 
CMOS and TTL Level Compatible 
Output 


I-TPU 
Input with 30 kl1 Pull-Up Resistor 
O-TTL 
TTL Level Output 


I-TSPU 
Schmitt-Trigger 
Input 
O-TS 
Three-State 
Level Output 
with 30 kl1 Pull-Up Resistor 


I-CMOS 
CMOS Level Input 
11 
Input Used for Testing 
Purposes 


10-TTL 
TTL Level Input/Output 
GND 
Ground 


IT-OD 
TTL Level Input/Open 
Drain Output 
PWR 
Power 


The 82344 
ISA Bus Controller 
replaces 
several 
of the LSI controllers 
used in PC/ AT* -type designs 
with one 
single 160-pin quad flatpack. 
The Bus Controller 
provides 
the functions 
of DMA, page address 
register, 
timer, 


interrupt 
control, 
Port B logic, slot bus refresh 
address 
generation, 
and real time clock. 
. 


The Bus Controller 
directly 
drives the refresh addresses 
onto the AT slot address 
bus during refresh 
cycles in 
response 
to a refresh 
cycle command 
from the System 
Controller. 
To avoid problems 
with sensitive 
slot bus 
add-in cards, the Bus Controller 
features 
"bus 
quiet" 
mode. When 
no valid slot bus accesses 
are occurring, 


the SA bus and control 
lines do not change 
states. 
Rather, 
they retain their previous 
logic state. 


Built-in 
sleep 
mode 
features 
work 
together 
with System 
Controller 
sleep 
features 
to provide 
a low power 
system 
idle state for extension 
of battery 
life in portable 
systems. 
When activated 
by the CPU via I/O write to 
an internal 
indexed configuration 
register, 
the DMA sybsystem 
clock is stopped 
and the AT slot bus remains in 
BUS QUIET state. The SYSCLK 
can be individually 
controlled. 
The interrupt 
controllers 
and the timers contin- 
ue to operate. 
If an interrupt 
occurs due to an external 
source 
or any of the timers, the Bus Controller 
"wakes 
up" and in turn wakes 
the System 
Controller. 


BD 
#, 
BEO # +----- 
....• 
r------!+-------+ 
SAO #' 
SBHE # 
IOCHRDY 
DATA CONVERSION 


&: WAIT 
STATE 
CONTOL 


XD7-XDO 


CHt.l/IO#, 
POWERGOOD 


IRQ15-IRQ3,IRQl 


BAT, PS, RTCOSC 


PCK #. 
OSC 


REFRESH # 


Dt.lAHLDA 


BLKA20 
# 


HIDRIVE# 
------_ 


TRI# 
------_ 


386 is a trademark 
of Intel Corporation. 
'PC/AT 
is a registered 
trademark 
of International 
Business 
Machines 
Corporation. 


XDREAD#. 
SDSWAP#, 
SDHL/LH 
#' 
LATLO #, LATH I # 


CHREADY #, 
SYSCLK, 
BALE, RSTDRV 


t.lEt.lR #' t.lEt.lW #, 
IOR#,IOW#, 
St.lEt.lR 
#, St.lEt.lW # 


DACK7 #. DACK5 #. 
DACK3 #, DACKO # 


Dt.lAHRQ, 
Nt.ll, 
INTR,OUT1 


AEN, TC. SPKR 


inter 


The upgraded 
OMA channels 
provide 
a superset 
of 
AT functionality 
by allowing 
OMA to the 
entire 
64 
Mbyte memory 
range of the 823400X 
chip set. Addi- 
tional 
functionality 
is provided 
via OMA wait 
state, 


clock, 
and -MEMR 
timing programmability. 


reduce 
bus ringing. 
A -ROM8 
pin selects 
the bus 
and bus size to use for BIOS ROM accesses. 
The 
choices 
are 8- or 16-bit wide ROMs. 


A three-state 
test 
control 
pin has been 
added 
for 


board level testability. 
A -HIORIVE 
pin can be externally 
strapped 
to pro- 
vide for 12 mA or 24 mA drive to the slot bus. If left 
open, an internal 
pull-up causes 
the drive current 
to 
default 
to 24 mA. This allows systems 
designed 
with 
one to four 
slots 
to select 
a lower 
drive 
level and 


The Bus Controller 
features 
several 
megacells, 
im- 


plemented 
in 1.5-micron 
CMOS 
technology, 
and is 
intended 
to work 
in 386TM SX or 386™ 
OX micro- 
processor-based 
systems 
with CPU clock speeds 
up 
to 33 MHz and bus speeds 
up to 16 MHz. 


82C59A 
82C37A 


OACKOI 
- 


IR03-IR07 
IROO-IR07, 
INTA 
OACK31 


lOR I. IOWI 


INT 
Ao-A7 


°o-~ 
IolEIotR 1.IotEIotW I. 


XOO-X07 
lOR I. IOWI 


Ao 
OROO-OR03. 
CLK 


IROl 
S 
00-07 


IR012 
S 


R 
82C59A 
82C37A 


OACKOI 
- 


IR08-IRO". 
IROO-IR07. 
INTA 
OACK31 


IROI3-IROI5 
IORI.IOWI 
Ao-A7 
INT 
IotEIotR 1.IotEIotW I. 


00-07 
RESET 
lOR I. IOWI 


Ao 


PORT 
60 
OROO-OR03. 
CLK 


IORI 


00-07 


OROO-OR03 


HLOA 
OR04-0R07 
8MHz 


OIotAHRO 
RErRESH 
82C54 
INTA 
COUNTER 


BOSCU 
1.19101 
OUTo.oun 


OUT2 


SPKOAT 
74LS612 
°O-~' 


PORT 
B LOGIC 


Ao-A3, 


IotA3-IotA 


lOW I 
IOWI 


Nlotl. PORT 
70. 


PORT 
B. 


lORN 
lORN 
RESET 


IOCHKN 
IOCHKN 
OIotAICS 


PCKN 
PCKN 


0lotA2CS 


PICICS 


XTALIN 
PIC2CS 


XTALOUT 
TIIotCS 


REAL 
PGREGCS 


PS/RCLRI/ 
TlIotE 
PORT 
70 


IR081 
CLOCK 
PROT 
60 


VBAT 


PORT 
B CS 


287CS 


OACKO 
- 


OACK3 
00-0,5 


inter 


SA6 
DACK2 # 
SA5 
T/C 
SA4 
BALE 
SA3 
SA2 
OSC 
VSSR 
SAI 
SAD 
I.4EI.4CS16# 
SBHE # 
IOCS16# 
LA23 
IRQ10 
LA22 
VDDR 
VSSR 
IR011 
LA21 
IR012 
LA20 
IR015 
LA19 
IR014 
LAIB 
DACKO # 
VSSR 
LA17 
DRCO 
I.4EI.4R# 


DACK5 # 
I.4EI.4W# 


DR06 
DACKB # 


DR08 
DACK7 # 


VSSR 


VSSR 
XTALOUT 
XTALIN 
PS/RCLR #/IR08 
VBAT 
POWERGOOD 
TRII 
HIDRIVE# 
R0I.48# 
PCK# 
IR013 
IROI 
CS8042 
# 


SPKR 
VSSR 
LATH1# 
LATLO# 
XDREAD# 
SDLH/HL 
# 
SDSWAPI 
VOOR 
XDO 
XDI 
XD2 
XD3 
XD4 
XD5 
VSSR 
XD6 
XD7 
oun 
DI.4AHRO 
DI.4AHLDA 
BLKA20# 
BUSCLK 
CHREADY# 
BRDRAI.4, 
EALE# 
CHI.4/IO# 
VSS1 


inter 


Name 
Pin 
Type 
Description 
Number 


CPUINTERFACE 


A25, A24 
43-44 
O-TS 
Address 
Bus-These 
pins are outputs during DMA, master, or 
standard 
refresh modes. They are high impedance 
at all other 
times. A25 and A24 are driven from the alternate 
612 registers 
during DMA and refresh cycles and are driven low during master 
cycles. 


A23-A2 
45-58, 
10-TIL 
Address 
Bus-These 
pins are outputs during DMA, master, or 
61-68 
standard 
refresh modes. They are inputs at all other times. As 
inputs, they are passed to the SA and LA buses and A 15-A2 
are 
used to address 
I/O registers 
internal to the bus control 
chip. As 
outputs, they are driven from different 
so~rces depending 
on 
which mode the Bus Controller 
is in. While in refresh mode, these 
pins are driven from the 612 and refresh address counter. 
While 
in DMA mode, they are driven from the 612 and DMA controller 
subsection. 
If the Bus Controller 
is in master mode, the pins A23- 
A17 are driven from the inputs LA23-LA 
17 and the pins A16-A2 
are driven from the inputs SA16-SA2. 


-BE3 
69 
10-TIL 
Byte Enable 3, active low-This 
pin is an output during DMA, 
master, or standard 
refresh modes. It is an input at all other times. 
As an input in 386DX mode, it is decoded 
along with the other 
byte enable signals to generate 
SA 1, SAO and -SBHE. 
As an 
output in 386DX mode SA 1, SAO, and -SBHE 
are used to 
determine 
the value of -BE3. 
This pin should be left 
unconnected 
when using this part in 286 mode. The pin has an 
internal pull-up. 


-BE2/A1 
70 
10-TIL 
Byte Enable 2, active low, or A 1- 
This pin has a dual function 
depending 
on the state of the 286/ -386DX 
input. If 286/ -386DX 
is high (286 mode), then the pin is treated as address 
bit 1. If 286/ 
-386DX 
is low (386DX mode), the pin is treated 
as -BE2. 
This 
pin is an output during DMA, master, or standard 
refresh modes. 


It is an input at all other times. As an input in 386DX mode, it is 
decoded 
along with the other byte enable signals to generate 
SA 1, SAO, and -SBHE. 
As an output in 386DX mode. SA 1, SAO, 


and -SBHE 
are used to determine 
the value of -BE2. 
When in 
286 mode, it is interpreted 
as address A 1 and passed to SA 1. As 
an output in 286 mode it is driven from the SA 1 input. 


-BE1/-BHE 
71 
10-TIL 
Byte Enable 1 or Byte High Enable, active low-This 
pin has a 
dual function 
depending 
on the state of the 286/-386DX 
input. If 
286/-386DX 
is high (286 mode), then the pin is treated 
as 
-BHE. 
If 286/-386 
is low (386 
mode), 
the 
pin is treated 
as 
-BE1. 
This pin is an output during DMA, master, or standard 
refresh modes. 
It is an input at all other times. As an input in 386 
mode, it is decoded 
along with the other byte enable signals to 
generate 
SA 1, SAO, and -SBHE. 
As an output in 386 mode, 
SA 1, SAO, and 
-SBHE 
are 
used 
to 
determine 
the 
value 
of 
-BE1. 
When in 286 mode, it is interpreted 
as -BHE 
and passed 
to -SBHE. 
As an output in 286 mode, it is driven from the- 
SBHE input. 


inter 


Name 
Pin 
Type 
Description 
Number 


CPU INTERFACE 
(Continued) 


-BEO/AO 
72 
10-TTL 
Byte Enable 0, active low, or AD- 
This pin has a dual function 
depending 
on the state of the 286/-386DX 
input. If 
286/-386DX 
is high (286 mode), then the pin is treated 
as 
address bit O. If 286/-386DX 
is low (386 mode), the pin is treated 
as -BEO. 
This pin is an output during DMA, master, or standard 
refresh modes. It is an input at all other times. As an input in 386 
mode, it is decoded 
along with the other Byte Enable signals to 
generate 
SA 1, SAO, and -SBHE. 
As an output in 386 mode, SA 1, 


SAO, and -SBHE 
are used to determine 
the value of -BEO. 


When in 286 mode, it is interpreted 
as AO and passed to SAO. As 
an output in 286 mode, it is driven from the SAO input. 


286/-386DX 
73 
I-TPU 
CPU is 286 or 386DX- 
This pin defines the type of address 
bus to 


which the bus controller 
chip is interfaced. 
If the pin is tied high, 


the address 
bus is assumed 
to be emulating 
286 signals. In this 
mode, A25, A24, and -BE3 
would be left unconnected. 
The pins 
-BE2/ 
A 1, -BE1 
/-BHE 
and -BEO/ 
AO would take on the 286 
functions. 
If the pin is tied low, A25, A24 can be used to generate 
up to 64 Mbyte addressing 
for DMA, and the byte enable pins will 
take on the normal 386DX addressing 
functions. 
This pin has an 
internal 
pull-up to cause the chip to default to 286 mode if left 
unconnected. 
This pin is a hard wiring option and must not be 
changed 
dynamically 
during operation. 
When strapped 
for 286 
mode, the Bus Controller 
is assumed 
to be interfaced 
to the 
82343 System Controller 
which in turn may be strapped 
for 286 or 
386SX operation. 
The 82344 is strapped 
for 286 operation 
when 
used with the 82343 strapped 
for 386SX operation. 


HLDA 
74 
I-TTL 
Hold Acknowledge- 
This is the hold acknowledge 
pin directly 
from the CPU. It is used to control 
direction 
on address and 
command 
pins. When HLDA is low, the Bus Controller 
is defined 
as being in the CPU mode. In the CPU mode, the local address 
bus (A bus) pins are inputs. The system address bus (SA and LA) 
pins along with the command 
pins (-MEMR, 
-MEMW, 
-lOR 
and -lOW) 
are outputs. When HLDA is high, the Bus Controller 


- 
can be in DMA, refresh, or master modes. 
In both DMA and 
refresh modes, the commands 
and all address 
buses (A, SA and 
LA) are outputs. 
In master mode, the commands 
and system 
address bus (SA and LA) pins are inputs and the local address 


I 
bus (A bus) pins are outputs. The SA bus is passed directly to the 
A bus except bits 17, 18, and 19 are ignored. 
LA23- 
LA 17 is 
passed directly to A23 - A 17. 


INTR 
75 
0 
Interrupt 
Request-INTR 
is used to interrupt the CPU and is 
generated 
by the 8259 megacells 
any time a valid interrupt 
request input is received. 


NMI 
76 
0 
Non-Maskable 
Interrupt-This 
output is used to drive the NMI 
input to the CPU. This signal is asserted 
by either a parity error 
(indicated 
by -PCK 
being asserted 
after the ENPARCK 
bit in Port 
B has been asserted), 
or an I/O channel 
error (indicated 
by 
-IOCHCK 
being asserted 
after the ENIOCK bit in Port B has 
been asserted). 
The NMI output is enabled 
by writing a 0 to bit D7 


of I/O port 70h. NMI is disabled 
on reset. 


inter 


Name 
Pin 
Type 
Description 
Number 


SYSTEM 
CONTROLLER 
INTERFACE 


-CHSO/-MW 
77 
10-TTL 
Channel 
Status 0 or active low Memory Write- 
This input is used 
along with -CHS1 
and CHM/-IO 
to determine 
what type of 
bus cycle the Bus Controller 
is to perform. 
This input has the 
same meaning and timing requirements 
as the SO signal for a 
286 microprocessor. 
-CHSO 
going active indicates 
a write cycle 
unless -CHS1 
is also active. When both status inputs are active 
it indicates 
an interrupt 
acknowledge 
cycle. This input is 
synchronized 
to the BUSCLK input. Activation 
of CPUHLDA 
reverses this signal to become 
an output to the System 
Controller. 
It is then a -MEMW 
signal for DMA or bus master 
access to system memory. 


-CHS1/-MR 
78 
10-TTL 
Channel 
Status 1 or active low Memory 
Read-This 
input is 
used along with -CHSO 
and CHM/-IO 
to determine 
the bus 
cycle type. This input has the same meaning and timing 
requirements 
as the S1 signal for a 286 microprocessor 
-CHS1 
going active indicates 
a read cycle unless -CHSO 
is also active. 


When both status inputs are active it indicates 
an interrupt 
acknowledge 
cycle. This input is synchronized 
to the BUSCLK 
input. Activation 
of CPUHLDA 
reverses 
this signal to become 
an 
output to the System Controller. 
It is then a -MEMR 
signal for 
DMA or bus master access to system memory. 


CHM/-IO 
82 
I-TTL 
Channel 
Memory or active low I/O select-This 
input is used 
along with -CHSO 
and -CHS1 
to determine 
the bus cycle type. 


This input has the same meaning and timing requirements 
as the 
M/-IO 
signal for a 286 microprocessor. 
CHM/-IO 
is sampled 
anytime -CHSO 
or -CHS1 
is active. If sampled 
high, it 
indicates 
a memory read or write cycle. If sampled 
low, an I/O 
read or write cycle should be executed. 
This input is 
synchronized 
to the BUSCLK input. 


-EALE 
83 
I-TTL 
Early Address 
Latch Enable, active low-This 
input is used to 
latch the A25-A2 
and Byte Enable signals. The latches 
are 
open when -EALE 
is low and hold their value when -EALE 
is 
high. The latched addresses 
are fed directly to the LA23-LA17 
bus to provide 
more address setup time on the bus before a 
command 
goes active. The lower latched addresses 
are latched 
again with an internal ALE signal as soon as -CHSO 
or -CHS1 
is sampled 
active and fed to the SA 19-5AO 
and -SBHE 
outputs. 
In a 386DX system, this input is connected 
directly to 
the -ADS 
output from the CPU. In a 286 system, this input is 
connected 
to the -EALE 
output from the 82343 System 
Controller. 


-BRDRAM 
84 
I-TTL 
On-board 
DRAM, active low-An 
input from the System 
Controller 
indicating 
that the on-board 
DRAM is being 
addressed. 


Name 
Pin 
Type 
Description 
Number 


SYSTEM 
CONTROLLER 
INTERFACE 
(Continued) 


-CHREADY 
85 
0 
Channel 
Ready, active low-This 
output is maintained 
in the 
active state when no bus accesses 
are active. This indicates 
that 
the Bus Controller 
is ready to accept a new command. 
During 
normal bus accesses, 
-CHREADY 
is negated 
as soon as a valid 
bus requested 
is sampled 
on the -CHSO 
and -CHS1 
inputs. It is 
asserted 
again to indicate that the Bus Controller 
is ready to 
complete 
the current cycle. The bus command 
signals are then 
terminated 
on the next falling edge of the BUSCLK input. 


BUSCLK 
86 
I-CMOS 
Bus Clock-This 
is the main clock input for the Bus Controller. 
It 
runs at twice the frequency 
desired for the SYSCLK output. All 
inputs are synchronous 
with the falling edge of this input. 


-BLKA20 
87 
I-TIL 
Block A20, active low-This 
input is used while CPUHLDA 
is low 
to force the LA20 and SA20 outputs 
low anytime it is active. When 
-BLKA20 
is negated 
LA20 and SA20 are generated 
from A20. 


DMAHRQ 
89 
0 
Hold Request-This 
output is generated 
by the DMA controller 
any time a valid DMA request is received. 
It is connected 
to the 
DMAHRQ 
pin on the System Controller. 


DMAHLDA 
88 
I-TIL 
DMA Hold Acknowledge-An 
input from the System Controller 
which indicates 
that the current hold acknowledge 
state is for the 
DMA controller 
or other bus master. 


OUT1 
90 
0 
Output 
1-lndicates 
a refresh request to the System Controller. 


This is the 15 )Josoutput of timer channel 
1. 


ROM INTERFACE 


-ROM8 
112 
I-TPU 
8/16 
bit ROM select-This 
input indicates 
the width of the ROM 
BIOS. If -ROM8 
is low, the Bus Controller 
chip generates 
8- to 
16-bit conversions 
for ROM accesses. 
Data buffer controls 
are 
generated 
assuming 
the ROM is on the MD bus. If -ROM8 
is 
high, data buffer controls 
are generated 
assuming 
16-bit wide 
ROMs are on the MD bus. 


BUS INTERFACE 


-lOR 
134 
10-TIL 
I/O Read, active low-This 
signal is an input when CPUHLDA 
is 
high and -MASTER 
is low. It is an output at all other times. When 
CPUHLDA 
is low, -lOR 
is driven from the 288 bus controller 
megacell. 
When CPUHLDA 
is high and -MASTER 
is high, it is 
driven by the 8237 DMA controller 
megacells. 
This pin requires an 
external 
10 Kfl pull-up resistor. 


-lOW 
132 
10-TIL 
I/O Write, active low-This 
signal is an input when CPUHLDA 
is 
high and -MASTER 
is low. It is an output at all other times. When 
CPUHLDA 
is low, -lOW 
is driven from the 288 bus controller 
megacell. 
When CPUHLDA 
is high and -MASTER 
is high, it is 
driven by the 8237 DMA controller 
megacells. 
This pin requires an 
external 
10 Kfl pull-up resistor. 


inter 


Name 
Pin 
Type 
Description 
Number 


BUS INTERFACE 
(Continued) 
, 


-MEMR 
33 
IO-TTL 
Memory 
Read, active low-This 
signal is an input when 
CPUHLDA 
is high and -MASTER 
is low. It is an output at all 
other times. When CPUHLDA 
is low, -MEMR 
is driven from 
the 288 bus controller 
megacell. 
When CPUHLDA 
is high and 
-MASTER 
is high, it is driven by the 8237 DMA controller 
megacells. 
This signal does not pulse low for DMA addresses 
above 16 Mbytes. 
DMA above 16 Mbytes is only performed 
to 
the system board, never to the slot bus. This pin requires an 
external 
10 KO pull-up resistor. 


-MEMW 
35 
IO-TTL 
Memory Write, active low-This 
signal is an input when 
CPUHLDA 
is high and -MASTER 
is low. It is an output at all 
other times. When CPUHLDA 
is low, -MEMW 
is driven from 
the 288 bus controller 
megacell. 
When CPUHLDA 
is high and 
-MASTER 
is high, it is driven by the 8237 DMA controller 
megacells. 
This pin requires an external 
10 KO pull-up 
resistor. 


-SMEMR 
129 
IO-TTL 
Memory 
Read, active low-This 
signal is an input when 
CPUHLDA 
is high and -MASTER 
is low. It is an output at all 
other times. When CPUHLDA 
is low, -MEMR 
is driven from 
the 288 bus controller 
megacell. 
When CPUHLDA 
is high and 
-MASTER 
is high, it is driven by the 8237 DMA controller 
megacells. 
-SMEMR 
is active on memory read cycles to 
addresses 
below 1 Mbyte. This pin requires an external 
10 KO 
pull-up resistor. 


-5MEMW 
127 
IO-TTL 
Memory Write, active low-This 
signal is an input when 
CPUHLDA 
is high and -MASTER 
is low. It is an output at all 
other times. When CPUHLDA 
is low, -MEMW 
is driven from 
the 288 bus controller 
megacell. 
When CPUHLDA 
is high and 
-MASTER 
is high, it is driven by the 8237 DMA controller 
megacells. 
-SMEMW 
is active on memory write cycles to 
addresses 
below 1 Mbyte. This pin requires an external 
10 KO 
pull-up resistor. 


LA23-LA17 
16,18,22,24, 
IO-TTL 
Latchable 
Address 
bus-This 
bus in an input when CPUHLDA 
26,28,31 
is high and -MASTER 
is low. It is an output bus at all other 
times. When CPUHLDA 
is low, the LA bus is driven by the 
latched values for the A bus. When CPUHLDA 
is high and 


, 
-MASTER 
is high, the SA bus is driven by the 612 memory 
mapper for DMA cycles and normal refresh. The LA bus is 
latched 
internally 
with the -EAI£ 
input. 


SA19-SAO 
131,133,135, 
IO-TTL 
System Address 
bus-This 
bus is an input when CPUHLDA 
is 
137,141,143, 
high and -MASTER 
is low. It is an output bus at all other 
145,147,149, 
times. When CPUHLDA 
is low, the SA bus is driven by the 


152,154,156, 
latched values from the A bus. When CPUHLDA 
is high and 


158,1,3,5,7, 
-MASTER 
is high, the SA bus is driven by the 8237 DMA 


8,11,12 
controller 
megacells 
or refresh address generator. 
The SA 
bus will become 
valid in the middle of the status cycle 
generated 
by the -CHSO 
and -CHS1 
inputs. They are 
latched with an internally 
generated 
ALE signal. 


Name 
Pin 
Type 
Description 
Number 


BUS INTERFACE 
(Continued) 


-5BHE 
14 
10-TIL 
System Byte High Enable, active low-This 
pin is controlled 
the 
same way as the SA bus. It is generated 
from a decode 
of the 
-BE 
inputs in CPU mode. It is forced low for 16-bit DMA cycles 
and forced to the opposite 
value of SAO for 8-bit DMA cycles. 


-REFRESH 
146 
IT-OD 
Refresh signal, active low-This 
I/O signal is pulled low whenever 
a decoupled 
refresh command 
is received 
from the System 
Controller. 
It is used as an input to sense refresh requests 
from 
external 
sources such as the System Controller 
for coupled 
refesh 
cycles or bus masters. 
It is used internally 
to clock the refresh 
address counter 
and select a location 
in the memory 
mapper 
which drives A23-A17. 
-REFRESH 
is an open drain output 
capable 
of sinking 24 mA and requires an external 
pull-up resistor. 


SYSCLK 
148 
0 
System Clock-This 
output is half the frequency 
of the BUSCLK 
input. The bus control 
outputs 
BALE and the -lOR, 
-lOW, 
-MEMR 
and -MEMW 
are synchronized 
to SYSCLK. 


OSC 
9 
I-TIL 
Oscillator-This 
is the buffered 
input of the external 
14.318 MHz 
oscillator. 


RSTDRV 
122 
0 
Reset Drive, active high-This 
output is a system reset generated 
from the POWERGOOD 
input. RSTDRV 
is synchronized 
to the 
BUSCLK input. 


BALE 
6 
0 
Buffered 
Address 
Latch Enable, active high-A 
pulse which is 
generated 
at the beginning 
of any bus cycle initiated from the 
CPU. BALE is forced 
high anytime CPUHLDA 
is high. 


AEN 
128 
0 
Address 
Enable- 
This output goes high anytime the inputs 
CPUHLDA 
and -MASTER 
are both high. 


T/C 
4 
0 
Terminal 
Count-This 
output indicates 
that one of the DMA 
channels 
terminal count has been reached. 
This signal directly 
drives the system bus. 


-DACK7- 
39,37, 
0 
DMA Acknowledge, 
active low-These 
outputs are the 
-DACK5, 
34,136, 
acknowledge 
signals for the corresponding 
DMA requests. 
The 


-DACK3- 
2,142, 
active polarity of these lines is set active low on reset. Since the 


-DACKO 
29 
8237 megacells 
are internally 
cascaded 
together, 
the polarity of 
the -DACK 
signals must not be changed. 
This signal directly 
drives the system bus. 


DRQ7-DRQ5 
41,38, 
I-TSPU 
DMA Request-These 
asynchronous 
inputs are used by an 
DRQ3-DRQO 
36,138, 
external 
device to indicate when they need service from the 
124, 
internal 
DMA controllers. 
DRQO-DRQ3 
are used for transfers 
144,32 
from 8-bit I/O adapters 
to/from 
system memory. 
DRQ5-DRQ7 
are used for transfers 
from 16-bit I/O adapters 
to/from 
system 
memory. 
DRQ4 is not available 
externally 
as it is used to cascade 
the two DMA controllers 
together. 
All DRQ pins have internal 
pull- 
ups. 


inter 


Name 
Pin 
Type 
Description 
Number 


BUS INTERFACE 
(Continued) 


IR015-IR09, 
25,27, 
I-TPSU 
Internal Request-These 
are the asynchronous 
interrupt 
IR07-IR03, 
110,23, 
request inputs for the 8259 megacells. 
IROO, IR02, and IR08 


IR01 
21,17, 
are not available 
as external 
inputs to the chip, but are used 
123,151, 
internally. 
IROO is connected 
to the output of the 8254 counter 
153,155, 
O. IR02 
is used to cascade 
the two 8259 megacells 
together. 


157,159, 
IR08 
is output from the RTC megacell 
to the 8259 megacell. 
All 
109 
IRO input pins are active high and have internal 
pull-ups. 


-MASTER 
42 
I-TTL 
Master, active low-This 
input is used by an external 
device to 
disable the internal 
DMA controllers 
and get access to the 
system bus. When asserted 
it indicates 
that an external 
bus 
master has control 
of the bus. 


-MEMCS16 
13 
I-TTL 
Memory Chip Select 16-bit- 
ThiS input is used to determine 
when a 16-bit to 8-bit conversion 
is needed for CPU accesses. 


A 16 to 8 conversion 
is done anytime the System Controller 
requests 
a 16-bit memory cycle and -MEMCS16 
is sampled 
high. 


-IOCS16 
15 
I-TTL 
I/O Chip Select 
16-bit- 
This input is used to determine 
when a 
16-bit to 8-bit conversion 
is needed for CPU accesses. 
A 16 to 8 
conversion 
is done anytime the System Controller 
requests 
a 
16-bit I/O cycle and -IOCS16 
is sampled 
high. 


-IOCHK 
121 
I-TTL 
I/O Channel 
Check, active low-This 
input is used to indicate 
that an error has taken place on the I/O bus. If I/O checking 
is 
enabled, 
an -IOCHK 
assertion 
by a peripheral 
device 
generates 
an NMI to the processor. 
The state of the -IOCHK 
signal is read as data bit D6 of the Port B register. 


10CHRDY 
126 
I-TTL 
I/O Channel 
Ready-This 
input is pulled low in order to extend 
the read or write cycles of any bus access when required. The 
cycle can be initiated by the CPU, DMA controllers 
or refresh 
controller. 
The default 
number of wait states for cycles intiated 
by the CPU are four wait states for 8-bit peripherals, 
one wait 
state for 16-bit peripherals 
and three wait states for ROM 
cycles. One DMA wait state is inserted as the default for all 
DMA cycles. Any peripheral 
that cannot 
present 
read data, or 
strobe-in 
write data in this amount of time must use -IOCHRDY 


to extend these cycles. 


-WSO 
125 
I-TTL 
Wait State 0, active low-This 
input is pulled low by a peripheral 


on the S bus to terminate 
a CPU controlled 
bus cycle earlier 
than the default values defined 
internally 
on the chip. 


POWERGOOD 
115 
I-TSPU 
System power on reset-This 
input signals that power to the 
board is stable. A Schmitt-trigger 
input is used. This allows the 
input to be connected 
directly to an RC network. 


PERIPHERAL 
INTERFACE 


-CS8042 
108 
0 
Chip select for 8042. This output is active any time an SA 
address 
is decoded 
at 60h or 64h. It is intended 
to be 
connected 
to the chip select of the keyboard 
controller. 
If 
BUSCTL[6] 
= 1, this pin is also active for RTC accesses 
at 70h 
and 71 h. This is for use when the internal 
RTC is disabled 
and 
an external 
RTC is used. 


•• 


Name 
Pin 
Type 
Description 
Number 


PERIPHERAL 
INTERFACE 
(Continued) 


XTALIN 
118 
I-CMOS 
Crystal Input-An 
internal oscillator 
input for the real time clock 
crystal. It requires a 32.768 KHz external 
crystal or stand-alone 
oscillator. 


XTALOUT 
119 
0 
Crystal Output-An 
internal oscillator 
output for the real time 
clock crystal. See XTALIN. This pin is a no connect 
when an 
external 
oscillator 
is used. 


PS/-RCLR/ 
117 
I-TSPU 
The Power Sense input (active high) is used to reset the status of 
IR08 
the Valid RAM and Time (VRT) bit. This bit is used to indicate 
that 
the power has failed, and that the contents 
of the RTC may not be 
valid. This pin is connected 
to an external 
RC network. 
When 
BUSCTL[6] 
= 1, this pin becomes 
-IR08 
input for use with an 
external 
RTC. 


VBAT 
116 
I 
Voltage 
Battery-Connected 
to the RTC hold-up battery between 
2.4 and 5V. 


SPKR 
107 
0 
Speaker-This 
output drives an externally 
buffered 
speaker. This 
signal is created 
by gating the output of timer 2. Bit 1 of Port B, 
61 H, is used to enable the speaker output, and bit 0 is used to 
gate the output timer. 


DATA BUFFER 
INTERFACE 


XD7-XDO 
91,92, 
10-TTL 
Peripheral 
data bus-The 
bidirectional 
X data bus outputs data on 
94-99 
an INTA cycle or I/O read cycle to any valid address within the 
Bus Controller. 
It is configured 
as an input at all other times. 


-SDSWAP 
101 
0 
System Data Swap, active low during some 8-bit accesses-It 
indicates 
that the data on the SO bus must be swapped 
from low 
byte to high byte or vice versa depending 
on the state of the 
SDLH/-HL 
pin. -SDSWAP 
is active for 8-bit DMA cycles when 
an odd address access occurs for data more than one byte wide. 
For non-OM A accesses. 
-SDSWAP 
is active for any bus cycle to 
an 8-bit peripheral 
that is addressing 
the odd byte. 


SDLH/-HL 
102 
0 
System 
Data Low to High, or High to Low-This 
signal is used to 
determine 
which direction 
data bytes must be swapped 
when 
-SDSWAP 
is active. When SDLH/-HL 
is high, it indicates 
that 
data on the low byte must be transferred 
to the high byte. When 
SDLH/-HL 
is low, it indicates 
that data on the high byte must be 
transferred 
to the low byte. SDLH/-HL 
is low for 8-bit DMA 
memory 
read cycles. For non-DMA 
accesses, 
SDLH/-HL 
is low 
for any memory write or I/O write when -SBHE 
is low. 


SDLH/-HL 
is high at all other times. 


-XDREAD 
103 
0 
Peripheral 
Data Read-This 
output is active low any time an INT A 
cycle occurs or an I/O read occurs to the address 
space from 
OOOOhto OOFFh, which is defined 
as being resident on the 
peripheral 
bus. 


inter 


Name 
Pin 
Type 
Description 
Number 


DATA BUFFER 
INTERFACE 
(Continued) 


-LATLO 
104 
0 
Latch Low byte- 
This output is generated 
for all I/O read and 


memory read bus accesses 
to the low byte. It is active with the same 
timing as the read command 
and returns high at the same time as the 
read command. 
This signal latches the data into the data buffer chip 
so that it can be presented 
to the CPU at a later time. This step is 
required due to the asynchronous 
interface 
between 
the System 
Controller 
and Bus Controller. 


-LATH 
I 
105 
0 
Latch High byte- 
This output is generated 
for all I/O read and 


memory read bus accesses 
to the high byte. It is active with the same 
timing as the read command 
and returns high at the same time as the 
read command. 
This signal latches the data into the data buffer chip 
so that it can be presented 
to the CPU at a later time. This step is 
required due to the asynchronous 
interface 
between 
the System 
Controller 
and Bus Controller. 


-PCK 
111 
I-TPU 
Party Check input, active low with pull-up-Indicates 
that a parity 
error has occurred 
in the on-board 
memory array. Assertion 
of this 
signal (if enabled) 
generates 
an NMI to the processor. 
The state of 
the -PCK 
signal is read as data bit 07 of the Port B register. 


-HIDRIVE 
113 
I-TPU 
High Drive Enable- 
This pin is a wire strap option. When this input is 
low, all bus drivers defined with an 10L spec of 24 mA will sink the full 
24 mA of current. When this input is high, all pins defined 
as 24 mA 
have the output low drive capability 
cut in half to 12 mA. Note that all 
AC specifications 
are done with the outputs in the high drive mode 
and a 200 pF capacitive 
load -HIDRIVE 
has an internal 
pull-up and 
can be left unconnected 
if 12 mA drive is desired. 
It is tied low if 
24 mA drive is desired. 


TEST MODE PIN 


-TRI 
114 
I-TPU 
Three-state- 
This pin is used to control 
the three-state 
drive of all 
outputs and bidirectional 
pins on the chip. If this pin is pulled low, all 
pins on the chip except XT ALOUT are in a high impedance 
mode. 


This is useful during system test when test equipment 
or other chips 
drive the signals or for hardware 
fault tolerant 
applications. 
- 
TRI has 
an internal pull-up. 


POWER AND GROUND 
PINS 
The power connections 
are split into an internal 
supply for the core-logic, 
and a pad-ring supply for the I/O 
drivers. Each supply should be individually 
bypassed 
wih decoupling 
capacitors. 


VDDR 
19,59, 
PWR 
Pad-ring power connection, 
nominally + 5V. These pins along with 
100,139 
the VSSR pins should be separately 
bypassed. 


VSSR 
10,20, 
GND 
Pad-ring ground connection, 
nominally 
OV. These pins along with the 
30,40, 
VDDR pins should be separately 
bypassed. 


60,80, 
93,106, 
120,130, 
140,150, 


160 


VDDI 
79 
PWR 
Internal core-logic 
power connection, 
nominally + 5V. This pin along 
with the VSSI pin should be separately 
bypassed. 


VSSI 
81 
GND 
Internal core-logic 
ground connection, 
nominally 
OV. This pin along 
with the VDDI pin should be separately 
bypassed. 


Signal 
Code 
Signal Type 


I-TTL 
TTL Level Input 


I-TPD 
Input with 30 Kfl Pull-Down 
Resistor 


I-TPU 
Input with 30 Kfl Pull-Up Resistor 


I-TSPU 
Schmitt-Trigger 
Input with 30 Kfl Pull-Up Resistor 


I-CMOS 
CMOS Level Input 


10-TTL 
TTL LevellnputiOutput 


IT-OD 
TTL LevellnputiOpen 
Drain Output 
I 


10-00 
Input or Open Drain, Slow Turn On 


0 
CMOS and TTL Level Compatible 
Output 


O·TTL 
TTL Level Output 


O-TS 
Three-State 
Level Output 


11 
Input used for Testing 
Purposes 


GND 
Ground 


PWR 
Power 


The 
82345 
Data 
Buffer 
is part of a custom, 
three 
chip 
set which 
allows 
extremely 
high performance 
and 
integration 
in 386TM OX processor 
based, 
• PC/AT-compatible, 
personal 
computer 
designs. 
When 
used with 
the 82346 
System 
Controller 
and the 82344 
ISA Bus Controller, 
the set is called the 82340DX 
chip set. 


The 82345 
performs 
all of the data buffering 
functions 
required 
for a 386TM OX-based 
PC/AT -type system. 


Under the control 
of the CPU, the data buffer chip routes data to and from the CPU bus, the MD bus, the XD 
bus, and the slots (SO bus). For an on-board 
DRAM 
read, the data is latched 
in the MD latch allowing 
the 
82346 System Controller 
to be programmed 
for early CAS terminations. 
The parity is checked 
for MD bus read 
operations 
and any errors are reported 
during the next read cycle. When reading from ROM, the XD bus or the 
SO bus, the data can be converted 
from 8-bits wide to 16-, 24- or 32-bits wide or from 16 bits to 32 bits at the 
16/32 
latch. 
The 
data 
is latched 
with 
LATLO# 
and 
LATHI# 
for synchronization 
with the CPU. The 
data 
conversion 
is accomplished 
without 
the use of the bus size 16 (BS16#) 
input to the 386DX 
allowing 
it to 
remain 
in pipelined 
mode. 


CPU writes to any of the three buses are accomplished 
in several 
different 
ways. The 82345 supports 
posted 
writes from a cache controller 
or non-posted 
writes to the MD bus. Parity is generated 
for all data written to the 
MD bus. The 82345 provides 
the data conversion 
necessary 
for 32- or 16-bit writes to 16- or 8-bit devices 
on 
the XD or SO buses. 


5015-500 
XD 


A 
BUS 
031-00 
"UX 


031-00 
M031-WDO 
XD7-XDO 


XD7-XDO 


SOlS-SDO 
SD 
PAR3- 
B 
BUS 


PARD 
031-00 
"UX 


5031 .•.S00 


101031-10400 


lBE3- 


LBEO 


lr.4DLATI 
XD7-XDO 
"D 


A 
BUS 


SD1S-SDO 
"UX 
DUT 


TRANSCEIVER 
031-00 
IN 
M031-MDO 


386TM is a trademark 
of Intel Corporation. 


'PC 
AT is a trademark 
of International 
Business 
Machines 
Corporation. 


In non-cached 
systems, 
system board DRAM can be 
placed 
on either the MD bus or the CPU's 0 bus. In 
slower 
systems 
(~ 
16 MHz) true zero wait state op- 
eration is possible 
with available 
60 ns DRAMs when 
the 
0 bus is used. 
This 
is due to the extra timing 
margin available 
when the MD bus delay through the 
82345 is removed 
from the critical 
path. Faster non- 
cached 
systems 
can come 
close to zero wait state 
performance 
using 
80 
ns to 
100 
ns DRAMs 
and 
page mode interleaving. 
This requires 
an even num- 
ber of DRAM banks. 


Under 
the 
control 
of 
DMA 
or a bus 
master, 
the 
82345 will allow 8- or 16-bit data to be routed to and 
from 
the 
XD and the 
MD buses. 
The 
chip 
also 
is 
capable 
of performing 
high to low and low to high 
byte swaps 
on the SO bus. For transfers 
between 
two peripherals 
on the slot bus, the outputs 
of the 
82345 
will be disabled. 
The chip also provides 
the 
feature 
of a single 
input, TRI #, to disable 
all of its 
outputs 
for board level testability. 


VOOR 


HLOA 


LBE3 


LBE2 


LBE! 


LBED 


PARERROR# 


LATHI# 


LATLO# 


XDREAD# 


SDSWAP# 


SDLH/HL# 


SA1 


tolDLAT# 


RAtolW# 


VOOI 


HIDRIVE# 


BRDRAtol# 


ROtolCS# 


DEN# 


CPSLWRC 


CACHE# 


PAR3 


PAR2 


PAR1 


PARO 


tolDO 


tolD1 


tolD2 


tolD3 


tolD4 


tolDS 


inter 


Signal 
Pin 
Signal 
Signal Description 
Name 
Number 
Type 


CPUINTERFACE 


HLDA 
2 
I-TTL 
CPU HOLD ACKNOWLEDGE, 
ACTIVE 
HIGH: This is the hold 
acknowledge 
pin directly from the CPU. It indicates 
the CPU has given 
up the bus for either a DMA master or a slot bus master. 
It is used in 
the steering logic to determine 
data routing. 


031-00 
96-82, 
I/O-TTL 
CPU DATA BUS: This is the data bus directly connected 
to the CPU. It 
79-66, 
is also referred to as the local data bus. This bus is output enabled 
by 


64-62 
the DEN # signal. 


CACHE INTERFACE 


CPST_WRC 
21 
I-TPU 
POSTED CACHE WRITE 
CLOCK: This clock signal is driven by the 
cache controller 
and is needed to latch the write data during a posted 
cache write cycle. The data is latched on the rising edge of this signal. 
The latch inside of the Data Buffer is bypassed 
if the CACHE # input is 
high. Also, when CACHE # is high, the state of CPST _WRC 
determines 
on which bus (0 or MD) system DRAM is accessed. 
When 
high, DRAM is accessed 
on the 0 bus. When low, DRAM is accessed 
on the MD bus. This pin is pulled up internally. 


CACHE# 
22 
I-TPU 
CACHE ENABLE, ACTIVE 
LOW: This signal is used to enable the 
cache posted write register. When there is not a cache in the system, 
data bypasses 
the register. When CACHE# 
is inactive 
(high) the state 
of the CPST _WRC 
pin determines 
whether 
the system 
DRAM is on 
the CPU's 0 bus or on the MD bus. This pin is pulled up internally. 


SYSTEM 
CONTROLLER 
INTERFACE 


MDLAT# 
14 
I-TTL 
MEMORY 
DATA LATCH: This latching 
signal serves two purposes 
simultaneously 
and is only activated 
during on-board 
memory 
read 
and write cycles. As a memory data latch, this transparent 
low signal 
allows read data to flow through to the CPU's local bus. It follows 
CAS# 
on early CAS# 
high read cycles and on the positive going 
edge, latches the memory data and holds it for the CPU to sample. 
As 


. 
a parity clock, it clocks out PARERROR 
# on its falling edge an on the 
rising edge it latches the parity bits (PAR3-PARO), 
the byte enables 
(LBE3-LBEO) 
and the memory data for parity error processing. 
Any 
parity errors will be reported 
on the next read cycle. It is the negative 
NOR of all CAS # signals gated by W / R # . 


RAMW# 
15 
I-TTL 
RAM WRITE, 
ACTIVE 
LOW: This signal is supplied 
by the System 
Controller 
to indicate 
to the Bus Controller 
that an on-board 
memory 
write cycle is occurring. 
It is used internally 
to direct the parity logic 
and to enable the MD bus outputs. 


ROMCS# 
19 
I-TTL 
ROM CHIP SELECT: This signal tells the Data Buffer when the ROM 
is to be accessed 
so that it can latch the data and convert 
it from 16 or 
8 bits to 32 bits. This signal is driven by the System Controller. 


BRDRAM# 
18 
I-TTL 
BOARD MEMORY 
SELECTED, 
ACTIVE 
LOW: This signal is driven 
by the System Controller 
and indicates 
when on-board 
DRAM is being 
accessed. 


Signal 
Pin 
Signal 
Signal Description 
Name 
Number 
Type 


SYSTEM 
CONTROLLER 
INTERFACE 
(Continued) 


DEN# 
20 
l-TIL 
DATA ENABLE, ACTIVE 
LOW: This is a control 
signal generated 
by the System Controller. 
It is used to enable data transfers 
on the 
local data bus and as an output enable for the D bus. 


LBE3-LBEO 
3-6 
I-TIL 
LATCH BYTE ENABLES 
3 THROUGH 
0: These signals are driven 
by the System Controller. 
They are used internally 
to enable the 
appropriate 
bytes (in a 4 byte wide memory configuration) 
for parity 
generation 
and checking. 


PARERROR# 
7 
0 
PARITY 
ERROR, ACTIVE 
LOW: This signal is the result of a parity 
check on the appropriate 
bytes being read from memory. 
It is 
generated 
on the falling edge of MDLA T #. 


BUS CONTROLLER 
INTERFACE 


SA1 
13 
I-TIL 
SYSTEM 
ADDRESS 
BUS BIT 1: This input will be driven by the Bus 
Controller 
or by the Controlling 
DMA or bus master. This signal is 
used for 16- to 32-bit conversion. 
When low, this signal indicates 
the low word is to be used. 


SDLH/HL# 
12 
I-TIL 
SYSTEM 
DATA BUS LOW TO HIGH/HIGH 
TO LOW SWAP: This 
signal is driven by the Bus Controller. 
It is used to establish 
the 
direction 
of byte swaps. (Similar to DIR245 in the existing PC/ AT- 
type chip sets). 


SDSWAP# 
11 
I-TIL 
SYSTEM 
DATA BUS BYTE SWAP ENABLE, 
ACTIVE 
LOW: This 
signal is driven by the Bus Controller. 
It is the qualifying 
signal 
needed for SDLH/HL 
#. (It was formerly 
named GATE245 
on the 
existing PC/ AT-type chip sets). 


XDREAD# 
10 
I-TIL 
PERIPHERAL 
DATA BUS (XD BUS) READ, ACTIVE 
LOW: This 
signal is driven by the Bus Controller 
and it determines 
the direction 
of the XD bus data flow. (It is analogous 
to the XDATADIR 
control 
pin on the existing PC/AT-type 
chip sets). When this signal is high, 


the XD Bus is output enabled. 


LATH I# 
8 
l-TIL 
SO BUS HIGH BYTE LATCH: This signal is needed to latch the SD 
bus' high byte to the local data bus until the CPU is ready to sample 
the bus. When SA1 is low, the high byte is latched 
into both the one 
byte and the three byte of the 16/32 
latch. When SA 1 is high, the 
high byte is only latched into the three byte. This signal is driven by 
the Bus Controller. 


LATLO# 
9 
l-TIL 
SO BUS LOW BYTE LATCH: This signal is needed to latch the SD 
bus' low byte to the local data bus until the CPU is ready to sample 
the bus. When SA1 is low, the low byte is latched 
into both the zero 
byte and the two byte of the 16/32 
latch. When SA 1 is high, the 
high byte is only latched into the two byte. This signal is driven by 
the Bus Controller. 


BUFFER 
INTERFACE 


MD31-MDO 
61-50, 
1I0-TIL 
MEMORY 
DATA BUS: This bus connects 
to the on-board 
DRAM 
47-34, 
and BIOS ROM. It is used to transfer 
data to/from 
memory during 
32-27 
memory write/read 
bus cycles. 


SD15-SDO 
117 -115, 
1I0-TTL 
SYSTEM 
DATA BUS: This bus connects 
directly to the slots. It is 
103-109, 
used to transfer 
data to/from 
local and system devices. 


106-102, 
100-98 


intJ 


Signal 
Pin 
Signal 
Signal 
Description 
Name 
Number 
Type 


BUFFER 
INTERFACE 
(Continued) 


XD7-XDO 
126-123 
I/O-TTL 
PERIPHERAL 
DATA BUS: This bus is connected 
to the Bus 


121-118 
Controller 
and the System Controller. 
These I/O's 
are used to 
read and write to on-board 
8-bit peripherals. 


PAR3-PARO 
23-26 
I/O-TTL 
PARITY 
BIT BYTES 3 THROUGH 
0: These bits are generated 
by the parity generation 
circuitry 
located on the Data Buffer chip. 


They are written to memory along with their corresponding 
bytes 
during memory write operations. 
During memory read operations, 


these bits become 
inputs and are used along with their 
respective 
data bytes to determine 
if a parity error has occurred. 


The generation 
and check of each bit is enabled 
only when their 
respective 
LBE3-LBEO 
bits are active. 


HIDRIVE# 
17 
I-TPU 
HIGH DRIVE ENABLE: 
This pin is intended 
to be a wire option. 


When this pin is low, all bus drivers defined with an IOL of 24 mA 
will sink the full 24 mA of current. When the input is high, all pins 
defined 
as 24 mA will have the output low drive capability 
cut in 
half to 12 mA. Note that al A.C. specifications 
are done with the 
outputs in the high drive mode and a 200 pF capacitive 
load. 


HIDRIVE# 
has an internal pull-up and can be left unconnected 
in 
12 mA drive if desired. 
It should be tied low if 24 mA drive is 
desired. 


TEST MODE PIN 


TRI# 
127 
I-TPU 
THREE-STATE: 
This pin is used to drive all outputs to a high 
impedance 
state. When TRI # is low, all outputs and bidirectional 


pins are three-stated. 
This pin should be pulled up via a 10 kfl. 


pull-up resistor in a standard 
system configuration. 


POWER BUS CONNECTION 
The power connections 
are split into an internal supply for the core-logic, 
and a pad-ring supply for the I/O 
drivers. 
Each supply should be individually 
bypassed 
with decoupling 
capacitors. 


VOOR 
1,48, 
PWR 
PAD·RING 
POWER CONNECTION 
NOMINALLY 
+ 5V: These 
80, 107 
pins along with the VSSR pins should be separately 
bypassed. 


VSSR 
33,49,65, 
GND 
PAD-RING 
GROUND 
CONNECTION, 
NOMINALLY 
OV: These 
81,97,101, 
pins along with the VOOR pins should be separately 
bypassed. 


108,114,122 


VOOI 
16 
PWR 
INTERNAL 
CORE-LOGIC 
POWER CONNECTION, 
NOMINALLY 
+ 5V: This pin along with the VSSI pin should be 
separately 
bypassed. 
, 


VSSI 
128 
GND 
INTERNAL 
CORE-LOGIC 
GROUND 
CONNECTION, 
NOMINALLY 
OV: This pin along with the VOOI pin should be 
separately 
bypassed. 


inter 


Signal Code 
Signal 
Type 


I-TIL 
TIL 
Level Input 


I-TPD 
Input with 30 kfi 
Pull-Down 
Resistor 


., 
I-TPU 
Input with 30 kfi Pull-Up Resistor 


I-TSPU 
Schmitt-Trigger 
Input with 30 kfi Pull-Up Resistor 


I-CMOS 
CMOS Level Input 


I/O-TIL 
TIL 
LevellnputiOutput 


IT-OD 
TIL 
LevellnputiOpen 
Drain Output 


1/0-00 
Input or Open Drain, Slow Turn On 


0 
CMOS and TIL 
Level Compatible 
Output 


O-TIL 
TIL 
Level Output 


O-TS 
Three-State 
Level Output 


11 
Input Used for Testing 
Purposes 


GND 
., 
Ground 


PWR 
Power 


82346 
SYSTEM CONTROLLER 


The 82346 
System 
Controller 
is highly configurable 
via software. 
No hardware 
jumpers 
are required. 
Defaults 


on reset for the configuration 
registers 
mimic the compatibility 
requirements 
of the original 
IBM PC/ AT® as 


closely 
as possible. 
These 
power-up 
defaults 
allow 
any possible 
configuration 
of the system 
to boot at the 
CPU's r('\ted speed. 
However, 
operational 
capabilities 
are reduced 
until the configuration 
registers 
are set to 


mirror the true system 
configuration. 
This normally 
occurs 
during 
BIOS power-on 
self-test 
in a manner 
com- 


pletely 
transparent 
to the user. 


The System Controller 
is designed 
to perform 
in systems 
running up to 33 MHz. Built-in page mode operation, 


two- or four-way 
interleaving 
and fully programmable 
memory timing allow the PC designer 
to maximize 
system 


performance 
using low cost DRAMs. 
Programmable 
memory timing allows the system to be setup to perfectly 


match 
the requirements 
of the chosen 
DRAMs; 
standard 
or custom. 
These 
adjustments 
can often 
be made 
without 
incurring 
the penalty 
of additional 
wait states. 


The System 
Controller 
handles 
system 
board refresh 
directly 
and also controls 
the timing of slot bus refresh 
which 
is actually 
performed 
by the 
82344 
ISA Bus Controller. 
Refresh 
may 
be performed 
in coupled 
or 


decoupled 
mode. 
The 
former 
method 
is the 
standard 
PC/AT-compatible 
mode 
where 
on- and 
off-board 


refreshes 
are performed 
synchronously. 
In decoupled 
mode, 
the timing 
of on- and off-board 
refreshes 
are 
independent. 
Both may be programmed 
for independent, 
slower 
than normal 
rates. This allows 
use of low 
power, 
slow refresh 
DRAMs. 
The 82346 
controls 
all timing 
in both modes. 
In all cases, 
refreshes 
are stag- 


gered to minmize 
power supply 
loading 
and attendant 
noise on the VDD and ground 
pins. 
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the 
physical 
banks of DRAM 
can be logically 
reor- 
dered through 
one of the indexed 
configuration 
reg- 
isters. This DRAM remap option 
is useful in order to 
map out bad DRAM banks allowing 
continued 
use of 
a system 
until 
repairs 
are possible. 
It also 
allows 
DRAM 
bank 
combinations 
not 
in 
the 
supported 
memory 
maps to be logically 
moved 
into a support- 
ed configuration 
without 
physically 
moving 
memory 
components. 
This 
unique, 
programmable 
function 
performs 
this task by switching 
the internal 
RASI # 
and CASI# 
signals between 
the external 
RAS# 
and 
CAS pins. This allows 
internal 
addresses 
generated 
for DRAM 
bank 0, for example, 
to be routed 
to any 
one of the four on-board 
DRAM banks. 


Active 
low RASBK# 
signals are generated 
to direct- 
ly drive DRAM 
banks. Active 
high CASBK 
and LBE 
signals 
are externally 
decoded 
with NAND gates to 
provide 
16 active 
low CAS# 
signals. 
This scheme 
provides 
extra 
timing 
margin 
and lower 
cost 
since 
NAND gates are cheaper 
and faster than equivalent 
OR gates. 


To maintain 
use of low cost DRAMs 
through 
the full 
33 MHz range of the system, 
special 
cache support 
is added. 
This minimizes 
the external 
glue logic re- 
quired by other systems. 
The chip set is easily inter- 
faced to the Intel 385DX cache controller. 


Full EEMS 
support 
is provided 
in hardware 
for the 
complete 
full L1M EMS 4.0@ standard. 
Seventy-two 
mapping 
registers 
provide 
a standard 
and an alter- 
nate 
set of 36 registers 
each. 
The 
system 
allows 
backfill 
to 256k for EEMS support 
and provides 
24 
mapping 
registers 
covering 
this space. Twelve of the 
36 are page registers 
which 
cover 
the EMS space 


from COOOOhto EOOOOh.These twelve 
registers 
can 
alternatively 
be mapped 
in the AOOOO-BFFFFh and 
DOOOO-DFFFFh range 
by changing 
a configuration 
bit in the 82346. All registers 
are capable 
of translat- 
ing over the complete 
64 MByte 
range of on-board 
DRAM. 
Users 
preferring 
an alternate 
plug-in 
EMS 
solution 
can disable 
the on-board 
EMS system 
as 
well as system 
board 
DRAM, 
as required, 
down 
to 
256k. 


Shadowing 
features 
are supported 
on all 16k bound- 
aries 
between 
640k 
and 
1M. EMS use, shadowed 
ROM, and direct system 
board access 
is possible 
in 
non-overlapping 
fashion 
throughout 
this 
memory 
space. Control 
over four access 
options 
is provided. 


These 
controls 
are overridden 
by EMS in segments 
for which 
it is enabled. 


1. Access 
ROM or slot bus for reads and writes. 


2. Access 
system board DRAM for reads and writes. 


3. Access 
system 
board 
DRAM 
for reads 
and 
slot 
bus for writes. 


4. Shadow 
setup mode. Read ROM or slot bus, write 
system 
board DRAM. 


The System 
Controller 
is used to program 
the de- 
sired operational 
mode of the AT bus. Based on this 
programming, 
it provides 
the bus clock 
and signal- 
ling interface 
to the 
Bus Controller, 
which 
actually 
interfaces 
with the bus. The bus may run synchro- 
nously 
with the CPU's 
CLK2 or asynchronously 
via 
an external 
oscillator. 
A programmable 
divider condi- 
tions the selected 
BUSCLK 
source 
providing 
divide 
by 1, 2, 3 or 4. 


L1M EMS 4.0~ 
is a registered 
trademark 
of Lotus Development 
Corporation, 
Intel Corporation, 
and Microsoft 
Corporation. 
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240B42-3 


Signal 
Pin 
Signal 
Signal Description 
Name 
Number 
Type 


CPU INTERFACE 
SIGNALS 


A31, A29, A26 
119-117 
I-TPU 
A26 is used to prevent aliasing above 64 MByte. A29 is used to 
separate 
upper BIOS accesses 
from Weitek 3167 accesses. 
A 31 
is used to determine 
387DX accesses. 
These address 
lines are 
driven only by the CPU. When HLDA is active, these signals are 
held low internally. 
Since externally 
these pins are three-stated, 


this is required in order to prevent errant Bus Master and DMA 
accesses 
to on-board 
memory. 


A25-2 
120-127, 
I-TTL 
Address 
bits driven by the CPU when it is Bus Master. They are 
2-7,9-13, 
driven by the 82344 Bus Controller 
whenever 
HLDA is active. 


15-19 
These bits allow direct access of up to 64 Mbytes of memory. 


BE3# 
-BEO# 
20-23 
I-TTL 
BYTE ENABLES 
3 THROUGH 
0, ACTIVE 
LOW: These signals 
are driven by the CPU or the 82344. 


W/R# 
24 
I-TPU 
WRITE or active low READ enable driven by the CPU. W /R # is 
decoded 
with the remaining 
CPU control 
signals to indicate 
the 
type of bus cycle requested. 
The bus cycle types include: 
Interrupt 
Acknowledge, 
Halt, Shutdown, 
I/O Reads and Writes, Memory 
Data Reads and Writes, and Memory Code reads. WR # is 
internally 
pulled up. 


D/C# 
25 
I-TPU 
DATA or active low CODE enable driven by the CPU. D/C# 
is 
decoded 
with the remaining 
CPU control 
signals to indicate 
the 
type of bus cycle requested. 
See W /R # definition 
for bus cycle 
types. D/C# 
is internally 
pulled up. 


M/IO# 
26 
I-TPU 
MEMORY 
or active low I/O enable driven by the CPU. M/IO# 
is 
decoded 
with the remaining 
CPU control 
signals to indicate the 
type of bus cycle requested. 
See W /R # definition 
for bus cycle 
types. M/IO# 
is internally 
pulled up. 


ADS# 
27 
I-TPU 
ADDRESS 
STROBE, 
ACTIVE 
LOW: Driven by the CPU as an 
indicator 
that the address and control 
signals currently 
supplied 
by 


the CPU are valid. Ths signal is used internally 
to indicate 
that the 
data and command 
are valid and to determine 
the beginning 
of a 
memory cycle. ADS# 
is internally 
pulled up. 


CLK21N 
30 
I-CMOS 
This is the main clock input to the System Controller 
and is 
connected 
to the CLK2 signal that is output by the System 
Controller. 
This signal is used internally 
to clock the System 
Controller's 
logic. 


TCLK2 
44 
I-TTL 
This input is connected 
to a crystal ocscillator 
whose frequency 
is 
equal to two times the system frequency. 
The TTL level oscillator 
output is converted 
internally 
to CMOS levels and sent to the 
CLK2 output. 


CLK2 
32 
0 
This output signal is a CMOS level converted 
TCLK2 signal. It is 
output to the CPU and other on-board 
logic for synchronization. 


SLP#/MISS 
35 
10-od 
As a "power 
on reset" 
default, this bit is an output that reflects 
the 
inverse state of the SLEEP[7] 
configuration 
register bit. It is active 
low when sleep mode is active. Sleep mode is activated 
by setting 
SLEEP[7] 
= 1. When configuration 
register CTRL 1(0) = 1, this 
pin becomes 
a MISS input for use with a future 82340 compatible 
product. 


inter 


Signal 
Pin 
Signal 
Signal Description 
Name 
Number 
Type 


CPU INTERFACE 
SIGNALS 
(Continued) 


READYO# 
34 
0 
READY OUT, ACTIVE 
LOW: This signal is an indication 
that the 
current memory or I/O bus cycle is complete. 
It is generated 
from 
the internal 
DRAM controller 
or the synchronized 
version of 
CHREADY # for slot bus accesses. 
Outside the chip it is ORed 
with any other local bus I/O or master such as a coprocessor 
or 
cache controller. 
The culmination 
of these ORed READY signals 
is sent to the 386DX and is also connected 
to the System 
Controller's 
ReadyL # input. 


READYI# 
29 
I-TIL 
READY INPUT, ACTIVE 
LOW: This signal is the ORed READY 
signals from the coprocessor, 
cache controller, 
or other optional 
add-in device. See the READYO# 
description 
for more details on 
how the signal is used inside the System Controller. 


HLDA 
28 
I-TIL 
HOLD ACKNOWLEDGE, 
ACTIVE 
HIGH: This signal is issued by 
the CPU in response 
to the HRQ driven by the System Controller. 


It indicates 
that the CPU is floating 
its outputs to the high 
impedance 
state so that another 
master can take control 
of the 
bus. When HLDA is active, the memory control 
is generated 
from 
CHS1 # /MR # and CHSO # /MW # rather than CPU status signals. 


HRQ 
40 
0 
HOLD REQUEST, 
ACTIVE 
HIGH: Driven by the System Controller 
to the CPU, this output indicates 
that a bus master, such as a DMA 
or AT channel 
master, is requesting 
control 
of the bus. HRQ is a 
result of the DMAHRQ 
input or a coupled 
refresh cycle. It is 
synchronized 
to CLK2. 


RESCPU 
36 
0 
RESET CPU, ACTIVE 
HIGH: This signal is sent to the CPU by the 
System Controller. 
It is issued in response 
to the control 
bit for 
software 
reset located 
in the Port A register or a dummy read to 
I/O port EFh. It is also issued in response 
to signals on the 
RSTDRV or RC inputs and in response 
to System Controller 
detection 
of a shutdown 
command. 
In all cases, it is synchronized 
to CLK2. 


ERROR386# 
37 
0 
ERROR 386, ACTIVE 
LOW: This signal is sent to the 386DX. On 
any CPU reset it is pulled low to set the 386DX to 32-bit 
coprocessor 
interface 
mode. 


BUSY386# 
38 
0 
BUSY 386, ACTIVE 
LOW: This signal is sent to the 386DX. The 
state of BUSY387 # is always passed through to BUSY387 # 
indicating 
that the 387DX is processing 
a command. 
On 
occurrence 
of an ERROR387 
# signal, it is latched 
and held active 
until an occurrence 
of a write to ports FOh, F1 h, or RES387. The 
former case is the normal mechanism 
used to reset the active 
latched signal. The latter two are resets. Since ERROR387 
# 
generates 
IRQ13 for PC/ AT-compatibility, 
BUSY386# 
is held 
active to prevent software 
access of the 387DX until the interrupt 
service routine writes FOh. The System Controller 
also activates 
BUSY386 # for 16 CLK2 cycles when no 387DX is connected 
and 
. 
I/O writes to the coprocessor 
space are detected . 


inter 


Signal 
Pin 
Signal 
Signal Description 
Name 
Number 
Type 


CPU INTERFACE 
SIGNALS 
(Continued) 


PEREQ386 
39 
0 
PROCESSOR 
EXTENSION 
REQUEST 
386, ACTIVE 
HIGH: Sent 


to the CPU in response 
to a PEREQ387, 
which is issued by the 
coprocessor 
to the System Controller. 
It indicates 
to the CPU that 


the coprocessor 
is requesting 
a data operand 
to be sent to or from 
memory 
by the CPU. For PC/AT-compatiblity, 
PEREQ386 
is 
returned 
active on occurrence 
of ERROR387 
# after BUSY387 # 


has gone inactive. A write to FOh by the interrupt 
13 handler 
returns control 
of the PEREQ386 
signal to directly follow the 
PEREQ387 
input. 


ON·BOARD 
MEMORY 
SYSTEM 
INTERFACE 
SIGNALS 


RAMW# 
55 
0 
RAM ACTIVE 
LOW WRITE 
OR ACTIVE 
HIGH READ: Output to 
the 82345 Data Buffer and DRAM memory to control 
the direction 
of data flow of the on-board 
memory. 
It is a result of the address 
and bus control 
decode. 
It is active during memory write cycles 
and is high at all other times. 


MA10-MAO 
57,58,60, 
0 
MEMORY 
ADDRESSES 
10 THROUGH 
0: These address 
bits are 
62-64,66,67, 
the row and column addresses 
sent to on-board 
memory. They 


69,71,72 
are buffered 
and multiplexed 
versions 
of the bus master 
addresses. 
Along with LBE3-LBEO 
they allow addressing 
of up to 
16 MBytes per bank. 


RASBK3#- 
81-83,85 
0 
ROW ADDRESS 
STROBE 
BANK 0 THROUGH 
3, ACTIVE 
LOW: 
RASBKO# 
These signals are sent to their respective 
RAM banks to strobe in 


the row address during on-board 
memory bus cycles. The active 
period for this signal is completely 
programmable. 


CASBK3- 
77-80 
0 
COLUMN 
ADDRESS 
STROBE 
BANK 0 THROUGH 
3: These 
CASBKO 
signals are the respective 
column address strobes 
for each of the 
banks. These signals are externally 
gated (NAND) with the LBE 
signals to generate 
the CAS # strobes for each byte of a DRAM 
memory bank. 


LBE3-LBEO 
73-76 
0 
LATCHED 
BYTE ENABLE 0 THROUGH 
3, ACTIVE 
HIGH: These 


signals select one of four banks to access memory data from 
when an on-board 
memory access is activated. 
They are the 
latched version of the CPU's BE3#-BEO# 
signals when the CPU 
is bus master or is the latched version of SA 1, SAO, and BHE # 
when the master or DMA is in control. 


REFRESH# 
109 
I-CMOS/ 
REFRESH 
SIGNAL, 
ACTIVE 
LOW: This output is used by the 
0-00 
System Controller 
to initiate an off-board 
DRAM refresh operation 
. 
in coupled 
refresh mode. In decoupled 
mode, the Bus Controller 


drives refresh active to indicate to the System Controller 
that it has 
decoded 
a refresh request command 
and is initiating an off-board 


refresh cycle. 


Signal 
Pin 
Signal 
Signal Description 
Name 
Number 
Type 


ON-BOARD 
MEMORY 
SYSTEM 
INTERFCE 
SIGNALS 
(Continued) 


ROMCS# 
54 
0 
ROM CHIP SELECT: This output is active in CPU mode only 
(CPUHLDA 
is negated). 
It is active anytime the address on the A 
bus selects the address range between 
AFFEOOOO-AFFFFFFF, 
BFFEOOOO-BFFFFFFF,EFFEOOOO-EFFFFFFF,orFFFEOOOOh- 
FFFFFFFFh. 
It is also active during a memory 
read of 
OOOEOOOOh-OOOFFFFFhwhen RAM-MAPl7] 
= 1. On reset, it 
also decodes 
the middle BIOS space between 
OOFEOOOOh- 
OOFFFFFFh. However, 
this decode 
space can be changed 
via 
internal configuration 
register to System 
Board DRAM space after 
RESET if desired. 
NOTE: The lower ROM are from OOFEOOOOh- 
OOFFFFFFh is impacted 
by shadow and/or 
EMS. Any 16k 
segments 
for which EMS is active (OOEXXXXh only) or for which 
the shadow code had been changed 
from its OObdefault 
are 
mapped out of the -ROMCS space. 


COPROCESSOR 
SIGNALS 


PEREQ387 
46 
I-TPD 
COPROCESSOR 
EXTENSION 
REQUEST, 
ACTIVE 
HIGH: this 
input signal is driven by the coprocessor 
and indicates 
that it 
needs transfer 
of data operands 
to or from memory. 
For PC/ AT- 
compatibility, 
this signal is gated with the internal 
ERROR/BUSY 
control 
logic before being output to the CPU as PEREQ386. 


ERROR387# 
43 
I-TPU 
This is an active low numerics 
signal which is driven by the 
coprocessor 
to indicate that an error has occurred 
in the previous 
instruction. 
This signal is decoded 
internally 
with BUSY387 # to 
produce 
IRQ13. 


BUSY387# 
42 
I-TPU 
This is an active low numerics 
input signal which is driven by the 
coprocessor 
to indicate that it is currently 
executing 
a previous 
instruction 
and is not ready to accept another. 
This signal is 
decoded 
internally 
to produce 
IRQ13 and to control 
PEREQ386 
and BUSY386#. 


RES387 
41 
0 
RESET 387, ACTIVE 
HIGH: This output is connected 
to the 
387DX reset input. It is triggered 
through 
an internally 
generated 
system reset or via a write to port F1 h. In the case of a system 
reset, the CPURESET 
signal is also activated. 
A write to port F1 h 
only resets the coprocessor. 
A software 
FNINT signal must occur 
after an F1h generated 
reset before the coprocessor 
is reset to 
the same internal state that a 287 is put into by a hardware 
reset 
alone. For, compatibility, 
the F1 h reset may be disabled 
by setting 
bit 6 of MISCSET to 1. 


WTKIRQ 
47 
I-TPD 
WEITEK 
3167 INTERRUPT 
REQUEST, 
ACTIVE 
HIGH: An input 
from the Weitek 3167 coprocessor. 


IRQ13 
100 
0 
INTERRUPT 
REQUEST 
13, ACTIVE 
HIGH: This signal is driven to 
the Bus Controller 
to indicate 
than an error has occurred 
within the 
coprocessor. 
This signal is a decode 
of the BUSY387 # and 
ERROR387 
# inputs ORed with the WTKIRQ 
input. 


BUS CONTROL 
SIGNALS 


CHREADY# 
104 
I-CMOS 
CHANNEL 
READY, ACTIVE 
LOW: This signal is issued by the 
Bus Controller 
as an indication 
that the current channel 
bus cycle 
is complete. 
This signal is synchronized 
internally 
then combined 
with ready signals from the coprocessor 
and DRAM controller 
to 
form the final version of READYO# 
which is sent to the CPU. 


Signal 
Pin 
Signal 
Signal Description 
Name 
Number 
Type 


BUS CONTROL 
SIGNALS 
(Continued) 


CHSO#/MW# 
103 
10-TIL 
CHANNEL 
SELECT 
O/MEMORY 
WRITE, 
ACTIVE 
LOW: This 
signal is a decode 
of the 386DX's 
bus control 
signals and is sent 
to the Bus Controller. 
When combined 
with CHS1 # and CHM/ 
10# and decoded, 
the bus cycle type is defined 
for the Bus 
Controller. 
Activation 
of CPUHLDA 
reverses this signal to become 
an input from the Bus Controller. 
It is then a MEMW # signal for 
DMA or bus master access to system memory. 


CHS1#/MR# 
102 
10-TIL 
CHANNEL 
SELECT 
1/MEMORY 
READ, ACTIVE 
LOW: This 
signal is a decode 
of the 386DX's 
bus control 
signals and is sent 
to the Bus Controller. 
When combined 
with CHSO# 
and CHM/ 
10# and decoded, 
the bus cycle type is defined for the Bus 
Controller. 
Activation 
of CPUHLDA 
reverses 
this signal to become 
an input from the Bus Controller. 
It is the a MEMR # signal for 
DMA or bus master access to system memory. 


CHM/-IO 
101 
0 
CHANNEL 
MEMORY/ACTIVE 
LOW 10: A decode 
of the M/lO# 
signal sent by the CPU to the System Controller. 
It is an indicator 
that the current bus cycle is a channel 
access. When combined 
with CHSO#, 
and CHM/IO# 
and decoded, 
the bus cycle type is 
defined for the Bus Controller. 


BLKA20# 
94 
0 
BLOCK A20, ACTIVE 
LOW: Driven to the Bus Controller 
to 
deactivate 
address 
bit 20. It is a decode 
of the A20GATE 
signal 
and Port A bit 1 indicating 
the dividing line of the 1 MByte memory 
boundary. 
Port A bit 1 may be directly written or set by a dummy 
read of I/O port EEh. BLKA20# 
is forced high when HLDA is 
active. (Refer to the "Sleep 
Mode Control Subsystem" 
section.) 


BUSOSC 
106 
I-TIL 
BUS OSCilLATOR: 
This signal is supplied 
from an external 
oscillator. 
It is supplied 
to the Bus Controller 
when the System 
Controller's 
internal configuration 
registers 
are set for 
asynchronous 
slot bus mode. This signal is two times the AT bus 
clock speed (SYSCLK). 


BUSCLK 
98 
O-TIL 
BUS CLOCK: This is the source clock used by the Bus Controller 
to drive the slot bus. It is two times the AT bus clock (SYSCLK). 
It 
is a programmable 
division from CLK2 or BUSOSC when in a 
synchronous 
bus mode. 


DMAHRQ 
105 
I-CMOS 
DMA HOLD REQUEST, 
ACTIVE 
HIGH: This input is sent by the 
Bus Controller, 
it is internally 
synchronized 
by the System 
Controller 
before it is sent out to the CPU as the HRQ signal. It is 
the indicator 
of the DMA controller 
or an other bus masters' 
desire 
to control 
the bus. 


DMAHLDA 
99 
0 
DMA HOLD ACKNOWLEDGE, 
ACTIVE 
HIGH: This output to the 
Bus controller 
indicates 
that the current hold acknowledge 
state is 
for the DMA controller 
or an other bus master. 


BRDRAM# 
95 
0 
BOARD DRAM, ACTIVE 
LOW: An output to Bus Controller 
and 
Data Buffer to indicate that on-board 
DRAM is being addressed. 


OUT1 
107 
I-CMOS 
Indicate a refresh request from the Bus Controller. 


Signal 
Pin 
Signal 
Signal Description 
Name 
Number 
Type 


PERIPHERAL 
INTERFACE 
SIGNALS 


A20GATE 
116 
I-TIL 
ADDRESS 
BIT 20 ENABLE: This is an input from the keyboard 
controller 
and is used internally 
along with Port A bit 1 to 
determine 
if address bit 20 from the CPU is true or gated low. It 
also determines 
the state of BLKA20 Ii. 


TURBO 
115 
I-TIL 
TURBO, ACTIVE 
HIGH: This input to the System Controller 
determines 
the speed at which the system board operates. 
It is 
normally the externally 
ANOed signal from the keyboard 
controller 
and a turbo switch. It is internally 
ANOed with a software 
settable 
latch. When high, operation 
is full speed. When low, CLK2 is 


.... 
divided by the value coded in configuration 
register 
MISCSET. A 
range is provided 
that allows slow operation 
at or below 8 MHz for 
any valid CPU speed. Slow speed takes precedence. 
When any 
one request for slow mode is present, 
slow mode is active. Turbo 
mode is active only when all TURBO 
requests 
are active. 


RC# 
114 
I-TIL 
RESET CONTROL, 
ACTIVE 
LOW: The falling edge of this signal 
causes a RESCPU signal. RC# 
is generated 
by the keyboard 
controller 
and its inverse is ORed with Port A bit 0 to form 
RESCPU. 


SLEEP1 
49 
0-00 
SLEEP SIGNAL 
1, ACTIVE 
HIGH: This pin is the logical OR of the 
enable and external control 
bits (bits 1 and 7) of the sleep indexed 
configuration 
register. 
It can be used with external 
interface 
logic 
to control 
external devices. The pin is always active while in sleep 
mode but can also be controlled 
via software 
when sleep mode is 


, 
inactive. 
It is pulled low when inactive and three-states 
when 
active. An external 
pull-up is required. This allows an external 
interface 
to control 
logic operation 
at voltages 
different 
than VOO. 


SLEEP2 
50 
0-00 
SLEEP SIGNAL 
2, ACTIVE 
HIGH: This pin is the logical OR of the' 


enable and external 
control 
bits (bits 2 and 7) of the sleep indexed 
configuration 
register. 
It can be used with external 
interface 
logic 
to control 
external 
devices. The pin is always active while in sleep 
mode but can also be controlled 
via software 
when sleep mode is 
inactive. 
It is pulled low when inactive and three-states 
when 
active. An external 
pull-up is required. This allows an external 
interface 
to control 
logic operation 
at voltages 
different 
than VOO. 


SLEEP3 
51 
0-00 
SLEEP SIGNAL 3, ACTIVE HIGH: This pin is the logical OR of the 
enable and external 
control 
bits (bits 3 and 7) of the Sleep indexed 
configuration 
register. 
It can be used with external 
interface 
logic 
to control 
external 
devices. The pin is always active while in sleep 
mode but can also be controlled 
via software 
when sleep mode is 
inactive. 
It is pulled low when inactive and three-states 
when 
active. An external 
pull-up is required. This allows an external 
interface 
to control 
logic operation 
at voltages 
different 
than VOO. 


Signal 
Pin 
Signal 
Signal Description 
Name 
Number 
Type 


BUS INTERFACE 
SIGNALS 


XD7-XDO 
86-93 
10- TTL 
PERIPHERAL 
DATA BUS: This bus is used to read and write the 
internal configuration 
registers. 


DEN# 
53 
0 
DATA ENABLE, ACTIVE 
LOW: This signal is an output to the 
82345 Data Buffer to enable data transfers 
on the local bus. This 
signal is low during any CPU read cycles or INT A cycles. 


10A# 
112 
I-TTL 
1/0 READ CYCLE, ACTIVE 
LOW: Driven by the Bus Controller 
to 
indicate to the 82346 that an I/O read cycle is occurring 
on the 
bus. Whenever 
an I/O cycle occurs, the memory interface 
signals 
are inactive. 


10W# 
113 
I-TTL 
1/0 WRITE CYCLE, ACTIVE 
LOW: Driven by the Bus Controller 
to indicate to the 82346 that an I/O write cycle is occurring 
on the 
bus. Whenever 
an I/O cycle occurs, the memory interface 
signals 
are inactive. 


ASTDAV 
111 
I-TTL 
RESET DRIVE, ACTIVE 
HIGH: This reset signal is output by the 
Bus Controller. 
It indicates 
that a hardware 
reset signal has been 
activated. 
This is the same signal which is output to the channel. 


This signal is used to reset internal logic and to derive the 
AESCPU which is output by the System Controller. 


MDLAT# 
52 
0 
MEMORY 
DATA BUS LATCH: This is an output signal to the Data 
Buffer. On the rising edge, the Data Buffer latches the memory 
data bus. MDLA T # is low anytime one of the CASBK signals is 
high. When low, the Data Buffer latches are transparent. 


OSC 
110 
I-TTL 
OSCILLATOR: 
This is the buffered 
input of the external 
14.318 
MHz oscillator. 


TEST MODE PIN 


TAI# 
48 
11 
THREE-STATE: 
This pin is used to drive all outputs to a high 
impedance 
state. When TAl # is low, all outputs and bidirectional 
pins are three-stated. 


POWER AND GROUND 
PINS 


The power connections 
are split into an internal supply for the core-logic, 
and a pad-ring supply for the I/O 
drivers. Each supply should be individually 
bypassed 
with decoupling 
capacitors. 


VDDA 
1,31,59, 
PWA 
Pad-ring power connection, 
nominally + 5V. These pins along with 
68,96 
the VSSA pins should be separately 
bypassed. 


VSSA 
14,33,45, 
GND 
Pad-ring ground connection, 
nominally 
OV. These pins along with 
56,61,65, 
the VDDA pins should be separately 
bypassed. 


70,84,97 
108 


VDDI 
8 
PWA 
Internal core-logic 
power connection, 
nominally + 5V. This pin 
along with the VSSI pin should be separately 
bypassed. 


VSSI 
128 
GND 
Internal core-logic 
ground connection, 
nominally 
OV. This pin 
along with the VDDI pin should be separately 
bypassed. 


inter 


Signal Code 
Signal 
Type 


I-TIL 
TIL 
Level Input 


I-TPD 
Input with 30 kO Pull-Down 
Resistor 


I-TPU 
Input with 30 kO Pull-Up 
Resistor 


I-TSPU 
Schmitt-Trigger 
Input with 30 kO 
Pull-Up Resistor 


I-CMOS 
CMOS Level Input 


10-TIL 
TIL 
Level Input/Output 


IT-OD 
TIL 
Level Input/Open 


Signal 
Code 
Signal 
Type 


10-00 
Input or Open Drain, Slow Turn 
On 


0 
CMOS and TIL 
Level 
Compatible 
Output 


O-TIL 
TIL 
Level Output 


O-TS 
Three-State 
Level Output 


11 
Input used for Testing 
Purposes 


GND 
Ground 


PWR 
Power 


• Supports 
Multiple 
Power Savings 
• Independent 
Programmable 
Timeouts 
Modes 
for All Modes 
-DOZE 
Mode 
• Power-On 
Control 
via Pushbutton, 
RTC 
Entered 
after 0.125 to 14 Seconds 
of 
Clock Alarm or Modem 
Ring-In 
Inactivity 
-SLEEP 
Mode 
• Power 
UP/DOWN 
Power Sequencing 


Entered 
after 
1 to 15 Minutes 
of 
for LCD Panel 


Inactivity 
• Multiple 
Low Battery 
Monitoring 
- 
SUSPEND 
Mode 
• 


Entered 
into by User Command 
or 5 
• Refresh 
Support 
for Normal and Slow 


to 75 Minutes 
of Inactivity 
REFRESH 
DRAM during SUSPEND 
Mode. Supports 
Static and Pseudo 
• Multiple 
Independent 
Device 
Power 
Static RAMs 
Shutdown 
Support 
in Each Mode 
• Supports 
386TM OX and 386TM SX 
through 
9 Power Control 
Outputs 
Processors 
• CPU and Peripheral 
Clock Control 
Packaged 
in 80 Pin Plastic Flat Pack 
• 


·ADS 
A(9:0) 


SD(7:0) 


STATUS(2:0) 


CPUCLK 


READY 


·AEN 


SEL(3:0) 


RES386 


DRO(3:0) 


·REFRO 


INTR 


·YCS 
LOS 


EXTACT 


RI 


RTC 


EXT 


PWGOUT 


PWRGOOD 


LB 


LLB 


·RCRESET 


YP(7:0) 


ACPWR 


YPBIAS 


BUS 
INTERFACE 
CLOCK 
CONTROL 


32 KHZIN 


32 KHZOUT 


CLKX1/CLKX2 


CLKOUT 


PCLKSYNC 


PCLK 


PCLKOUT 


ACTIVITY 
MONITOR 


POWER 
CONTROL 


INTERRUPT 
LOGIC 


GENERAL 
PURPOSE 
I/O 


REFRESH 
CONTROL 


Flat Pack and is fabricated 
with 
1.5 micron 
CMOS 
technology. 
The 
Intel 
82347 
is a power 
management 
unit de- 
signed 
to provide 
power 
management 
for PC com- 
patible systems. 
The 82347 provides 
a system activ- 
ity monitor 
and timers to determine 
when the system 
is idle. When idle, the 82347 can remove power from 
unused devices. The 82347 is also capable 
of reduc- 
ing the CPU oscillator 
frequency 
to achieve 
addition- 
al power 
savings. 
The 
82347 
supports 
DRAM 
re- 
fresh 
to 
maintain 
system 
memory 
during 
system 
power 
down. 
The 82347 
is packaged 
in an 80-pin 


The capabilities 
of the 82347 
are fully supported 
by 
the VIP design. 
For information 
on supported 
fea- 
tures see VIP8000SX 
Technical 
Specification. 


NOTE: 
The 82347 
implements 
proprietary 
power 
manage- 
ment technology 
for which Vadem 
has pending 
pat- 
ents. 
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Figure 2 
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General Description 


The 
power 
management 
unit 
(82347) 
dramatically 
reduces 
overall system power consumption. 
This re- 
duction 
is 
accomplished 
via 
an 
activity 
monitor 
which 
detects 
periods 
of system 
inactivity, 
and re- 


duces power consumption 
by reducing 
clock speeds 
and/or 
removing 
power and clocks 
from various 
pe- 
ripherals. 
This can be enabled 
to occur independent 
of any 
DOS 
or application 
support. 
Standard 
and 
slow refresh 
DRAM support 
is also provided. 
Inputs 
are provided 
which 
will allow 
power 
on or off com- 
mands from external 
sources 
such as a pushbutton, 
modem 
ring indicator, 
or RTC time of day alarm. 


The 82347 
is designed 
to operate 
without 
applica- 
tions 
software 
support 
and with minimal 
BIOS sup- 
port. 
It has its own power 
on reset, 
separate 
from 
the reset signal to the rest of the user system, 
and 
upon 
initial 
power 
on its registers 
are initialized 
to 
default 
values 
to provide 
baseline 
functionality. 


The 82347 
interfaces 
with 4 classes 
of CPUs. The 
CPU type is selected 
by jumpers 
on the SEL2 and 
SEL3 pins, per the table: 


SEL3 
SEL2 
CPUType 


0 
1 
80286 
1 
0 
386 SX, 386 OX 
1 
1 
386 SX LP 


The 82347 
is connected 
to the Addres 
and SO bus- 
es so that its registers 
can be accessed 
like a nor- 
mal I/O device. 
Instead of using the AT bus memory 
and I/O 
read and write strobes, 
bus cycles 
are de- 
coded from READY, CPU status, and CPU clock sig- 
nals. This allows the activity monitor to detect 
all I/O 
cycles, 
even those within 82340 
SX chipset. 


Some 
pins change 
function 
for different 
processor 
types. This is described 
in Table 
18. 


Functional 
Description 


The 
82347 
has five 
operating 
states: 
ON, 
DOZE, 
SLEEP, 
SUSPEND, 
and 
OFF. 
Transition 
between 
these 
states 
can occur due to system 
inactivity, 
ex- 
ternal 
input pins (suspend 
switch), 
or by direct 
CPU 
command. 
Each of the four states has a PWR regis- 
ter 
associated 
with 
it which 
indicates 
which 
of 
8 


power control 
outputs 
VP[O ... 
7] will be active dur- 
ing that state. A MUX selects 
the 8 register 
outputs 
corresponding 
to the 
current 
state, 
and 
these 
will 
drive 
the 
VP[O ... 
7] 
power 
control 
outputs. 
The 
CPU can write 
to any PWR register 
to change 
the 
mix of powered 
devices 
at any time. 


There 
is an exception 
to the above 
involving 
the EL 
backlight 
and LCD outputs, 
and this is described 
in a 
subsequent 
section. 


To turn 
a device 
on, the 
corresponding 
bit in the 
PWR register 
for the state(s) 
in which 
it is to be on 
must be high. The POLARITY 
register 
specifies 
the 
actual polarity of each VP output required 
to turn the 
associated 
switch 
on. The default 
value 
of the PO- 
LARITY register 
is OFFh, which indicates 
a logic high 
to turn on the switches. 
The value of the VP[O ... 
7] 
bits just 
prior 
to the 
polarity 
control 
may 
be read 
back on the OUTPUT 
register. 


VPBIAS 
is slaved to VPO and PCLKOUT. 
It goes on 
8 
ms 
to 
16 
ms 
after 
VPO and 
goes 
off 
when 
PCLKOUT 
is gated 
off. 
Its polarity 
is controlled 
by 
the same polarity 
register 
bit as VPO. 


In addition to switching 
power to devices, 
a peripher- 
al clock 
can also be switched. 
This is described 
in 
the PCLK Switching 
section. 


The 
82347 
has an on-chip 
oscillator 
for the 
CPU 
clock 
which 
should 
be connected 
to a crystal 
for 
best results. 
This clock 
is automatically 
stopped 
or 
slowed 
in various 
states. 
The controlled 
output 
ap- 
pears on the CLKOUT 
pin, which 
in turn drives 
the 
core logic chip. 


The ON state is entered 
from the SUSPEND 
or OFF 
state 
when 
the 
'RCRESET 
input 
is low, and 
also 
when 
one 
of EXT, RTC or RI goes 
high. The 
ON 
state 
may be entered 
from 
DOZE 
or SLEEP 
when 
the activity 
monitor 
detects 
activity. 
In the ON state 
all power 
control 
outputs 
will be controlled 
by the 
PWRON 
register. 
Upon 
entering 
the ON state 
the 
DOZE 
timeout 
will 
be triggered. 
The 
EL and 
LCD 
timeouts 
will be retriggered 
when 
entering 
the ON 
state from SUSPEND 
or OFF. 


The CCLK[O, 
1] bits in the Control 
register 
can be 
used to slow the processor 
clock 
in the ON state. 
This 
allows 
the 
user to save 
power 
when 
running 
non-computationally 
intensive 
applications 
such 
as 
word processing. 


inter 


When ACPWR 
is high, the power saving features 
of 
the 82347 are disabled. The CPU will run at full clock 
speed 
and 
CCLK[O, 
1] 
will 
have 
no 
effect. 
The 
DOZE 
and 
LCD timers 
will be continuously 
retng- 
gered 
and will never 
time 
out, thus the 82347 
will 
remain 
in the ON state 
and the 
LCD will stay on. 


However, 
because 
EL 
backlighting 
is 
subject 
to 
wearout, 
the 
EL timeout 
will operate 
in the normal 
fashion. 


The DOZE state is entered 
from the ON state when 
the activity 
monitor 
has not detected 
activity 
within 
the 
time 
specified 
by the 
DOZE 
register. 
In the 
DOZE state the power control 
outputs 
are controlled 
by the PWRDOZE 
register. 


The clock will slow down or stop as described 
in the 
CPU clock 
control 
section 
which follows. 


The 
SLEEP 
state 
is entered 
when 
the 
82347 
has 
been in the DOZE state for the time specified 
by the 
SLEEP 
register. 
In the 
SLEEP 
state 
the 
CLKOUT 
behavior 
is the same as in DOZE. The power control 
outputs 
are controlled 
by the PWRSLEEP 
register. 


Alternatively, 
the 82347 can be programmed 
to gen- 
erate NMI and remain in DOZE instead 
of automati- 
cally entering 
SLEEP. 


If BIOS software 
support 
is provided 
for SUSPEND, 
the 82347 
can be programmed 
to generate 
NMI af- 
ter the SUSPEND 
timeout 
elapses, 
or in response 
to 
activity 
on the EXT pin. The CPU can then write the 
code for SUSPEND 
to the STATUS 
register, 
and the 
82347 will enter SUSPEND. 


In no software 
support 
is provided, 
0.5 seconds 
after 
the EXT input goes high the 82347 will automatically 
enter 
SUSPEND. 
Alternatively, 
the 82347 
will enter 
SUSPEND 
after a falling edge on the PWGIN input. 


CLKOUT 
goes low asynchronously. 
The power con- 
trol 
outputs 
are 
controlled 
by the 
PWRSUSPEND 
register. 
Only activity 
on the EXT, RI or RTC inputs 
can cause an exit from SUSPEND, 
and into the ON 
state. 
When 
power 
is restored, 
the 82347 
will reset 
the 
CPU, 
which 
will 
then 
execute 
a warm 
start. 
DRAM refresh 
may be enabled 
in SUSPEND, 
as de- 
scribed 
in the Refresh 
section. 


The OFF state is entered 
when the CPU writes 
the 
code for OFF (OFFh) to the STATUS 
register. 


The OFF state is meaningful 
only when the 82347 is 
powered 
from a battery while the rest of the system 
is turned 
off. This type of power 
connection 
is nec- 
essary 
only if the 82347 
must 
awaken 
the system 
from 
the OFF state 
by activating 
VP outputs 
in re- 


sponse 
to transitions 
on the EXT input. If this func- 
tion is not required, then the 82347 may be powered 
• 
off when 
the system 
is powered 
off, and the OFF 
state as described 
below does not exist. 


In this state all except 
battery 
backed 
devices 
in the 
computer 
are powered 
off. Only activity 
on the EXT, 


RI or RTC inputs can cause an exit from OFF, and 
the new state will be ON. The 82347 bus interface 
is 
inhibited. 


The 
activity 
monitor 
has 
three 
internal 
outputs. 
ELTRIG is a function 
of keyboard 
activity only and is 
used to retrigger 
the EL backlight 
timer. LCDTRIG 
is 
true for 
keyboard 
activity 
or video 
memory 
writes, 
and retriggers 
the LCD timer. ACTIVITY 
is a logical 
OR function 
of the EXT ACT pin and a programmable 
selection 
of different 
activities. 
When active, this out- 
put returns the 82347 to the ON state and retriggers 
the DOZE timeout. 
The activity 
monitor 
does not re- 
spond to accesses 
to the 82347's 
own registers. 


The activity 
monitor 
can monitor 
access 
to the fol- 
lowing 
PC I/O devices: 


Parallel 
I/O ports-R/W 
access 
to LPT1 and LPT2 


LPT1-378H-37FH 
LPT2-278H-27FH 


Keyboard 
Port-Reads 
to 60H 


Real Time Clock-R/W 
access 
to 70H and 71 H 


Serial 
I/O 
Ports-R/W 
access 
to 
COM1 
through 
COM4 


COM 1-3F8H 
-3FFH 
COM2-2F8H-2FFH 
COM3-3E8H-3EFH 
COM4-2E8H-2EFH 


Access 
to 
Floppy 
Disk-R/W 
access 
to 
address 
3F5H 


Programmable 
I/D-Programmed 
by 10RNG 
regis- 
ter 


All 
of the 
above 
activity 
sources 
can 
be 
masked 
through 
the ACTMASK 
register 
(C3H). See Table 11 
for bit assignments 
for this register. 


A programmable 
input to the activity 
monitor 
allows 
the designer 
to monitor 
a non-standard 
I/O 
device 
for activity. This I/O address 
is specified 
through the 
10RNG register 
at offset 
C5H. See Table 13 for pro- 
gramming 
details. 


An external 
CMOS 
level 32.768 
kHz crystal 
oscilla- 
tor drives the RTCX1 input pin to the 82347. 
RTCX2 
should be left open. This signal generates 
the timing 
for all timers 
in the 82347, 
and clocks 
for some 
of 
the synchronous 
circuits. 
It is expected 
to be running 
at all times 
while 
the 
82347 
is powered 
up. The 
82347 
provides 
an on-chip 
oscillator 
for use with an 
external 
24 
MHz 
to 40 
MHz 
crystal 
for 
the 
CPU 
clock. 
This clock 
runs in ON, DOZE, and SLEEP. 


The CCLK[O, 
1] bits in the Control 
register 
can be 
used to slow CLKOUT 
in the ON state. 


CLKOUT 
can be automatically 
slowed or stopped 
in 
DOZE 
and 
SLEEP. 
To 
control 
this 
feature. 
four 
jumper 
inputs are used to select the processor 
type 
and 
crystal 
frequency. 
It is necessary 
to 
specify 
these 
parameters 
in order 
for the 82347 
to satisfy 
minimum 
clock speeds for non-static 
CPU's and pro- 
vide adequate 
response 
time to DRAM 
refresh 
re- 
quests. The following 
table shows the nominal 
crys- 
tal frequency, 
the divisor applied to that frequency 
in 
DOZE 
and SLEEP, 
and the resulting 
CLKOUT 
fre- 
quency. 
The 82347 
supports 
non-static 
versions 
of 
the 386, and only fully static versions 
of the 80C286. 
For non-static 
CPUs, CLKOUT 
is scaled 
as a func- 
tion of processor 
type to meet the processor's 
mini- 
mum clock 
frequency. 
When 
static 
processors 
are 
operated 
with DRAM the minimum 
CPU clock rate is 
a function 
of the length of time required 
for the sys- 
tem to resond 
to refresh 
requests, 
and CLKOUT 
is 
scaled 
as a function 
of processor 
type to produce 
a 
minimum 
4 IJ-s CPU bus cycle. 
If both 
static 
RAM 
and 
a static 
CPU are used, 
the CPU may set the 
STATIC 
bit in the Control 
register. 
The 82347 
will 
then stop the clock 
in DOZE and SLEEP. 


•••••.•A7equesls 
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mal speed. 
The enable 
request 
functions 
for inter- 


rupts 
and 
DMA 
are 
separate 
and 
CLKOUT 
is 
enabled when any event requests 
it, so that an inter- 
rupt handler 
will run to completion 
even if it is inter- 
rupted by a DMA request. 
If CLKOUT was enabled 
in 
response 
to NMI, eventually 
an EOI will occur 
in re- 


sponse to a timer interrupt, 
and CLKOUT 
will slow or 
stop 
at that 
time. 
These 
enable 
request 
functions 
are 
independent 
of 
the 
activity 
monitor 
and 
the 
ACTMASK 
register. 
Enabling 
CLKOUT 
does 
not 


cause the 82347 
to leave DOZE or SLEEP, 
unless 
the activity 
monitor 
is subsequently 
triggered. 
If this 
occurs, 
the 82347 
will enter 
the ON state 
and the 
enable request logic will be cleared. CLKOUT 
is con- 
trolled 
synchronously 
without 
glitches. 


In addition, 
if the MSLVIDM 
bit is set, video activi- 
ty will speed up or enable CLKOUT 
in the same way 
as NMI. 


There are 6 timers in the 82347. Each except the LB 
timer has a 4-bit register associated 
with it. Setting a 
timer register 
to 0 disables 
it; setting 
it to a nonzero 
value enables 
it. If enabled, 
certain 
timers 
are trig- 
gered 
by the transition 
to the ON state. 
Individual 
timers 
are also triggered 
by events 
specific 
to their 
functions. 
Some timers 
are retriggerable, 
timing 
out 
at a programmable 
time 
following 
the 
last trigger. 


One runs continuously, 
retriggering 
itself. 


The DOZE timer is programmable 
from Va to 1 sec- 
ond with a resolution 
of Va second, 
and from 2 sec- 


onds to 14 seconds 
with a resolution 
of 2 seconds. 


The SLEEP timer is programmable 
from 1 minute to 
15 minutes 
with a resolution 
of 1 minute. 
The SUS- 
PEND timer is programmable 
from 
5 to 75 minutes 
with a resolution 
of 5 minutes. 
The LCD and EL tim- 


ers are programmable 
from 
1 to 15 minutes 
with a 
resolution 
of one minute. 
The resolution 
of the tim- 
ers will be no more 
than 
Va of their 
programmed 
value. 


The 
LCD timer 
and the 
EL timer 
are retriggerable 
and are triggered 
as described 
in the Activity 
Monitor 
section. 
The timer outputs 
are logically 
ANDed 
with 
the power control 
bits selected 
by the power control 


MUX. This provides 
the flexibility 
to turn these 
out- 


puts off when the associated 
timers 
time out, or in 
any 82347 
state. 


The DOZE timer is retriggerable 
and is triggered 
by 
the 
activity 
monitor 
ACTIVITY 
output 
in the 
ON 
state, and triggers the transition 
to DOZE state when 
it times out. 


The SLEEP 
timer 
is triggered 
when 
DOZE 
state 
is 
entered 
and is cleared 
when 
DOZE is exited. 
It ei- 
ther 
generates 
NMI or 
triggers 
the 
transition 
to 
SLEEP state when it times out. 


The SUSPEND 
timer 
is triggered 
when 
the SLEEP 
state is entered 
and is cleared 
when SLEEP is exit- 


ed. If unmasked, 
an NMI will be generated 
when 
it 
times out. 


The LB timer is enabled 
in ON, DOZE and SLEEP. It 
is triggered 
within 
15 seconds 
of when 
LB is first 
detected. 
If not masked, 
NMI is generated 
by the LB 
timer once per minute when it times out, until a peri- 
od of one minute 
elapses 
during which 
LB remains 
continuously 
false. The NMI cause will be identified 
as an LB or LLB interrupt. 
Software 
can maintain 
a 
counter 
and 
display 
a message 
once 
per X inter- 
rupts. It can also monitor 
LLB and shut the computer 
down after Y interrupts 
with LLB true. 


The 82347 logically OR's together 
a number of inter- 
nally generated 
NMI requests 
to produce 
the 
NMI 
output. These requests 
can be masked 
by bits in the 
NMIMASK 
register. 
The INMI input comes 
from ex- 
ternal NMI-generating 
logic such as the parity detec- 
tor, and can be OR'ed with the internal 
NMI requests 
to generate 
NMI when not masked 
by the OS2 bit in 
the 
NMIMASK 
register. 
The 
NMI 
output 
generally 
goes 
to 
the 
CPU 
NMI 
input, 
except 
on 
systems 
where 
it must go to an IRQ. The NMI CAUSE 
code 
bits in the Status 
register 
indicate 
the cause of the 


NMI. An internally 
generated 
NMI is cleared 
by read- 
ing the NMIMASK 
register. 


NMI may be generated 
to indicate 
a low battery. This 
is described 
in the Timers 
section. 


If the MSKSLEEP 
bit is cleared, 
the 82347 
will gen- 


erate 
NMI when the SLEEP timer times out and re- 
main in DOZE 
instead 
of entering 
SLEEP, 
and will 
also generate 
NMI when the activity 
monitor 
causes 
the 82347 to go back to ON. 


NMI 
is also 
generated 
when 
the 
SUSPEND 
timer 
times out. Software 
can then save status and go to 
SUSPEND 
or OFF state. 


A high on the 
EXT input 
while 
not in the 
OFF 
or 
SUSPEND 
state 
will 
generate 
NMI. 
Software 
can 
then save status and go to SUSPEND 
or OFF state. 


If the 
NMI 
is not 
serviced 
within 
% second, 
the 
82347 
assumes 
there 
is no 
software 
support 
for 
SUSPEND, 
and will enter the SUSPEND 
state any- 
way. 


Refresh 
pulses are generated 
automatically 
in SUS- 


PEND if the system 
is not fully static 
(STATIC 
bit is 
low). 
When 
an 
event 
occurs 
that 
would 
put 
the 
82347 
in SUSPEND, 
the 
82347 
drives 
PWGOUT 
and REFRSEL 
low. REFRSEL 
controls 
a MUX which 
takes 
control 
of the RAM away from 
the CPU and 
gives it to the 82347, 
driving 
all CAS lines low and 
allowing 
the 82347 to drive all RAS lines. The 82347 


enters SUSPEND 
and begins generating 
single RAS 
pulses. 
If the SLWREF 
bit in the Control 
register 
is 
low these pulses occur on each edge of the 32 kHz 
clock. If SLWREF 
is high, the pulses occur at % this 
rate. 


SEL[3 
... 
0) 
XTAL Freq (MHz) 
Divisor 
CLKOUT 
(MHz) 
Notes 


0100 
24 
24 
1 
80C286 
0101 
32 
32 
1 
80C286 
0110 
40 
40 
1 
80C286 
0111 
Not Allowed 


1000 
24 
3 
8 
386 
1001 
32 
4 
8 
386-16 
1010 
40 
5 
8 
386-20 
1011 
Not Allowed 


1100 
24 
6 
4 
386LP 
1101 
32 
8 
4 
386LP-16 
1110 
40 
10 
4 
386LP-20 
1111 
Factory Test 


inter 


The 
82347 
will 
continue 
to 
generate 
single 
RAS 
pulse until VPO goes active. The BIOS must not at- 
tempt 
to access 
DRAM 
until 
it is certain 
that 
the 
82347 
has released 
control 
of the DRAM. After the 
first REFRQ 
pulse, which 
indicates 
the core logic is 
not controlling 
refresh, 
the 82347 will stop the. RAS 
and REFRSEL 
will go high. The CPU can then ac- 
cess DRAM. 


Pseudo static 
RAM refresh 
is also supported. 
When 
°REFRSEL 
goes 
low, 
°RAS 
can drive 
°RFSH 
low 
for auto refresh 
mode. 


RI is a rising edge sensitive 
input, intended 
for use 
with a modem 
ring indicator 
output. 
The number 
of 
rising edges 
required 
for this input to be recognized 
is specified 
in bits 0[4 
... 
6) of the Control 
register. 


The default 
is one transition. 
If these 
bits are zero, 
the input is disabled. 
If enabled, 
a rising transition 
on 
this input will force the 82347 to the ON state. 


RTC is an edge sensitive 
input, intended 
for use with 
a real time 
clock 
wakeup 
alarm. 
A rising or falling 
transition 
on this input will force the 82347 to the ON 
state. 


EXT is a rising edge sensitive 
input, intended 
for use 
with 
an external 
pushbutton. 
A rising transition 
on 
this input while the 82347 is in OFF or SUSPEND 
will 
force 
the 
ON 
state. 
A transition 
in ON, 
DOZE 
or 
SLEEP will generate 
NMI. 


EXT is internally 
debounced. 
A rising edge immedi- 
ately generates 
NMI but only if EXT has been sam- 
pled low at least twice 
by a 32-Hz debounce 
clock 
prior to the rising edge. The 82347 
will not respond 
to any activity 
on any wakeup 
input until after 
EXT 
has been sampled 
low twice by the debounce 
clock. 


If the 
BIOS 
supports 
SUSPEND 
and 
RESUME, 
at 
power on the CPU must read the RESUME 
bit in the 
Status register. 
RESUME 
will be cleared 
if the start- 
up is a cold start from OFF and will be set to indicate 
a warm 
start 
(RESUME) 
from 
SUSPEND. 
If RE- 
SUME is cleared 
the wakeup 
bits WU[O ... 
1) in the 
Status 
register 
will be zero, otherwise 
they will indi- 
cate which external 
input caused the RESUME. 
The 
RESUME 
bit will be cleared 
after the Status register 
is read, if write access 
to the 82347 is enabled 
(see 
Register 
Description). 


A circuit 
is provided 
to switch 
PCLK for peripherals. 


The 
unbuffered 
PCLK 
signal 
is applied 
to PCLKIN 
and is passed on to the PCLKOUT 
output when VPO 
is on. When 
VPO is off, PCLKOUT 
will go low syn- 


chronously 
as described 
below. 
In SUSPEND 
and 
OFF, PCLKOUT 
will go low asynchronously. 


If it is necessary 
to stop 
PCLKOUT 
only when 
the 
peripheral 
is in a certain 
state, for example 
not ac- 
cessing 
any memory, 
PCLKSYNC 
must be tied to a 
signal 
synchronous 
with 
PCLK which 
is high when 
PCLKOUT 
is allowed 
to stop, such as an active 
low 
chip select generated 
by that peripheral. 
When VPO 
is off, PCLKSYNC 
is sampled 
on each falling edge of 
PCLK, and PCLKOUT 
will stop synchronously 
in the 
low state 
on the falling 
edge 
when 
PCLKSYNC 
is 
sampled 
high. 
PCLKOUT 
will 
start 
again 
if 
PCLKSYNC 
goes low or the VPO is on. Note that if 
logic 
that 
is 
powered 
down 
by 
VPO 
causes 
PCLKSYNC 
to go low again, 
PCLKOUT 
will begin 
following 
PCLK again. Generally 
this would happen if 
the 
circuit 
that 
receives 
PCLKOUT 
and 
generates 
PCLKSYNC 
is powered 
down in SLEEP. 


PCLKSYNC 
must be tied to the 82347's 
Vee if the 
peripheral 
is powered 
down by VPO or if there is no 
restriction 
as to the time when PCLKOUT 
is allowed 
to stop. PCLKSYNC 
has no effect 
in SUSPEND 
and 
OFF. PCLK and PCLKSYNC 
should be connected 
to 
ground 
if not used. 


The LB and LLB inputs indicate 
low battery 
and low 
low battery. The status of LB and LLB can be read in 
the SUPPLY 
register 
(both low if battery 
is good). A 
low 
battery 
indication 
can 
generate 
NMI 
as 
de- 


scribed 
in the timer section. 
If only one indication 
is 
available 
the other input must be grounded. 


The 82347 
has its own 
private 
°RCRESET 
signal, 


typically 
from 
an external 
RC network. 
This 
signal 
resets only the 82347 when power is first applied 
to 
it. 


The PWRGOOD 
signal from the power supply drives 
the PWGIN pin on the 82347. This is used to gener- 
ate 
the 
PWGOUT 
signal, 
which 
drives 
the 
PWRGOOD 
input of the core logic chip. If the power 
supply does not provide 
PWRGOOD, 
PWGIN should 
be tied to the core logic Vee. 


When 
PWGIN goes low or the CPU commands 
the 
82347 
to enter 
OFF or SUSPEND, 
PW<30UT 
goes 


low. If the system uses DRAM, before entering 
SUS- 
PEND 
the 
82347 
will 
begin 
refreshing 
when 
PWGOUT 
goes low, and will enter SUSPEND 
within 
500 IJ-s. 


When waking up from OFF or SUSPEND, 
the 82347 
can power on all devices 
immediately 
except for the 
LCD 
display 
(VPO and 
VPBIAS) 
and 
EL backlight 
(VP1). 
PWGOUT 
and 
PCLKOUT 
will 
also 
remain 
low. 
After 
PWGIN 
and 
*RCRESET 
are 
high, 
the 
82347 
starts 
a delay. 
After 
0.5 to 
1 second, 
VPO 
turns on, and PCLK is enabled. 
PWGOUT 
then goes 
high. 
VPBIAS 
turns 
on 8 ms to 
16 ms after 
VPO 
turned 
on, 
and 
VP1 
turns 
on 
500 
ms 
after 
VPO 
turned 
on. 


LEAKAGE 
CONTROL 
DURING 
SUSPEND 
AND OFF 


When 
CPU power 
is turned 
off, many inputs to the 
82347 co'uld float, depending 
on system design. This 
could 
result 
in additional 
power 
consumption 
in the 
82347 
input 
buffers. 
Although 
the 
pin 
list 
shows 
these as inputs, in actuality 
some inputs are bidirec- 
tional. Under normal operation 
these are inputs only, 
but following 
a delay of 0.5 to 1 second 
after enter- 
ing SUSPEND 
or OFF the 82347 will drive these 
in- 
put pins low to prevent 
them from floating. 
This de- 
lay allows 
the switched 
power 
to the devices 
that 
normally 
drive these pins to approach 
zero, thus pre- 
venting 
contention. 
These output drivers turn off im- 
mediately 
when 
entering 
the ON state 
to allow the 
system 
to function 
normally. 


The following 
inputs become 
low driven 
outputs 
af- 
ter entering 
SUSPEND 
or OFF: 


A [0 ... 
9], SD[O ... 
7], LD5, READY, 
S(O ... 
2], 


CPUCLK, 
AEN, INMI, INTR, DRQ[O ... 
3], REFRQ, 
PCLK, RES386, 
ADS and EXTACT. 


Some inputs are connected 
to external 
user circuits, 
and are not practical 
for the 82347 to drive. It is the 
responsibility 
of the system designer 
to verify that all 
inputs 
to powered 
CMOS 
devices 
be driven 
during 
all modes. 


VCS, PCLKSYNC, 
EXT, RI, RTC, PWGIN, 
ACPWR, 
GPIO[2 
... 
0], LB and LLB. 


Other 
inputs 
do not present 
a problem. 
ADDRSEL 
and SEL [0 ... 
3] are hardwired 
to Vcc 
or ground. 


RCRESET 
is maintained 
at Vcc 
by an external 
pull- 
up resistor. 
RTCX1 and RTCX2 
are biased 
properly 
internal 
to the 82347. 
In SUSPEND, 
the 82347 
out- 
puts VP[O ... 
7] RAS and REFRSEL 
are in a logic 
state 
determined 
by their 
respective 
register 
pro- 
gramming. 
NMI, CLKOUT, 
and PCLKOUT 
are low. In 
OFF, all 82347 
outputs 
are low, except 
for VP out- 
puts that are programmed 
as high. 


The 82347 
has 3 general 
purpose 
pins that may be 
individually 
programmed 
as inputs, 
outputs, 
or bidi- 
rectionals. 
They default 
to inputs at power on. If not 
used they must be tied high or low to prevent 
leak- 
age, alternatively 
they may be programmed 
as out- 
puts to prevent 
leakage. 
These 
could 
be used for 
monitoring 
power supply status, EEPROM 
interfaces 
or as software 
controlled 
VP outputs, 
for example. 


The 82347 
is accessed 
via an indexed 
address 
and 
data register 
scheme. 
The index value is first written 
to the INDEX register 
and the data is read or written 
at the DATA register port. The ADDRSEL 
pin selects 
the port addresses 
per Table 3: 


ADDRSEL 
Index Register 
Data Register 


0 
26H 
27H 
1 
178H 
179H 


The 
INDEX 
register 
will 
autoincrement 
after 
each 
write, to point to the next register. 
The counter 
only 
wraps 
around 
in the 
CO-DF 
range. 
After 
use, the 
index register 
should 
be left at a value 
outside 
this 
address 
range 
to 
prevent 
inadvertant 
access 
of 
these 
registers. 
The 
INDEX 
register 
is a write-only 
register. 
All data registers 
may be read and written, 
except 
as noted in the descriptions 
below. 


Write 
access 
to 
the 
data 
registers 
is locked 
out 
when entering 
SUSPEND 
or OFF, and when 
power 
is first applied 
to the 82347. 
Bit DO in the SUPPLY 
register will be set to indicate 
that write access is not 
allowed. 
To unlock 
write access, 
the CPU must first 
write to the INDEX register 
(C1 H) and read the SUP- 
PLY register. 


inter 


Register 
Index 


STATUS 
COH 
SUPPLY 
C1H 
CONTROL 
C2H 
ACT MASK 
C3H 
NMIMASK 
C4H 
IORNG 
C5H 
PWRON 
C6H 
PWRDOZE 
C7H 
PWRSLEEP 
C8H 
PWRSUSPEND 
C9H 
POLARITY 
CAH 
OUTPUT 
CBH 
DOZE 
CCH 
SLEEP 
CDH 
SUSPEND 
CEH 
LCD 
CFH 
EL 
DOH 


Bit 
Name 
Function 


07 
RESUME 
Resuming 
from SUSPEND 
(Warmstart) 
06 
WU1 
Wakeup 
Code MSB 
05 
WUO 
Wakeup Code LSB 
04 
NMI2 
} 
03 
NMI1 
NMI cause Code 
02 
NMIO 
01 
STATE1 
State MSB 
DO 
STATEO 
State LSB 


Only DO and 01 are affected 
by a write. The CPU 
can write 
the state 
code 
to this register 
to put the 
82347 in another 
state. Writing OFFh puts the 82347 
in the OFF state. The NMI cause, state and wakeup 
codes are decoded 
as follows: 


NMI 
State 
Wakeup 


Code 
Cause 
Code 
Name 
Code 
Cause 
, 


000 
None, or INMI 
00 
ON 
00 
001 
EXT Input 
01 
DOZE 
01 
EXT Input 
010 
LB 
10 
SLEEP 
10 
RTC Input 
011 
LLB Timeout 
11 
SUSPEND 
11 
Rllnput 
100 
SLEEP Timeout 
101 
SUSPEND 
Timeout 
110 
SLEEP to ON (Activity) 


RCRESET 
clears 
all bits. 
D[2 
... 
41 are cleared 
when 
the 
NMIMASK 
register 
is read. 
D7 is cleared 
after 
the 
STATUS 
register 
is read. 


inter 


This 
register 
has 
different 
functions 
for 
read 
and 
write. 


Bit 
Name 
Function 


D7 
ACPWR 
D6 
GPIN2 
D5 
GPIN1 
D4 
GPINO 
D3 
ACTIVITY 
System Activity 
t'resent 
D2 
LLB 
Low Battery 2 
(Second 
Warning) 
01 
LB 
Low Battery 
1 
(First Warning) 
DO 
LOCKOUT 
82347 Register 
Write-Protected 


Bit 
Name 
Default 
Function 


D7 
Reserved 
0 
D6 
GPOUT2 
0 } 
General 
Purpose 
D5 
GPOUT1 
0 
D4 
GPOUTO 
0 
Outputs 


D3 
Reserved 
0 
- 


D2 
GPEN2 
0 } 


General 
Purpose 
I/O 
D1 
GPEN1 
0 
Direction 
Control 
Bits, 
DO 
GPENO 
0 
1 = Output, 0 = Input 


The GPIO[O ... 
2] pins are programmed 
as inputs or 
outputs 
by D[O ... 
2] and are read and written 
on 
D[4 ... 
6]. For read operations, 
0[0 
... 
2, 4 ... 
6] 
are driven 
directly 
by the input pins. 03 is set when 
system 
activity 
is detected 
and is cleared 
when this 
register 
is read. 


Bit 
Name 
Default 
Function 


D7 
Reserved 
0 
06 
RING2 
0 
} 
RI Pulses Required 
D5 
RING1 
0 
for Turn On 
D4 
RINGO 
1 
Default = 1 
03 
STATIC 
0 
Static CPU and RAM, 
Clock Stops in 
DOZE and SLEEP 
D2 
SLWREF 
0 
1 = Slow Refresh 
DRAM 
D1 
CCLK1 
0 } 


CPUCLK 
Divisor to Slow 
Clock in ON Mode 
DO CCLKO 
0 
Default = Full Speed 


The RING[O ... 
2] bits are used to set the number of 
RI pulses required 
for turn on. The default 
value is 1 
so that only one pulse is required for turn on. If set to 
0, RI is disabled. 
The CCLK[O 
... 
1] bits select 
the 
clock 
divisor 
for CLKOUT 
in the ON mode, 
accord- 
ing to the table. 
Setting 
of CCLK[O 
... 
1] has no 
effect 
on the DOZE/SLEEP 
mode frequency. 


CCLK[O ... 
1] 
Divisor 


0 
1 (Full Speed) 
1 
2 
2 
4 
3 
8 


Bit 
Name 
Default 
Function 


D7 
MSK_IORNG 
1 
Mask Access 
to 
16 Ports at 
10RNG[0 
... 
5] 
D6 
MSLVIDM 
0 
Mask Access 
to 
Video Memory 
D5 
MSLHD 
0 
Mask Hard Disk 
Activity 
D4 
MSLFLP 
0 
Mask Access 
to 
Port 3F5 
03 
MSLSIO 
0 
Mask Access 
to 
Com 1-4 
D2 
MSK_RTC 
1 
Mask Access to 
Port 70h, 71 h 
D1 
MSLKBD 
0 
Mask Keyboard 
Port 
60H Reads 
DO 
MSLPIO 
0 
Mask Access to 
LPT 1, 2 


The activity 
monitor 
ACTIVITY 
output 
is the logical 
OR of all unmasked 
activity 
sources. 
This 
register 
affects 
only the ACTIVITY 
output. 


This register 
masks the various 
NMI sources. 
In the 
default 
state only the INMI input can generate 
NMI. 


• 


intJ 
f 


07 
Reserved 
06 
OS2 
Mask INMllnput 
0 


05 
MSK.-SUSPENO 
Mask SUSPEND 
1 
Timeout 


04 
MSK_SLEEP 
Mask SLEEP 
1 
Timeout 
03 
MSK_LLB 
Mask LLB Input 
1 
02 
MSK.-LB 
Mask LB Input 
1 
01 
MSK_EXT 
Mask EXT Input 
1 


Bjt 
Name 
Default 
Function 


07 
RNGSIZE 
0 
1 = 8 Bytes, 0 = 16 Bytes 


06 
IORNG6 
0 


05 
IORNG5 
0 


04 
IORNG4 
0 


03 
IORNG3 
0 
Maskable 
I/O Range Base 
Address 
(Default 
= 0) 


02 
IORNG2 
0 


01 
IORNG1 
0 
DO 10RNGO 
0 


10RNG[O ... 
6] are the base address 
bits A[3 ... 
9] 
for the maskable 
I/O port range in the activity 
moni- 


tor. RNGSIZE 
is the size of the range. 
10RNGO is 
ignored 
when 
RNGSIZE 
is high. 


The bits in these 
registers 
0[0 
... 
7] corresond 
di- 


rectly with the power control 
outputs 
VP[O ... 
7]. In 
a particular 
state, 
the corresponding 
PWR register 
outputs 
control 
the VP pins. The exception 
is VPO 


and VP1 which are LCD and EL power respectively. 
These outputs 
are logically ANOed with the LCD and 
EL timer outputs 
prior to driving the pins. All bits are 
then logically 
exclusive 
NOR'ed 
with the POLARITY 


register, 
and the result drives the pins. VPBIAS turns 
on 8 ms-16 
ms after VPO and turns off at the same. 


time as VPO. The default 
values 
for these 
registers 


are as follows, 
where 
1 indicates 
that the controlled 
device 
is on: 


Register 
Default 
Value 
Index 


PWRON 
FFh 
C6H 


PWROOZE 
FFh 
C7H 


PWRSLEEP 
OCh 
C8H 
PWRSUSPENO 
OOh 
C9H 


~OO~[Ln[M]nOO~OO)1 
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If a logic 
low is required 
on a VP pin to turn 
the 


external 
device 
on, the corresponding 
bit in the PO- 


LARITY 
register 
must be low. If a high is required, 


set the bit high. The default 
value is OFFH. The po- 


larity of VPBIAS 
is the same as VPO. 


The 
OUTPUT 
register 
is a read 
only 
register. 
For 


each VP[O ... 
7] output 
that is on, the correspond- 
ing bit in the OUTPUT 
register will be equal to 1. The 


content 
of this register 
is sampled 
before the polarity 


register. 


Loading a value into a timer register 
enables 
the tim- 


er and selects 
the timeout. 
All timer registers 
have 4 


valid 
bits 
[0 ... 
3]. 
Data written 
to the 
upper 
bits 


[4 ... 
7] has no effect. 
The upper 
bits are 0 when 


read back. Except for the DOZE timer, all timer reg- 
isters 
can be set for a timeout 
from 
1 to 
15 time 


units, where 
a unit is the resolution 
of the timer. 
A 


zero disables 
the timeout. 
Reading 
a timer 
register 


returns 
the value that was last written 
to it, not the 


actual time remaining. 
The default 
values 
are tabu- 
lated 
below: 


Timer 
Range 
Default 
Index 


DOZE 
%-14 
Sec. 
4 Sec. 
CCH 


SLEEP 
1-15 
Min. 
2 Min. 
COH 


SUSPEND 
5-75 
Min. 
o (Disabled) 
CEH 


LCD 
1-15 
Min. 
2 Min. 
CFH 


EL 
1-15 
Min. 
2 Min. 
DOH 


The DOZE timer programming 
for different 
timeouts 


is tabulated 
below: 


0[3 ... 0] 
Time 
0[3 ... 0] 
Time 


0000 
Disabled 
1000 
1 Sec. 


0001 
% Sec. 
1001 
2 Sec. 


0010 
% Sec. 
1010 
4 Sec. 


0011 
% Sec. 
1011 
6 Sec. 


0100 
V2 Sec. 
1100 
8 Sec. 


0101 
% Sec. 
1101 
10 Sec. 


0110 
% Sec. 
1110 
12 Sec. 


0111 
% Sec. 
1111 
14 Sec. 


inter 


The 
SLEEP 
register 
is a 4-bit 
R/W 
register 
which 
contains 
the SLEEP timeout. 
The default 
value is 2 
minutes 
(0010) 


0[0 ... 3] 
Time 
0[0 ... 3] 
Time 


0000 
Disabled 
1000 
8 minute 
0001 
1 minute 
1001 
9 minute 
0010 
2 minute 
·1010 
10 minute 
0011 
3 minute 
1011 
11 minute 
0100 
4 minute 
11(I:) 
12 minute 
0101 
5 minute 
11.01 
13 minute 
0110 
6 minute 
1110 
14 minute 
0111 
7 minute 
1111 
15 minute 


The SUSPEND 
register 
is a 4-bit R/W register which 
contains 
the SUSPEND 
timeout. 
The default value is 
Disabled 
(0000) 


0[0 ... 3] 
Time 
0[0 ... 3] 
Time 


0000 
Disabled 
1000 
40 minute 
0001 
5 minute 
1001 
45 minute 
0010 
10 minute 
1010 
50 minute 
0011 
15 minute 
1011 
55 minute 
0100 
20 minute 
1100 
60 minute 
0101 
25 minute 
1101 
65 minute 
0110 
30 minute 
1110 
70 minute 
0111 
35 minute 
1111 
75 minute 


The 
LCD register 
is a 4-bit 
READ/WRITE 
register 
which contains 
the LCD timeout. 
The default value is 
2 minutes 
(0010) 


0[0 ... 3] 
Time 
0[0 ... 3] 
Time 


0000 
Disabled 
1000 
8 minute 
0001 
1 minute 
1001 
9 minute 
0010 
2 minute 
1010 
10 minute 
0011 
3 minute 
1011 
11 minute 
0100 
4 minute 
1100 
12 minute 
0101 
5 minute 
1101 
13 minute 
0110 
6 minute 
1110 
14 minute 


·0111 
7 minute 
1111 
15 minute 


The EL register 
is a 4-bit R/W 
register 
which 
con- 


tains the EL timeout. 
The default 
value is 2 minutes 
(0010) 


0[0 ... 3] 
Time 
0[0 ... 3] 
Time 


0000 
Disabled 
1000 
8 minute 
0001 
1 minute 
1001 
9 minute 
0010 
2 minute 
1010 
10 minute 
0011 
3 minute 
1011 
11 minute 
0100 
4 minute 
1100 
12 minute 
0101 
5 minute 
1101 
13 minute 
0110 
6 minute 
1110 
14 minute 
0111 
7 minute 
1111 
15 minute 


• 


inter 


Name 
Type 
Pin No. 
Function 


A(O ... 
9) 
I/O 
13-22 
Address 
Bus, connected 
to the processor 
or system address 
bus, 
depending 
on the type of CPU used. See Table 18 for assignments. 
These 
pins driven low during SUSPEND. 


SD(O ... 
7) 
I/O 
60-53 
Bidirectional 
Tri-State 
data bus lines connected 
to the system data bus. 


These pins driven low during SUSPEND. 


LD(5) 
I/O 
23 
Local CPU data bus bit 5. Connected 
to the CPU data bus. Driven Low 
during SUSPEND. 


READY 
I/O 
32 
CPU Ready Input. This pin driven low during SUSPEND. 


S(O ... 
2) 
I/O 
31-29 
CPU Status Inputs. See Table 18 for assignments. 
These pins are driven 
low during SUSPEND. 


CPUCLK 
I/O 
11 
CPU clock output from core chip set. This is the same clock going to the 
CPU clock input. This pin driven low during SUSPEND. 


SEL(O ... 
3) 
I 
4-7 
CPU type and frequency 
select jumper. Used to select the type and 
operating 
frequency 
of the CPU (see Table 2). 


ADDRSEL 
I 
24 
Selects the I/O address for the 82347 index and data registers. 
A low on 
this line selects 
I/O address 26H and 27H. A high selects 
I/O address 
178H and 179H. 


VPO 
0 
65 
LCD Power Control. 
Used to control 
the LCD panel logic power. Defaults 
to High = On. 


VP1 
0 
66 
LCD EL Backlight 
Power Control. 
Defaults to High = On. 


VP(2 ... 
7) 
0 
67-72 
General 
Purpose Peripheral 
Power Control. 
Defaults to High = On. 


VPBIAS 
0 
59 
Power Control for LOB Bias Supply. Defaults to High = On. 


RAS 
0 
10 
Row address strobe signal for DRAM backup during SUSPEND 
mode. 


VCS 
I 
51 
Video RAM chip select, connected 
to video RAM chip select to trigger 
activity monitor. 


AEN 
I/O 
36 
AEN from Core Logic. This pin driven low during SUSPEND 
mode. 


NMI 
0 
28 
Non Maskable 
Interrupt 
Output to CPU. This pin driven low during 
SUSPEND 
mode. 


INTR 
I/O 
34 
Interrupt 
Request 
Output of 8259. Connect 
to CPU IRQ input. Driven low 
during SUSPEND. 


DRQ(O ... 
3) 
I/O 
61-64 
System DMA Requests. 
These pins driven low during SUSPEND. 


REFRQ 
I/O 
8 
Indicates 
Refresh 
DMA Cycle. This pin driven low during SUSPEND. 


EXT 
I 
45 
External Command 
Input. Typically 
a pushbutton 
switch. See text for more 
description. 


RI 
I 
44 
Ring Indicator from External 
Modem. Can be used to put the system into 
the ON state from OFF or SUSPEND 
state. 


RTC 
I 
43 
Real Time Clock Alarm. Can be used to put the system into the ON state 
from OFF or SUSPEND 
state. 


CLKX1 
I 
1 
CPU Oscillator 
or Crystal Input. Driven high during SUSPEND. 


CLKX2 
0 
80 
CPU Crystal Feedback 
Loop. 


CLKOUT 
0 
2 
Clock Out to Core Chip Set. CLKOUT 
is the clock controlled 
by the 
internal clock divider. This pin is driven low during SUSPEND. 


inter 


Name 
Type 
Pin No. 
Function 


LB 
I 
25 
Low Battery Detect-First 
Warning. 
, 


LLB 
I 
26 
Low Battery Detect-Second 
Warning. 


RCRESET 
I 
74 
Used to initialize the 82347 on initial power up. Connected 
an 
external 
RC reset network. 
A 1 fLF and 1OOkresistor 
should be used 
and connected 
to the backup power. 


REFRSEL 
0 
9 
Signal used to gate 82347 ·RAS to DRAMs during SUSPEND 
mode. 


RTCX1 
I 
40 
EX1ernal oscillator 
input for 32.768 kHz. 


RTCX2 
0 
41 


RTCOUT 
0 
42 
General purpose 
32.768 kHz output. Can be used to drive system 
Real Time clock. 


PCLK 
I/O 
49 
Input for 82347 controlled 
peripheral 
clock. This clock is controlled 
internally 
by VPO. See description 
in the text for more information. 
In 
the clock switching 
feature is not used, this input should be tied low. 


This pin driven low during SUSPEND. 


PCLKSYNC 
I 
48 
Sync signal for switched 
peripheral 
clock. See description 
in the text 
for more information. 
If the clock switching 
feature is not used, this 
input should be timed low. 


PCLKOUT 
0 
47 
Output from 82347 controlled 
peripheral 
clock. 


RES386 
I/O 
75 
Connected 
to the 386 DX/386 
SX reset input from core chip. This pin 
is driven low during SUSPEND. 


ADS 
I/O 
35 
Address 
strobe from 386 DX/386 
SX. This pin is driven low during 
SUSPEND. 


PWGOUT 
0 
78 
Power good signal to core chip logic. This pin is driven low during 
SUSPEND 


PWGIN 
I 
77 
Power good signal from power supply. 


EXT ACT 
I/O 
76 
General 
purpose external 
activity signal input to the activity monitor. 


This pin is driven low during SUSPEND. 
If not used this pin should be 
tied low. 


ACPWR 
I 
79 
Indicates 
the A.C. power is connected. 
This signal will disable the 
internal activity timers. However 
this will not disable the LCD 
backlight 
timer. If not used this pin should be tied low. 


GPIO[O ... 
2] 
I/O 
37-39 
General purpose 
I/O pins. These pins can be used as additional 
power controls 
or used as general purpose 
I/O controls. 
Default is 
set to input. If not used this pin should be tied low. 


INMI 
I 
27 
NMI input from core logic. 


Vcc 
33, 73 
Power (2 Pins) 


GND 
3,12,46,52 
Ground (4 Pins) 


inter 


Pin 
80286 
386TM 


SO 
SO 
D/C 
S1 
S1 
W/P, 


S2 
MIlO 
MIlO 
READY 
READY 
READY 


AO 
SAO 
BLE 


A1-A9 
SA1-SA9 
A1-A9 


RES386 
Ground 
RESET 
ADS 
Ground 
ADS 


ABSOLUTE 
MAXIMUM 
RATINGS* 


(TA = 25°C) 


Power Supply Voltage 
(Vecl 
-0.3V 
to + 7.0V 


Input Voltage 
(VI) 
-0.3V 
to Vee + 0.3V 


Input Current (IIN) 
± 10 mA 


Operating 
Temperature 
Range (Top) 
- 25°C to + 85°C 


Storage 
Temperature 
Range (T S(9) 
- 40°C to + 125°C 


NOTICE: This data sheet contains preliminary infor- 
mation on new products in production. The specifica- 
tions are subject to change without notice . 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings only. Operation 
beyond 
the 
"Operating 
Conditions" 
is not recommended 
and ex- 


tended exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


Limits 


Symbol 
Parameter 
Interfacing 
Units 
with TTL 


Min 
Max 


Vee 
Power Supply Voltage 
4.75 
5.25 
V 


TOPT 
Operating 
Temperature 
0 
70 
°C 


VILT 
Low-Level 
Input Voltage 
(TTL) 
0.8 
V 


V'Le 
Low-Level 
Input Voltage 
(CMOS) 
1.5 
V 


V,HT 
High-Level 
Input Voltage 
(TTL) 
2.0 
V 


V,He 
High-Level 
Input Voltage 
(CMOS) 
3.5 
V 


Vp 
Positive Schmitt Trigger Voltage 
1.4 
2.2 
V 


VN 
Negative 
Schmitt Trigger Voltage 
0.8 
V 


VH 
Hysteresis 
0.4 
0.5 
V 


Limits 
Test 
Symbol 
Parameter 
Units 
Conditions 
Min 
Max 


VOL 
Low-Level 
Output Voltage 
0.4 
V 
TTLandCMOS 


VOH 
High-Level 
Output Voltage 
2.4 
V 
TTL 


IlL 
Low-Level 
Input Current 
-10 
10 
IJ-A 
VIN = VSS 


IIHl 
High-Level 
Input Current 
10 
IJ-A 
VIN = VCC 


IDS 
Output Short Circuit Current 
-100 
mA 
Vo = OV 


VIC 
Input Clamp Voltage 
-1.5 
V 
11= -20 
mA, VCC = 4.5V 


IOLZl 
Output Leakage Current 
-10 
10 
IJ-A 
Hi-Z 


VESD 
Electro-Static 
Voltage 
2000 
V 


ISTANDBY 
Quiescent 
100 
IJ-A 
SUSPEND 
Mode 


lop 
Operating 
Current 
40 
mA 


Pin 
Pin 
Type 
IOL 
IOH 
CLOAD 
Name 
Number 


CLKX1 
1 
OSC-I 


CPUCLK 
2 
C/C 
1 mA 
1 mA 
<50 pF 


CLKOUT 
3 
C 
12 mA 
12mA 
<50 pF 


SELIO ... 
3] 
5-8 
C 


REFRQ 
9 
TIC 
1 mA 
1 mA 
<50 
pF 


REFRSEL 
10 
C 
2mA 
2mA 
<50 pF 


RAS 
11 
C 
6mA 
6mA 
<50 pF 


Alo ... 
9] 
13-22 
TIC 
1 mA 
1 mA 
<50 pF 


L05 
23 
TIC 
2mA 
2mA 
<50 pF 


ADDRSEL 
24 
T 


LB 
25 
C 


LLB 
26 
C 


INMI 
27 
TIC 
1 mA 
1 mA 
<50 pF 


NMI 
28 
C 
2mA 
2mA 
<50 pF 


S[0 ... 
2] 
29-31 
TIC 
1 mA 
1 mA 
' <50 pF 


READY 
32 
TIC 
1 mA 
1 mA 
<50 pF 


NOTES: 
CS 
CMOS Schmitt Trigger Input 
C/C 
CMOS Input/CMOS Output 
TIC 
TTL Input/CMOS Output 
C 
CMOS Level 
T 
TTL Level 
TS 
TTL Schmitt Trigger Input 


• 


intJ 


Pin 
Pin 
Type 
IOL 
IOH 
CLOAD 
Name 
Number 


INTR 
34 
TIC 
1 mA 
1 mA 
<50 pF 


ADS 
35 
TIC 
1 mA 
1 mA 
<50 pF 


AEN 
36 
TIC 
1 mA 
1 mA 
<50 pF 


GPIO(O ... 
21 
37-39 
TIC 
6mA 
6mA 
<50 
pF 


RTCX1 
40 
OSC-I 


RTCX2 
41 
OSC-O 


RTCOUT 
42 
C 
3mA 
3mA 
<20 pF 


RTC 
43 
C 


RI 
44 
TS 


EXT 
45 
C 


PCLKOUT 
47 
C 
12mA 
12 mA 
<50 pF 


PCLKSYNC 
48 
T 


PCLK 
49 
TIC 
1 mA 
1 mA 
<50 pF 


VPBIAS 
50 
C 
6mA 
6mA 
<50 pF 


VCS 
51 
T 


SO(7 ... 
01 
53-60 
TIC 
12mA 
12mA 
<200 
pF 


ORQ(O ... 
31 
61-64 
C 
1 mA 
1 mA 
<50 pF 


VP(O ... 
71 
65-72 
C 
6mA 
6mA 
<50 pF 


RCRESET 
74 
CS 


RES386 
75 
TIC 
1 mA 
1 mA 
<50 pF 


EXT ACT 
76 
TIC 
1 mA 
1 mA 
<50 pF 


PWGIN 
77 
CS 


PWGOUT 
78 
C 
3mA 
3mA 
<50 pF 


ACPWR 
79 
C 


CLKX2 
80 
OSC-O 
<20 pF 


NOTES: 
CS 
CMOS Schmitt Trigger Input 
CIC 
CMOS Input/CMOS 
Output 
TIC 
TIL 
Input/CMOS 
Output 
C 
CMOS Level 
T 
TIL 
Level 


TS 
TIL 
Schmitt Trigger Input 


inter 


Limits 
No. 
Parameter 
Symbol 
Units 
Min 
Max 


t98 
ClKX1 
Rise Time 
tCR 
5 
ns 


t99 
ClKX1 
Fall Time 
tCF 
5 
ns 


t100 
Input ClKX1 
High Time 
tCH 
10 
ns 


t101 
Input ClKX1 
low 
Time 
tCl 
10 
ns 


t102 
ClKOUT 
to CPUClK 
Delay Time 
tCCl 
9 (20 MHz) 
ns 
14 (16 MHz) 
24 (12 MHz) 


t104 
System Address 
Set-Up Time 
tAS 
9 
ns 


t105 
System Address 
Hold Time 
tAH 
6 
ns 


t106 
Write Data Set-Up Time 
tWOS 
9 
ns 


t107 
Write Data Hold Time 
tWDH 
6 
ns 


t108 
Valid Read Data Time 
tRD 
14 
40 
ns 


t109 
Read Data Hold Time 
tRDH 
6 
23 
ns 


t110 
System Address 
Set-Up Time 
tAS 
4 
ns 


t111 
System Address 
Hold Time 
tAH 
20 
ns 


t112 
Write Data Set-UpTime 
tWOS 
4 
ns 


t113 
Write Data Hold Time 
tWDH 
12 
ns 


t114 
Valid Read Data Time 
tRD 
14 
40 
ns 


t115 
Read Data Hold Time 
tRDH 
9 
23 
ns 


t116 
System Address 
Set-Up Time 
tAS 
5 
ns 


t117 
System Address 
Hold Time 
tAH 
20 
ns 


t118 
Write Data Set-Up Time 
tWOS 
5 
ns 


t119 
Write Data Hold Time 
tWDH 
12 
ns 


t120 
Valid Read Data Time 
tRD 
14 
49 
ns 


inter 


Limits 
No. 
Parameter 
Symbol 
Units 
Min 
Max 


t120 
Valid Read Data Time 
tRD 
14 
49 
ns 


t121 
Read Data Hold Time 
tRDH 
9 
23 
ns 


t122 
EXT to VP[2 ... 
7] ON Delay 
tEV 
30 
60 
ms 


t125 
PWGIN ON to VPO ON Delay 
tPIV 
0.5 
1 
s 


t126 
VPO ON to PWGOUT 
ON Delay 
). 
tYPO 
7.8 Typ. 
ms 


t127 
VPO ON to VPBIAS ON Delay 
tVB 
15.6 Typ. 
ms 


t128 
VPO ON to VP1 ON Delay 
tVV 
500 Typ. 
ms 


t129 
PWGOUT 
OFF to VP1 OFF Delay 
tPV 
384 Typ. 
/Ls 


t130 
REFRQ OFF to PWGOUT OFF Delay 
tRPO 
1125 Typ. 
ns 


t131 
RAS Precharge 
Time (Burst Refresh) 
tRP 
125 Typ. 
ns 


t132 
RAS ON Time (Burst Refresh) 
tRASB 
250 Typ. 
ns 


t133 
Burst Refresh to SUSPEND 
Refresh 
Delay 
tBS 
15 
31 
/Ls 


t134 
RAS ON Time (SUSPEND 
Refresh) 
tRASS 
170 
610 
ns 


t135A 
SUSPEND 
Refresh Cycle Time (Regular DRAM) 
tSRC 
15 Typ. 
/Ls 


t135B 
SUSPEND 
Refresh Cycle Time (Slow Refresh 
DRAM) 
tSRC 
124 Typ. 
/Ls 


t136 
REFRSEL 
OFF to RAS (SUSPEND) 
OFF Delay 
tRRAS 
o Typ. 


, 


ns 


t137 
NMlln 
to NMI Out Delay 
tiN 
4 
14 
ns 


t138 
VPO ON to PCLKOUT 
High Delay 
tVAS 
1 PCLK + 4 
1 PCLK + 16 
ns 


t139 
VPO OFF to PCLKOUT 
Low Delay 
tVIS 
See Note 


t140 
PCLKSYNC 
Set Up Time 
tPSU 
3 
ns 


t141 
PCLKSYNC 
Hold Time 
- 
tPH 
0 
ns 


NOTES: 
1. If VPO turned 
off caused 
by SLEEP 
mode, 
the delay is 1 PCLK + 6 ns (Min.), 2 PCLK + 16 ns (Max.). 


2. If VPO turned 
off caused 
by SUSPEND 
or OFF mode, the delay 
is 4 ns (Min.), 
16 ns. (Max). 


inter 


NOTES: 
1. (VCC - 
O.8V) 
2.0.8V 
• 


inter 


NOTES: 
1. If VPO turned 
off caused 
by SLEEP 
mode, 
the delay 
is 1 PCLK + 6 ns (Min.), 2 PCLK + 16 ns (Max.). 


2. If VPO turned 
off caused 
by SUSPEND 
or OFF mode, 
the delay is 4 ns (Min.), 
16 ns. (Max). 


•• 


inter 


EXT 


VP(2 ••7) 


PWGIN 
1125 


VPO 


PWGOUT 


VPBIAS 


VPl 


°REFRQ 


inter 


• 


inter 


82335 SX 
HIGH-INTEGRATION 
INTERFACE DEVICE FOR 
386™ SX MICROPROCESSOR 
BASED PC-AT SYSTEMS 


• 
Operates 
with the 82230 and 82231 to 
Provide 
100% IBM ATTM Compatibility 


• 
Optimized 
for 16 MHz and 20 MHz 
386™ 
SX Microprocessor 
Based PC-AT 
Systems 


• 
Page Mode, Interleaved 
DRAM 
Controller 


• 
Address 
Mapping/Shadow 
ROM 
Support 


• 
387™ 
SX Numeric 
Coprocessor 
Synchronization 
Interface 


• 
Parity Generation 
and Checking 


• 
Low Power, 
High Speed CHMOS 
IV 
Technology 


• 
Available 
in 132 Lead Plastic Quad Flat 
Pack 


The Intel 82335 
SX is a high integration 
interface 
device 
used together 
with the 82230/82231 
to provide 
the 
most cost-effective 
and highest 
performance 
system 
design solution 
for AT-compatible 
386 SX microproces- 
sor based systems. 
The 82335 SX is plug compatible 
with the 82335. 


The 82335 
SX DRAM control 
feature 
is designed 
and optimized 
for the 16 MHz and 20 MHz 386 SX micro- 


processor 
bus architecture. 
The page mode, interleaved 
memory 
design allows 
0 wait state performance 
on 


most memory 
accesses 
with 100 ns DRAM at 16 MHz or 80 ns DRAM at 20 MHz. 


Several 
address 
mapping 
options 
are available 
to provide 
flexibility 
in the system 
memory 
size and configura- 


tion. 


The 82335 SX also provides 
the necessary 
interface 
signals to allow the 387 SX numeric coprocessor 
to run in 
a PCI AT system. The 82335 SX with its intergrated 
parity generation 
and checking 
provides 
system designers 
with data integrity 
and reliability. 
. 


IBM AT is a trademark 
of International 
Business 
Machines 
Corporation. 
386, 387 are trademarks 
of Intel Corporation. 


En ---71 
CLOCK GENERATOR 1 


Reset 
4 
RESET SYN~HRONIZER 


: 
Clk2, Pclk# 


Porh, Parl,Perror# 


At-A23 
Romcs, 
Images, 
Obmem 


I 
i4 
PARITY GENERATOR 
& CHECKER 


• 


inter 


RESETNPX 
ErI 
VSS 
PCLK# 
VCC 
RESETCPU 
REAOY286# 
M/I0286# 
Sl# 
VSS 
SON 
vcc 
ERROR# 
A2 
A3 
A4 
A5 
A6 
A7 
vss 
A8 
vcc 
A9 
Ala 
All 
Al2 
A13 
A14 
Al5 
A16 
A17 
A18 
A19 


EXTROY 
TURBO# 
DO 
01 
02 
03 
04 
05 
06 
07 
08 
09 
010 
011 
012 
013 
014 
015 
Vcc 
PARH 
Vss 
PARL 
OEN# 
OIR 
CASH3# 
CASU# 
RAS3# 
CASH2# 
CASL2# 
RAS2# 
Vcc 
TEST1 
TESTa 


inter 


Address 
Data 
Control 
Control 
Vcc 
Vss 


A1 
113 
DO 
97 
A20GATE 
127 
M/IO# 
116 
5 
3 
A2 
14 
01 
96 
AOS# 
111 
M/l0286# 
8 
12 
10 
A3 
15 
02 
95 
BHE# 
114 
NA# 
106 
22 
20 
A4 
16 
03 
94 
BLE# 
112 
OBMEM 
40 
45 
43 
A5 
17 
04 
93 
BUSYNPX# 
131 
PARH 
80 
51 
49 
A6 
18 
05 
92 
BUSYSX# 
120 
PARL 
78 
55 
53 
A7 
19 
06 
91 
CASHO 
60 
PCLK# 
4 
69 
64 
A8 
21 
07 
90 
CASH1 
63 
PEREQNPX 
101 
81 
79 
A9 
23 
08 
89 
CASH2 
72 
PEREQSX 
121 
110 
105 
A10 
24 
09 
88 
CASH3 
75 
PERROR# 
124 
115 
108 
A11 
25 
010 
87 
CASLO 
59 
RASO# 
58 
130 
128 
A12 
26 
011 
86 
CASL1 
62 
RAS1# 
61 
A13 
27 
012 
85 
CASL2 
71 
RAS2# 
70 
A14 
28 
013 
84 
CASL3 
74 
RAS3# 
73 
A15 
29 
014 
83 
CLK2 
109 
REAOY286# 
7 
A16 
30 
015 
82 
O/C# 
117 
N.C. 
100 
A17 
31 
OEN# 
77 
REAOYSX# 
107 
A18 
32 
OIR 
76 
REFRESH# 
123 
A19 
33 
EFI 
2 
RESETCPU 
6 
A20 
34 
ERROR# 
13 
RESETNPX 
1 
A21 
35 
EXTROY 
99 
RESETSX 
119 
A22 
36 
FM 
66 
ROMCSO# 
39 
A23 
37 
HLOA 
132 
ROMCS1# 
38 
MAO 
56 
HLOASX 
103 
SO# 
11 
MA1 
54 
HRQ286 
122 
SH 
9 
MA2 
52 
HRQSX 
104 
SYSRESET 
126 
MA3 
50 
LMEGCS# 
102 
TESTO 
67 
MA4 
48 
MEMR# 
125 
TEST1 
68 
MA5 
47 
MEMW# 
129 
TURBO# 
98 
MA6 
46 
MMS 
65 
WE# 
57 
MA7 
44 
W/R# 
118 
MA8 
42 
MA9 
41 


The 82335 
SX is implemented 
in a 132-pin plastic 
flatpack 
package 
designed 
for direct surface 
mounting 
on 
component 
boards. 
The following 
is a description 
of the physical 
pin connections. 


Symbol 
Pin 
Type 
Name and Function 
No. 


A1-A23 
14-19, 
I' 
ADDRESS 
INPUTS: These inputs are used to select the dynamic 
RAM 
21, 
address for a memory read or write operation. 
23-37, 
113 


A20GATE 
127 
I 
ADDRESS 
20 GATE: This active high input is used by the keyboard 
controller 
to force A20 low. When A20GATE 
is low, A20 is forced 
low 
internal to the 82335 SX during CPU memory cycles (not OMA or 
master). When A20GATE 
is high, A20 follows 
the CPU address 
input 
from the A20 pin. 


NOTES: 
'The 
following 
conventions 
are used in this table: 


I = Input 
0 
= Output 
I/O 
= Input or Output 
The symbol 
/1 following 
a signal 
name indicates 
that the signal 
is low active. 


inter 


Symbol 
Pin 
Type 
Name and Function 
No. 


AOS# 
111 
I 
ADDRESS 
STATUS: This active low input indicates 
that a valid bus 
cycle definition 
and address 
(WIR#, 
M/lO#, 
O/C#, 
BLE#, 
BHE#, 


and A 1-A23) 
is being driven by the 386™ 
SX microprocessor. 


BHE# 
114 
I 
BYTE HIGH ENABLE: This active low input indicates 
when data is 
being transferred 
on 08-015. 


BLE# 
112 
I 
BYTE LOW ENABLE: This active low input indicates 
when data is 
being transferred 
on 00-07. 


BUSYNPX# 
131 
I 
BUSY NP: This active low input is used by the 387™ 
SX coprocessor 
to indicate that it is busy. It is designed 
to be connected 
directly to 
BUSY # of the 387 SX. BUSYNPX # has a weak internal 
pullup 
resistor. 


BUSYSX# 
120 
0 
BUSY SX: This active low output indicates 
to the 386 SX CPU that the 
387 SX is busy. It is designed 
to be connected 
directly to BUSY # of 
the 386 SX CPU. 


CASHO#- 
60,63, 
0 
COLUMN 
ADDRESS 
STROBE 
(HIGH BYTE): These outputs are used 
CASH3# 
72, 75 
by the high by1e of the dynamic 
RAM array to latch the column address 
present on the MAO-MA9 
pins. They can drive the dynamic 
RAM array 
directly and need no external drivers. 


CASLO#- 
59,62, 
0 
COLUMN 
ADDRESS 
STROBE 
(LOW BYTE): These outputs are used 
CASL3# 
71,74 
by the low byte of the dynamic 
RAM array to latch the column address 
present on the MAO-MA9 
pins. They can drive the dynamic 
RAM array 
directly and need no external 
drivers. 


CLK2 
109 
0 
CLOCK2: This output drives the 386 SX and 387 SX input clocks. 
It is 
generated 
by the External 
Frequency 
Input (EFI) and outputs the same 
frequency 
as EFI (32 MHz or 40 MHz). 


O/C# 
117 
I 
DATA/CONTROL 
SELECT: This input from the 386 SX is used to 
distinguish 
between 
data and control 
bus cycles. 


OEN# 
77 
0 
DATA ENABLE: This active low output is used by the data 
transceivers 
to enable the transfer 
of data between 
the dynamic 
RAM 
array and the local data bus. 


OIR 
76 
0 
DIRECTION: 
This signal is used to control the direction 
input of the 
data transceivers 
which connect 
the dynamic 
RAM array to the local 
data bus. When OIR is high, data is being written into memory. 


015-00 
82-97 
I/O 
DATA BUS: These inputs are used by the 82335 SX for parity 
generation 
and checking 
of data which is transferred 
between 
the local 
bus and the DRAM array. During initialization 
of the 82335 SX, they are 
used to write/read 
control 
words to/from 
the internal memory 
configuration 
registers. 


EFI 
2 
I 
EXTERNAL 
FREQUENCY 
IN: This input is driven by an external 
oscillator. 
It is used by the 82335 SX to generate 
the CLK2 and 
PCLK # output clocks. All internal 82335 SX logic is also driven by EFI. 
The EFI frequency 
is the same as the CLK2 (32 MHz or 40 MHz). 


ERROR# 
13 
I 
ERROR: This input indicates 
when a numeric coprocessor 
error has 
occurred. 
ERROR # is designed 
to be directly connected 
to the 
ERROR # output of the 387 SX and ERROR # input of the 82230. 
ERROR # has a weak pull-up resistor inside the 82335 SX. 


inter 


Symbol 
Pin 
Type 
Name and Function 
No. 


EXTRDY 
99 
I 
EXTERNAL 
READY: This is an active high, level triggered 
input used 
to insert additional 
wait states into local memory bus cycles. 


Deactivation 
of EXTRDY during a local memory or numerics 
coprocessor 
access delays activation 
of the READYSX# 
output until 
EXTRDY is sampled 
active. Deactivation 
of EXTRDY will block (not 
delay) recognition 
of the READY286# 
input. 


FM 
66 
I 
FM and MMS are used to select DRAM operating 
modes. 
Refer to the 
MMS 
65 
I 
DRAM controller 
section for available 
modes. These pins should be 
static after system reset. 


HLDA 
132 
0 
HOLD ACKNOWLEDGE: 
This output indicates 
the 386 SX has 
relinquished 
control 
of the local bus. It is asserted 
in response 
to 
activation 
of the HLDASX input from the 386 SX. It is designed 
to be 
connected 
to the 82231 HLDA input. 


HLDASX 
103 
I 
HOLD ACKNOWLEDGE 
SX: This input is asserted 
by the 386 SX in 
response 
to assertion 
of the 386 SX HOLD pin. It indicates 
that the 
processor 
has relinquished 
'control of the local bus. It is designed 
to be 
connected 
to the 386 SX HLDA output. 


HRQ286 
122 
I 
CPU HOLD REQUEST 
INPUT: This ac.tive high input receives 
hold 
request signals for the 386 SX. It is designed 
to be driven by CPUHRQ 
from the 82231. 


HRQSX 
104 
0 
CPU HOLD REQUEST 
OUTPUT: This active high output drives the 
386 SX HOLD input. It is the HRQ286 
input with the trailing edge 
delayed. 


LMEGCS# 
102 
0 
LOWER 
MEG CHIP SELECT: This output is held low during local 
DRAM accesses 
made to the first megabyte 
of memory 
(OOOOOOH- 
OFFFFFH). 


MA9-MAO 
41,42, 
0 
MULTIPLEXED 
ADDRESS: 
These outputs are designed 
to provide 
44, 
the row and column addresses 
for CPU or DMA access, and row 
46-48, 
addresses 
for refresh access to the dynamic 
RAM array. 


50,52, 
54,56 


MEMR# 
125 
I 
MEMORY 
READ COMMAND: 
This active low input is used to indicate 
when a DMA memory read cycle is being performed. 
It is designed 
to 
be connected 
directly to the -MEMR 
output of the 82230. MEMR # 
. 


can be an asynchronous 
input. 


MEMW# 
129 
I 
MEMORY 
WRITE COMMAND: 
This active low input is used to indicate 
when a DMA memory write cycle is being performed. 
It is designed 
to 
be connected 
directly to the -MEMW 
output of the 82230. MEMW # 
can be an asynchronous 
input. 


M/IO# 
116 
I 
MEMORY /10 SELECT: This input from the 386 SX is used to 
distinguish 
between 
memory and I/O accesses. 


M/10286# 
8 
0 
MEMORY 
I/O SELECT 286: This output emulates 
the M/IO# 
output 
of the 80286. It is used by the 82230/82231 
and other system 
peripherals 
to distinguish 
memory access from I/O access. 
It is also 
used with the status output (SO, S1) to indicate 
halt/shutdown 
and 
interrupt 
acknowledge 
cycles. 


NA# 
106 
0 
NEXT ADDRESS: 
The NA# 
output is used to control 
the address 
pipelining 
of the 386 SX. It must be connected 
to the 386 SX NA # 
input. Consecutive 
local memory accesses 
are always pipelined 
after 
the first access. 


•• 


inter 


Symbol 
Pin 
Type 
Name and Function 
No. 


OBMEM 
40 
0 
ON·BOARD 
MEMORY: 
This active high output indicates 
a local DRAM 
access is in progress. 


PARH 
80 
I/O 
PARITY 
HIGH BYTE: This three state input/output 
is used for the 
upper byte parity bit of data on the local bus (D8- D15). For memory 
write cycles, the 82335 SX outputs the internally 
generated 
parity bit to 
the DRAM array via the PARH pin. During a memory read, the 82335 
SX uses the data received 
at PARH to validate 
the upper byte of data 
from the DRAM array. 


PARL 
78 
I/O 
PARITY 
LOW BYTE: This 3-state input/output 
is used for the lower 
byte parity bit of data on the local bus (DO-D7). 
Its function 
is identical 
to the PARH pin described 
above. 


PCLK# 
4 
0 
PERIPHERAL 
CLOCK: This clock signal is generated 
by dividing the 
EFI input by 2 in 16 MHz operation 
or by 2.5 in 20 MHz operation. 
It is 
designed 
to drive the X3 input of the 82230. 


PEREONPX 
101 
I 
PROCESSOR 
EXTENSION 
REQUEST 
NP: This input is used by the 
387 SX to indicate that it requires a data transfer. 
It is designed 
to be 
connected 
directly to PER EO of the 387 SX. 


PEREOSX 
121 
0 
PROCESSOR 
EXTENSION 
REQUEST 
SX: This output to the 386 SX 
processor 
is used to request a data transfer 
to or from the numeric 
coprocessor. 
It is designed 
to be connected 
directly to PEREO of the 
386SX. 


PERROR# 
124 
0 
PARITY 
ERROR: This active low output indicates 
that the 82335 SX 
has detected 
a parity error in either the upper or lower byte of data 
from the DRAM array. It is designed 
to drive the 82231 DPCK# 
input. 


RASO#- 
58,61, 
0 
ROW ADDRESS 
STROBE: These outputs are used by the dynamic 
RAS3# 
70, 73 
RAM array to latch the row address 
present on the MAO-MA9 
pins. 


The four outputs support 
up to a four-way 
interleaved 
dynamic 
RAM 
configuration 
with page-mode 
access. They drive the dynamic 
RAM 
array directly and need no external drivers. 


READY286# 
7 
I 
READY 286: This active low input is used to indicate the completion 
of 
system 
I/O or memory bus cycles. 
It is designed 
to be driven by the 
82230 READY # pin. 


N.C. 
100 
I 
NO CONNECT: 
This pin is not internally 
connected. 
The 82335 SX will 


(formerly 
generate 
READYSX# 
after 1 wait-state 
on all numerics 
coprocessor 
READYNPX#) 
accesses 
if a coprocessor 
is present 
in the system. 


READYSX# 
107 
0 
READY SX: This active low output indicates 
the completion 
of the 
current bus cycle to the processor. 
It is a function 
of the internally 
generated 
ready signal for local memory, 
on-chip 
I/O, or coprocessor 
accesses, 
and the READY286#, 
EXTRDY, and TURBO# 
inputs. 


REFRESH# 
123 
I 
REFRESH: This active low input is used to notify the dynamic 
RAM 
controller 
that the dynamic 
RAM array requires refresh. 
It is designed 
to be driven by the 82231 
- REFRESH 
output. 


RESETCPU 
6 
I 
RESET CPU: This high active input is used to generate 
the RESETSX 
output which resets the 386 SX CPU. It must be activated 
with 
SYSRESET 
during power-on 
reset. After power-on, 
activation 
of 
RESETCPU 
without 
SYSRESET 
will activate 
RESETSX 
without 
RESETNPX. 
RESETCPU 
is designed 
to be driven by the 82230 RES 
CPU output. 
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Symbol 
Pin 
Type 
Name and Function 
No. 


RESETNPX 
1 
0 
RESET NPX: This output is designed 
to drive the RESETIN 
pin of the 
387 SX. It is activated 
only when SYSRESET 
and RESETCPU 
are both 
active. 


RESETSX 
119 
0 
RESET SX: This output is designed 
to drive the RESET pin of the 
386 SX processor. 
It is a function 
of the SYSRESET 
and RESETCPU 
inputs. 


ROMCSO# 
39 
0 
ROM CHIP SELECT: 
These outputs are used to support 
shadow 
RAM. 


ROMCS1# 
38 
They select the ROMs or EPROMs 
during system initialization. 
If ROM 
shadowing 
is selected, 
the ROMCSO-1 
outputs are disabled 
and the 
ROM (EPROM) 
addresses 
are mapped 
into the DRAM physical 
address space by the 82335 Sx. 


SO# 
11 
0 
BUS CYCLE STATUS: 
The SO# and S1 # outputs indicate 
the 
S1# 
9 
initiation of a system (non-local) 
bus cycle and, along with M/I0286#, 
define the type of bus cycle. 


SYSRESET 
126 
I 
SYSTEM 
RESET: This high active input is combined 
with RESETCPU 
to generate 
the RESETSX 
and RESETNPX 
outputs as well as 
synchronize 
the clock outputs. 
SYSRESET 
is designed 
to be driven by 
the 82230 + RESET output. 


TESTO 
67 
I 
TEST MODE: These inputs are used for special test modes, and must 
TEST1 
68 
be connected 
to Vss during normal operation. 
TESTO is a high active, 
level triggered 
input that disables 
all 82335 SX output buffers when 
active. The TEST1 input is reserved 
and must be connected 
to VSS. 


TURBO# 
98 
I 
TURBO 
MODE SELECT: 
This active low input, when asserted, 
allows 
the 386 SX local bus to run with maximum 
performance. 
Deactivating 
the TURBO# 
input causes the 82335 SX READY generation 
logic to 
insert additional 
wait states into each bus cycle. In the non-turbo 
mode, 386 SX performance 
approximates 
80286 bus efficiency. 


Vcc 
5,12, 
- 
POWER SUPPLY: 
11 VCC pins total. 


22,45, 
51,55, 
69,81, 
110, 115, 
130 


Vss 
3,10, 
- 
GROUND: 
11 Vss pins total. 


20,43, 
49,53, 
64,79, 
105,108, 
128 


WE# 
57 
0 
WRITE 
ENABLE: 
This output is used by the dynamic 
RAM array to 
enable input for a write operation. 
It is designed 
to drive two banks of 
DRAM with no additional 
buffering. 


W/R# 
118 
I 
WRITE/READ 
SELECT: 
This input from the 386 SX is used to 
distinguish 
between 
read and write cycles. 
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2.1 Introduction 


The 82335 SX is a high-integration 
VLSI companion 
chip for the 
Intel 386 SX 32-bit 
microprocessor. 
It 


interfaces 
the 386 SX microprocessor 
to the 387 SX 
numeric coprocessor 
and to the 82230/82231 
highly 
integrated 
peripherals 
to form an AT compatible 
sys- 


tem. The 82335 SX accomplishes 
this by converting 
386 SX processor 
bus cycles 
to 80286 
compatible 
cycles, 
generating 
necessary 
clock signals, and pro- 
viding 
local 
dynamic 
memory 
control. 
Figure 
2.1 
shows 
a block diagram 
of this system. 


1. DRAM Controller 


2. Address 
Mapper/Decoder 


3. Ready Generator 


4. Bus Cycle Translator 


5. Math Coprocessor 
Interface 


6. Clock Generator/Reset 
Synchronizer 


7. Parity Generator/Checker 


Each functional 
block 
is described 
in the following 
sections. 


NOTE: 
To satisfy 
82335 
SX AC timing 
requirements, 
this configuration 
must use the 12 MHz 82230/82231. 
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2.2.1 INTRODUCTION 


The 82335 
SX dynamic 
RAM 
(DRAM) 
controller 
is 
designed 
and optimized 
for the Intel 386 SX Archi· 
tecture. 
It keeps track of 386 SX CPU bus states and 
provides 
the necessary 
signals 
to address 
and r~. 
fresh up to four 16·bit banks of 256K or 1M dynamic 
RAMs. 


To optimize 
memory 
performance 
and flexibility, 
the 
DRAM controller 
has built in support 
for both paging 
and 
bank 
interleaving, 
and 
can 
be configured 
for 
several 
different 
modes 
of operation. 
These 
include 
four 
different 
memory 
modes 
to 
accommodate 
DRAM with different 
levels of performance: 
F1 and 
F4 are for either 100 ns (16 MHz) or 80 ns (20 MHz) 
fast 
page-mode 
DRAMs. 
W01 
and 
W02 
are 
for 
slower 
DRAMs. These modes are described 
in more 
detail in the DRAM mode configuration 
section. 


In addition 
to the four memory 
modes 
available, 
the 
DRAM controller 
can be configured 
to operate 
in ei- 
ther turbo 
or non-turbo 
mode. 
The turbo 
mode 
al- 
lows the 
386 SX microprocessor 
based 
system 
to 
run at peak efficiency, 
while the non·turbo 
mode al- 
lows 
it to approximate 
80286 
bus cycle 
timing 
for 
timing dependent 
software. 


2.2.2 DRAM 
BANK 
CONFIGURATION 


The local 
Dynamic 
RAM for the 386 SX/82335 
SX 
system 
can 
be 
configured 
into 
one, 
two~ or four 
16·bit banks. 
Each 16·bit bank of memory 
IS further 
divided into two 8-bit banks, low and high. Each 8·bit 
bank may contain 
one extra bit for parity. 


Either 
1 Mbyte 
or 256 Kbyte 
DRAM 
may be used. 


The same type of DRAM must be used in all banks 
installed. 
See Figure 2.2 for a block 
diagram 
of the 
82335 SX to DRAM interface. 


The 
exact 
memory 
configuration 
(DRAM 
size 
and 
number of banks installed) 
can be determined 
during 
system 
initialization 
through 
execution 
of a memory 
autoscan 
routine 
in the BIOS. Memory 
configuration 
information 
can then be programmed 
into the mem- 
ory 
configuration 
register, 
roll 
compare 
registers, 
and 
address 
compare 
registers. 
See 
the 
address 
mapping/decoding 
section 
for 
details 
on 
register 
programming. 


For local memory accesses 
the 82335 SX generates 
the 
DRAM 
control 
signals 
Row 
address 
strobe 
(RAS#), 
Column 
address 
strobe 
low 
and 
high 
(CASL# 
and CASH#), 
and Write enable 
(WE#), 
as 
well as the multiplexed 
row and column 
addresses 
(MA). 
Each 
bank 
has 
its 
own 
separate 
RAS#, 


to 386 TM sx CPU 
dota bus 


DRAM 
No. 
Row Address 
Column Address 
Bank 


Mode 
of 
Select 
Size 
Banks 
MA9 
MAS MA7 
MA6 
MAS MA4 MA3 
MA2 
MA1 
MAO MA9 
MAS MA7 
MA6 
MAS MA4 
MA3 
MA2 
MA1 
MAO B1' BO 


F1/F4 
256K 
1 
A10 A11 A12 A18 A17 A16 A15 A14 A13 
A9 
A8 
A7 
A6 
A5 
A4 
A3 
A2 
A1 
0 
0 
F1/F4 
256K 
2 
A19 A11 A12 A18 A17 A16 A15 A14 A13 
A9 
A8 
A7 
A6 
A5 
A4 
A3 
A2 
A1 
0 
A10 
F1/F4 
256K 
4 
A19 A20 A12 A18 A17 A16 A15 A14 A13 
A9 
A8 
A7 
A6 
A5 
A4 
A3 
A2 
A1 
A11 A10 
F1/F4 
1M 
1 
A11 A19 A20 A12 A18 A17 A16 A15 A14 A13 A10 
A9 
A8 
A7 
A6 
A5 
A4 
A3 
A2 
A1 
0 
0 
F1/F4 
1M 
2 
A21 A19 A20 A12 A18 A17 A16 A15 A14 A13 A10 
A9 
A8 
A7 
A6 
A5 
A4 
A3 
A2 
A1 
0 
A11 
F1/F4 
1M 
4 
A21 A19 A20 A12 A18 A17 A16 A15 A14 A13 A10 
A9 
A8 
A7 
A6 
A5 
A4 
A3 
A2 
A1 
A12 A11 
W01/W02 
256K 
1 
A10 A11 A12 A18 A17 A16 A15 A14 A13 
A9 
A8 
A7 
A6 
A5 
A4 
A3 
A2 
A1 
0 
0 
W01/W02 
256K 
2 
A19 A11 A12 A18 A17 A16 A15 A14 A13 
A9 
A8 
A7 
A6 
A5 
A4 
A3 
A2 
A10 0 
A1 
W01/W02 
256K 
4 
A19 A20 A12 A18 A17 A16 A15 A14 A13 
A9 
A8 
A7 
A6 
A5 
A4 
A3 
A11 A10 A2 
A1 
W01/W02 
1M 
1 
A11 A19 A20 A12 A18 A17 A16 A15 A14 A13 A10 
A9 
A8 
A7 
A6 
A5 
A4 
A3 
A2 
A1 
0 
0 
W01/W02 
1M 
2 
A21 A19 A20 A12 A18 A17 A16 A15 A14 A13 A11 
A9 
A8 
A7 
A6 
A5 
A4 
A3 
A2 
A10 0 
A1 
W01/W02 
1M 
4 
A21 A19 A20 A22 A18 A17 A16 A15 A14 A13 A10 
A9 
A8 
A7 
A6 
A5 
A4 
A3 
A11 
A10 A2 
A1 


NOTES: 
;h 
1. When 256K DRAM is installed. the address output MAg is not used. 


o 
2. During refresh the row addresses are internally generated by the 82335 SX and are not affected by the A1-A23 address inputs. 
3. The bank select bits are interpreted as follows: 
B1 BO = 00 
bank 0 selected 
01 
bank 1 selected 
10 
bank 2 selected 
11 
bank 3 selected 
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CASL#, 
and CASH# 
signals. 
The RAS#, 
CASL#, 
and CASH # outputs 
can directly 
drive the DRAM. 


The WE # and Multiplexed 
Address 
lines are com- 
mon to all banks. 
These 
outputs 
can directly 
drive 
approximately 
two banks 
of memory. 
If the capaci- 
tive loading on these outputs 
exceeds 
the maximum 
loadings 
defined 
in the 
AC 
timing 
specifications, 
then they will need to be buffered. 


The 
multiplexed 
address 
outputs 
(MAO-MA9) 
are 
derived 
from the address 
inputs A1-A23 
during 
lo- 
cal memory 
read or write 
operations. 
The way the 
82335 SX translates 
the address 
inputs into row ad- 
dress, 
column 
address, 
and 
bank 
select 
bits 
de- 
pends 
upon 
several 
factors. 
These 
factors 
include 
DRAM size, number of banks installed, 
and mode of 
operation. 
Table 2.1 shows how the input addresses 
are translated .. 


Every DRAM access requires that the DRAM be pro- 
vided 
with 
both 
a row address 
and 
a column 
ad- 
dress. 
A DRAM 
access 
requiring 
both 
a new 
row 
address 
and new column 
address 
has a long cycle 
time which 
requires 
at least 
one wait state. 
Figure 
2.3 shows 
examples 
of DRAM 
cycles 
that 
require 
both new row and new column 
addresses. 


The 
82335 
SX significantly 
improves 
bus perform- 
ance by "paging" 
row addresses. 
Memory 
locations 
sharing 
the 
same 
row 
address 
are 
in the 
same 
"memory 
page". 
When successive 
memory 
access- 
es are in the 
same 
page 
(a page-hit 
memory 
ac- 
cess), only a new column 
address 
is required. 
This 
way, the 
row address 
strobe, 
RAS #, 
can be kept 
active, 
and 
each 
page-hit 
memory 
cycle 
only 
re- 
quires 
a 
new 
column 
address. 
This 
reduces 
the 
memory 
access 
time and allows 
most 
memory 
cy- 
cles to run at zero wait states. 
Figure 2.3 shows ex- 
amples 
of both page-hit 
and page-miss 
cycles. 


The effectiveness 
of page-mode 
operation 
in reduc- 
ing wait states 
is dependent 
upon 
several 
factors. 
The most important 
factors 
are page location, 
page 
size, and page-mode 
cycle time. Page location 
and 
size are discussed 
below and page-mode 
cycle time 
is discussed 
in Section 
2.2.4. 


Page location 
is determined 
by the selection 
of ad- 
dress 
bits 
used 
for 
DRAM 
row 
addresses. 
To in- 
crease 
page-hits 
(zero 
wait 
state 
cycles), 
pages 
should 
be located 
such that successive 
memory 
ac- 
cesses 
are in the same page. The 82335 
SX gener- 
ates 
row addresses 
from 
the higher 
order 
address 
bits. Since these 
bits are less likely to change 
than 
the 
lower 
order 
address 
bits, 
this 
increases 
the 
page-hit 
rate. 


The page-hit 
rate can also be increased 
by increas- 
ing the page size. The page size for a single bank is 
1 
KByte 
if 256K 
DRAM 
chips 
are 
installed 
and 
2 
KByte 
if 
1M 
DRAM 
chips 
are 
installed. 
The 
82335 SX can keep a page of memory active in each 
bank. This can double 
the effective 
page size in a 
two 
bank 
configuration. 
A four 
bank 
configuration 
can effectively 
increase 
the page size by a factor 
of 
four. This increase 
in the active page size can signifi- 
cantly 
improve 
system 
performance. 
A memory 
ac- 


cess to an active 
page in a different 
bank (a page- 
hit-bank-miss) 
only requires 
a new column 
address, 
and therefore 
runs at zero wait states. 


The 82335 
SX keeps 
a memory 
page 
active 
for a 
particular 
bank 
by holding 
the 
RAS# 
signal 
active 
for that bank. The RAS# 
signal for a bank is activat- 
ed by either an access to that particular 
bank or by a 
memory 
refresh. 


RAS# 
deactivation 
can be caused 
by a number 
of 
events. 
In non-turbo 
mode 
RAS# 
is always 
deacti- 
vated 
at the 
end 
of each 
memory 
cycle. 
In turbo 
mode RAS# 
is deactivated 
by a page-miss 
memory 
cycler 
RAS# 
timeout, 
or ending 
successive 
local 
memory 
accesses. 


In addition 
to the RAS# 
deactivation 
events 
in turbo 
mode, 
F1 mode will also deactivate 
the RAS# 
sig- 
nal for the previously 
accessed 
bank when 
a bank 
switch occurs. 


A page-miss 
memory 
cycle in modes 
F4, W01, 
and 
W02 
will deactivate 
the 
RAS # 
signal 
only for the 
bank currently 
being accessed. 
Wait states are then 
inserted 
into the 
memory 
cycle 
to insure 
that 
the 
minimum 
RAS# 
precharge 
time 
required 
by 
the 
DRAM is satisfied. 


RAS# 
deactivation 
can also be caused by a "RAS# 
timeout". 
Dynamic 
RAM chips 
have 
a limit on the 
maximum 
time that RAS# 
can be held active. 
The 
82335 SX controls 
RAS# 
active time with four built- 
in watch-dog 
timers. Once timed-out, 
a RAS# 
signal 


will deactivate 
at the end of the current 
memory 
cy- 
cle. Each timer operates 
independently 
and guaran- 
tees a maximum 
RAS# 
active time of 10 !Jos. 


RAS # signals that have been activated 
in mode F4, 
W01, 
or W02 
and have not been timed-out, 
will re- 
main active while successive 
local memory 
access- 
es are made. If the CPU executes 
a bus cycle other 
than 
a local 
memory 
cycle 
(Le., I/O 
cycle, 
system 
memory 
cycle, etc.) or the CPU bus enters a hold or 
idle state, then all RAS# 
signals will deactivate. 
Ta- 
ble 2.2 summarizes 
RAS # activation. 
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RAS # Activation 


All Modes 
• A memory access is made to a 
RAS# 
for that bank is activated. 


bank. 
• A memory refresh is initiated. 
All RAS# 
signals are activated. 


RAS # De-Activation 


Non-Turbo 
• End of each local memory 
All RAS # are de-activated. 


cycle. 


Turbo F4, 
• A page-miss 
occurs. 
RAS # is de-activated 
for that 
TurboW01, 
bank. 


TurboW02 
• A RAS# 
timeout 
occurs. 
RAS # is de-activated 
for that 
bank. 
• Any cycle other than a local 
All RAS# 
signals are de- 


memory access. 
activated. 


Turbo F1 
• A bank switch occurs. 
RAS # de-activates 
for the 
previous 
bank. 


• A page-miss 
occurs. 
RAS # is de-activated 
for that 
bank. 


• A RAS# 
timeout 
occurs. 
RAS # is de-activated 
for that 
bank. 
• Any cycle other than a local 
All RAS # signals are de- 
memory access. 
activated. 


NOTES: 
1. New RAS'" 
in cycle 
N requires 
one wail-state 
for row address 
latching. 
2. Page-miss-bank-hit 
in cycle 
N + 1. Two wait-states 
are required 
for RAS'" 
precharge 
(Trp). 
3. Page-hit-bank-hit 
in cycle 
N + 2 requires 
no wait-states. 


Figure 2.3. 82335 SX Page Mode DRAM Cycles with New RAS#, 
Page Miss, and Page Hit Cycles in F1/F4 
Modes 


Most fast page-mode 
DRAM have short cycle times 
which 
allow 
zero wait-state 
bus cycles 
on succes- 
sive DRAM accesses. 
Slower DRAM, however, 
have 
longer 
cycle 
times 
which 
require 
wait-states 
to be 
inserted 
between 
successive 
accesses 
to the same 
memory 
bank. The 82335 
SX allows 
most memory 
accesses 
to occur at zero wait-states, 
even for slow 
DRAM, by "interleaving" 
memory 
banks. 


Interleaving 
refers 
to 
alternating 
bank 
accesses. 


Multi-bank 
configurations 
are always 
interleaved. 
In 
fast mode 
(F4/F1), 
banks are interleaved 
in pages. 
In slow mode (W01/W02), 
the lower address 
bit(s) 
are used to interleave 
banks 
by words 
(two bytes). 


Word 
interleaving 
alternates 
bank-hits 
for consecu- 
tive memory 
accesses 
thereby 
increasing 
the cycle 
time 
available 
to 
slow 
DRAM. 
This 
increases 
the 
number of zero wait-state 
page-hit-bank-miss 
cycles 
and improves 
system performance. 
Table 2.1 shows 
the address 
bits used for bank selection. 
An exam- 
ple of two bank interleaving 
in F1 mode is shown 
in 
Figure 2.4. 


The 82335 SX can be configured 
to run in four differ- 
ent 
modes 
to operate 
with 
DRAM 
of various 
per- 


formance 
levels. 
This 
allows 
the 
system 
designer 
considerable 
flexibility. 
There 
are 
two 
modes 
(F1 
and F4) for fast page mode 
DRAM and two modes 
(W01 and W02) for slower 
DRAM. The mode of op- 


eration is selectable 
by setting the input pins FM and 
MMS to the values 
shown 
in Table 2.3. Tables 
2.3A 
and 2.38 
show 
a summary 
of the different 
DRAM 
modes. 
A brief description 
of each mode follows. 


F4: This is a high performance 
mode for fast 100 ns 
DRAM 
at 16 MHz or fast 80 ns DRAM 
at 20 MHz. 


The 
critical 
timing 
specifications 
that 
determine 
which DRAM can use this mode are listed in Tables 
2.3A and 2.38. 
Mode 
F4 allows 
up to four memory 
pages 
to be active 
simultaneously. 
This 
increases 
the page hit rate and allows 
more memory 
cycles to 
run at zero wait-states. 


F1: This mode works 
with the same fast DRAM 
as 
mode 
F4. 
It 
differs 
from 
mode 
F4 
in 
that 
only 


Cycle N 
Cycle N+l 
Cycle N+2 
I 
T2P 
T1P I 
T2P 
T1P I 
T2 
I 
T2P 
T1P I 
T2 
I 
T2P 
PHl PH2 PHl PH2 PHl PH2 PHl PH2 PHl PH2 PHl PH2 PHl PH2 PHl PH2 PHl PH2 


NOTES: 
1. DRAM 
access 
alternates 
between 
banks 
0 and 1. 


2. RAS precharge 
for bank 0 is hidden 
behind 
memory 
access 
of bank 
1 and vice versa. 
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one memory 
page can be kept active at a time. Acti- 
vating 
only one page at a time reduces 
power con- 


sumption. 
Since 
only one page 
is kept active 
at a 


time, 
any bank-miss 
is also a page-miss 
which 
re- 


quires at least one wait-state. 


W01: Mode W01 
can be used with all 100 ns DRAM 


at 16 MHz or all 80 ns DRAM at 20 MHz. Slow page- 
mode 
DRAM 
that 
don't 
meet the critical 
specifica- 


tions 
required 
for modes 
F4 and F1 can be used in 


mode 
W01. 
This 
mode 
inserts 
one 
wait-state 
in 


page-hit-bank-hit 
cycles 
to 
allow 
the 
DRAM 
suffi- 


cient 
cycle 
time. At 20 MHz this mode 
also inserts 


one wait-state 
in page miss cycles to correspond 
to 


DRAM specifications. 
Up to four memory 
pages can 


be kept active simultaneously 
in this mode. 


W02: This mode allows 
inexpensive 
120 ns DRAM 


to be used with the 82335 
SX. It inserts 
additional 


wait-states 
in all cycles 
except 
page-hit-bank-miss 


cycles 
which 
run 
at zero 
wait-states. 
At 
20 
MHz 


there 
is no W02 
mode. At 20 MHz, if FM = 0, the 


82335 
SX will operate 
in W01 
mode 
regardless 
of 


the state of MMS. Up to four memory 
pages can be 


kept active 
simultaneously 
in this mode. 


Some 
programs 
written 
for 80286 
based 
machines 


have 
software 
timing 
loops 
that 
are 
sensitive 
to 


processor 
speed. 
The 
82335 
SX non-turbo 
mode 


feature 
allows it to slow down local memory access- 


es to approximate 
80286 
bus timing. 


The 82335 SX is put into non-turbo 
mode by driving 


the 
TURBO# 
input 
high 
(TURBO# 
> 
VIH). The 


TURBO# 
input is then latched 
internally 
to synchro- 


nize it with DRAM accesses. 
It is latched 
on the fail- 


ing edge of the 82335 SX HLDA output. 
This allows 


TURBO# 
to be an asynchronous 
input. 
Once 
the 


TURBO# 
input has been sampled 
high, a fixed num- 


ber of bus states (six per memory cycle at 16 MHz or 
eight per memory 
cycle at 20 MHz) will be used for 


local 
memory 
accesses. 
The TURBO# 
input does 


not affect 
DMA cycle time. Figures 4.7A and 4.7B in 


the A.C. timing 
diagram 
section 
show 
examples 
of 


non-turbo 
mode read and write cycles. 


The 82335 SX controls 
DRAM refreshing 
in addition 


to controlling 
DRAM 
accesses. 
A DRAM 
refresh 
is 


initiated 
by asserting 
a hold request 
(HRQ286), 
re- 


ceiving 
a hold acknowledge 
(HLDA), 
and then puls- 


ing the REFRESH# 
input low. The 82335 
SX then 


performs 
a "RAS 
only" 
refresh 
(no CAS# 
signals 


are generated). 
Once 
the refresh 
is completed 
(all 


banks 
have 
received 
a 
RAS# 
pulse), 
the 
RE- 


FRESH # 
and 
HRQ2B6 
inputs 
can 
be deasserted. 


REFRESH# 
should 
not be asserted 
until the 
hold 


request 
has been acknowledged 
by the 82335 
SX. 


Once asserted, 
the REFRESH # input must be held 


active for the minimum 
refresh period (see specifica- 


tion T83 in the A.C. specification 
section). 
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Max 
Wait States 
Critical 
FM MMS 
Mode 
Pages 
Page Hit 
Page Miss 
New 
DRAM Type 
DRAM 
Active 
Bank Hit Bank Miss Bank Hit Bank Miss 
RAS 
Specifications 


1 
1 
F4 
4 
0 
0 
2 
2 
1 
100 ns Fast 
teAS ~ 35 ns 
Page Mode 
tCAC ~ 35 ns 
tcp ~ 20 ns 


1 
0 
F1 
1 
0 
NA 
2 
1 
1 
100 ns Fast 
tCAS ~ 35 ns 
Page Mode 
teAC ~ 35 ns 
tcp ~ 20 ns 


0 
1 
W01 
4 
1 
0 
2 
2 
1 
All 100 ns DRAM 


0 
0 
W02 
4 
2 
0 
3 
3 
2 
120 ns DRAM 


Max 
Wait States 
Critical 
FM 
MMS 
Mode 
Pages 
Page Hit 
Page Miss 
New 
DRAM Type 
DRAM 
Active 
Bank Hit Bank Miss 
Bank Hit 
Bank Miss 
RAS 
Specifications 


1 
1 
F4 
4 
0 
0 
2 
2 
1 
80 ns Fast 
tCAC ~ 30 ns 
Page Mode 
tcp ~ 20 ns 
tCAS ~ 30 ns 


1 
0 
F1 
1 
0 
NA 
2 
1 
1 
tRP ~ 45 ns 
tAA ~ 75 ns 
tRSH ~ 30 ns 


0 
X 
W01 
4 
1 
0 
3 
3 
2 
All 80 ns DRAM 
tRP ~ 90 ns 
and some 
tCAS ~ 50 ns 
100 ns DRAM 
tep ~ 40 ns 


tRSH ~ 50 ns 


NOTES: 
1. This table 
assumes 
the following 
input status: 
TURBO" 
,,; VIL max., EXTRDY 
;;, VIH min. 


2. The first local 
memory 
access 
following 
an idle cycle 
or bus cycle 
other 
than 
a local 
memory 
access 
requires 
one extra 
wait-state 
to switch 
from 
non-pipelined 
to pipelined 
operation. 


3. Definitions: 
New RAS 
= The RAS" 
signal for a given 
bank transitions 
from 
an inactive 
to an active 
state. 
Page hit 
= An access 
made to an active 
memory 
page. 
Page miss 
= An access 
made to a memory 
page that is not currently 
active. 
Bank hit 
= An access 
to the same memory 
bank accessed 
in the immediately 
preceding 
bus cycle. 


Bank miss 
= An access 
to a memory 
bank that was not immediately 
preceded 
by an access 
to the same bank. 


TCAS 
= Column 
Address 
Strobe 
pulse width. 


TCAC 
= Column 
Address 
Strobe 
access 
time. 
TCP 
= Column 
Address 
Strobe 
precharge 
time. 
TRP 
= Row Address 
Strobe 
precharge 
time. 


TAA 
= Column 
Address 
access 
time. 


TRSH 
= Row Address 
Strobe 
hold time. 


im4 IS Incrementea 
oy one at the beginning-or-~ 
respectively. 
If the configuration 
register 
bit for an 
every 
refresh. 
The refresh 
address 
appears 
on the 
area is cleared, 
then 
any access 
to an address 
in 
address 
lines MAO-MA9 
(MAO-MA8 
if 256K DRAM 
that area will be from 
ROM 
(or from 
system 
video 
are used) and is followed 
by RAS# 
activation. 
The 
RAM for the video area). If the configuration 
register 
address 
inputs A23:A 1 are ignored 
during refresh. 
bit for an area is set, then any access 
to that area 
will be from local memory. 
Each area can be shad- 


owed 
independently. 
Note 
this 
matches 
82335 
shadowing 
exactly. 
During a refresh 
cycle, 
each bank of memory 
is re- 
freshed 
when 
its 
RAS# 
signal 
activates. 
The 
82335 
SX staggers 
RAS# 
activation 
to reduce 
cur- 
rent surge during refresh. 
RAS# 
activation 
for each 
memory 
bank is separated 
by one PCLK # clock cy- 
cle 
and 
remains 
active 
for 
approximately 
two 
PCLK# 
cycles. 
All RAS# 
signals are activated 
dur- 
ing a refresh 
cycle 
if the REFRESH# 
input is held 
active 
long 
enough 
(see 
A.C. 
timing 
specification 
T83). 
If less than four memory 
banks 
are installed, 
the REFRESH# 
input may be de-activated 
after the 
installed 
banks have been refreshed. 
When the RE- 
FRESH# 
input 
is de-activated, 
any 
active 
RAS# 
signals will de-activate 
and the refresh 
cycle will be 
truncated. 
Figure 
4.13 
in the 
A.C. timing 
diagram 
section 
shows 
refresh timing. 


Several 
address 
mapping 
and decoding 
options 
are 
provided 
to improve 
performance 
and allow flexibility 
in the system 
memory 
size and configuration. 
These 
options 
include 
ROM/EPROM 
shadowing, 
mapping 
up to 512K 
addresses 
above 
the 
top 
of physical 
memory 
into physical 
addresses, 
and decoding 
input 
addresses 
to generate 
chip select signals. Selection 
of these options 
is done via programming 
of the con- 
figuration, 
roll compare, 
and address 
compare 
regis- 
ters. 


Shadowing 
refers to copying data from slow memory 
devices 
like ROM and EPROM 
memories 
into RAM 
to speed 
up memory 
accesses. 
Since access 
to lo- 
cal RAM is much faster than ROM, this can improve 
BIOS performance 
considerably. 
The 82335 SX has 
built-in 
support 
for shadowing 
three 
different 
areas 
of memory: 
BIOS 
ROM, 
adapter 
ROM, 
and 
video 
RAM. Figure 2.5 shows the memory 
address 
ranges 
for each area. At least one megabyte 
of local memo- 
ry must be installed 
to use the shadowing 
feature. 


Shadowing 
can be done in two ways, each with dif- 
ferent 
granularity. 
For 128 Kbyte 
granularity, 
shad- 
owing 
can 
be 
selected 
for 
the 
BIOS 
ROM 
area 
(OEOOOOH-OFFFFFH), 
adapter 
ROM 
area 
(OCOOOOH-ODFFFFH), 
or 
video 
RAM 
area 


The 
second 
way has granularity 
of 32 Kbyte. 
The 
granularity 
is selected 
by programming 
the EXGRAN 
bit (bit 0) of the Granularity 
Enable register 
(I/O 
ad- 


dress 2CH). If EXGRAN 
= 0, then 128 Kbyte shad- 
owing 
as discussed 
in the 
previous 
paragraph 
is 
used. The 82335 SX powers 
up with EXGRAN 
= O. 


If EXGRAN 
= 1 then 32 Kbyte granularity 
is used. 


If 32 Kbyte granularity 
is used, video 
RAM is shad- 
owed the same way as in the 128 Kbyte granularity 
configuration. 
Shadowing 
of the 
BIOS and adaptor 
ROM areas 
is implemented 
in 32 Kbyte 
granularity 
by programming 
the 
Extended 
Granularity 
register 
(I/O 
address 
2EH). Each bit in the register 
controls 
shadowing 
of one 32 Kbyte segment 
in the address 
range 
OCOOOOH-OFFFFFH. 
The 
ENADP# 
and 
ROMEN# 
bits in the configuration 
register 
must be 
high if any 32 Kbyte 
segment 
in the respective 
ad- 
dress range needs to be shadowed. 
Section 
2.3.4.4 
and 2.3.4.5 contain 
more information 
on the Granu- 
larity Enable 
Register 
and the Extended 
Granularity 
Register 
respectively. 


The 
BIOS 
ROM 
area 
FEOOOOH-FFFFFFH 
is ad- 
dressable 
regardless 
of the shadow 
options 
select- 


ed. An access 
to an address 
in this region 
will al- 
ways be from ROM. 


When shadowing 
the BIOS ROM and adapter 
ROM, 


the 
ROM contents 
must 
be copied 
to the shadow 
RAM area. Since 
an access 
to one of these 
areas 
will access 
either the ROM or the RAM (not both), 
the following 
steps 
can be used to copy 
the 
ROM 
contents 
to the shadow 
area. 


a. Set configuration 
register 
to reflect 
correct 
DRAM 
size and number 
of banks installed, 
and clear the 
ROMEN # bit (enable 
BIOS ROM access). 


b. Set address 
range compare 
registers 
to top of lo- 
cal memory 
(at least 1 MByte). 


c. Copy contents 
of BIOS ROM to a temporary 
buff- 
er in low memory 
(e.g., 040000h-05FFFFh). 


d. Jump to code in temporary 
buffer to continue 
exe- 
cution while enabling 
shadowing. 


e. Set the ROMEN # bit in the configuration 
register 
to enable 
BIOS shadowing. 


inter 


f. If 32 Kbyte granularity 
is desired 


1. Set EXGRAN 
= 1. 


2. Set the shadow 
bits in the Extended 
Granularity 
register 
that 
correspond 
to the address 
range 
desired 
for shadowing. 


g. Copy contents 
of temporary 
buffer to BIOS shad- 
ow RAM area. 


h. Jump back to high memory 
to execute 
code from 
BIOS shadow 
RAM area. 


L If 32 Kbyte granularity 
was selected, 
set the write- 
protect 
bits 
in the 
Extended 
Granularity 
register 
that correspond 
to the address 
range 
desired 
for 
write-protecting. 


a. Set configuration 
register to reflect correct 
DRAM 
size and number of banks installed, 
and clear the 
ENADP# 
bit (enable 
adapter 
ROM access). 


b. Set address 
range compare 
registers 
to top of lo- 
cal memory 
(at least 1 MByte). 


c. Copy 
contents 
of adapter 
ROM 
to a temporary 
buffer in low memory 
(e.g., 040000h-05FFFFh). 


d. Set the ENADP# 
bit in the configuration 
register 
to enable 
adapter 
shadowing. 


e. If 32 Kbyte granularity 
is desired 


1. Set EXGRAN 
= 1. 


2. Set the shadow 
bits in the Extended 
Granulari- 
ty 
register 
that 
correspond 
to 
the 
address 
range desired 
for shadowing. 


f. Copy 
contents 
of 
temporary 
buffer 
to 
adapter 
shadow 
RAM area. 


g. If 32 Kbyte granularity 
was selected, 
set the write- 
protect 
bits in the 
Extended 
Granularity 
register 
that correspond 
to the address 
range desired 
for 
write-protecting. 


....-..t 
BIOS 
ROM 
....-..t Adopter 
ROM 
....-..t Video 
RAM 


lM~100000H 
OFFFFFH 


OEOOOOH 
OOFFFFH 


OCOOOOH 
OBFFFFH 


OAOOOOH 
09FFFFH 


OOOOOOH 


LOCAL 
DRAM ADDRESS 
SPACE 


Roll address 
mapping 
is a method 
of utilizing 
DRAM 
memory 
space 
that 
may otherwise 
not be accessi- 
ble. 
The 
memory 
space 
between 
640K 
and 
1M 
(OAOOOOh-OFFFFFh) is set aside for ROM and sys- 
tem 
video 
RAM 
in AT 
compatible 
systems. 
This 
space 
may also be associated 
with DRAM 
memory 
(e.g., one bank of 1M DRAM will reside at the physi- 
cal address 
space 
OK-2M). 
The 
"hidden" 
DRAM 
memory 
that resides 
in the same address 
space as 
the ROM and system video RAM can be either shad- 
owed or it can be "rolled". 
Address 
rolling refers to 
•• 
re-mapping 
one address 
space to another. 


The 82335 
SX allows 
two memory 
address 
spaces 
to be defined; 
physical 
and logical. The physical 
ad- 
dress 
space 
corresponds 
to the amount 
of DRAM 
physically 
connected 
to 
the 
82335 
SX 
(e.g., 
one 
bank of 1M DRAM 
has the physical 
address 
space 
OM-2M). 
The logical 
address 
space 
is the address 
range that the microprocessor 
sees as usable. 
The 
82335 
SX allows 
the 
logical 
address 
space 
to be 
larger than the physical 
address 
space. This is done 
by 
remapping 
logical 
addresses 
from 
above 
the 
physical 
address 
space 
(the "roll 
address" 
region) 
into the physical 
address 
space hidden by the ROM 
and 
video 
RAM 
areas. 
The 
physical 
memory 
be- 
tween 
512K and 640K 
may also be roll addressed 
when 
a 512K 
base memory 
is selected. 
Figure 
2.6 
illustrates 
address 
rolling from a logical to a physical 
address. 


The amount 
of logical 
memory 
that can be rolled 
is 
dependent 
upon the amount 
of physical 
memory 
in- 
stalled, 
the base memory 
selected 
and the shadow 
options 
selected. 
Up to 512K logical 
address 
space 
can be rolled 
into physical 
addresses 
in 128 Kbyte 
blocks. 
At least one megabyte 
of physical 
memory 
must be installed 
to utilize roll addressing. 


Four 
physical 
DRAM 
areas 
can 
be utilized 
by roll 
addressing. 
These 
are 
called 
the 
BIOS 
ROM 
(OEOOOOh-OFFFFFh), 
ADAPTOR 
ROM 
(OCOOOOh- 
ODFFFFh), 
VIDEO 
RAM (OAOOOOh-OBFFFFh), 
and 
EXTRA 
(080000h-09FFFFh) 
areas. 
The 
BIOS 
ROM. ADAPTOR 
ROM, and VIDEO RAM areas can 
be selected 
for roll addressing 
if they are not select- 
ed 
for 
shadowing 
(configuration 
register 
bits 
ROMEN#, 
ENADP#, 
and ENV# 
= 0). The EXTRA 
area 
can be selected 
for roll addressing 
if a base 
memory 
of 512K is selected 
(memory 
configuration 
register 
bit S640 = 0). Each area can be selected 
independently 
of the others. 


inter 


i[ 


logical 
addresses 
r•••map~d 
to-q 


," 
I BIOS 
ROlli 
I 
1281< 


128K 
I Adapter 
ROW I 


128K 
I Video 
RAW 
I 


128K 
640K 


512K 


The 
number 
of DRAM 
areas 
selected 
for 
roll ad- 
dressing 
determine 
the 
size 
of 
the 
roll 
address 
space. The address 
range for this roll address 
space 
is programmed 
via the roll compare 
registers. 
The 
roll address 
space must be programmed 
to start on 
a 512 K boundary 
above 
the top of the physical 
ad- 
dress space. 
It can be programmed 
such that there 
is a gap between 
the physical 
memory 
connected 
to 
the 82335 
SX and the roll address 
space 
(e.g., to 
accommodate 
add-in memory 
boards). 
See Section 
2.3.4.2 for details 
on roll compare 
register 
program- 
ming. 


r---li8K--c~ 
..---------4 
128K 
B I 
.---------4 
128K 
•. I 


128K 


SHADOWED 


1281< 


1281< 


EXAMPLE: 
Assume: 
• 
512K 
base memory 
• ADAPTOR 
ROM shadowed 
• 
BIOS ROM and VIDEO 
RAM not shadowed 
• 
384K 
roll address 
space 
(3 blocks) 


Memory 
locations 
addressed 
in 
the 
roll 
address 
space 
do not map linearly 
into physical 
memory 
lo- 
cations. 
Which 
roll 
address 
block 
maps 
to which 
physical 
memory 
block 
is controlled 
by the shadow 
and base memory 
options 
selected 
and the number 
of 128K by1e blocks 
in the roll address 
space. Table 
2.4 indicates 
how the roll address 
space 
maps into 
the physical 
address 
space 
for the various 
shadow 
and memory 
configurations 
available. 


Figure 2.7 is an example 
illustrating 
how roll address 
blocks 
map into physical 
memory 
blocks. 


+ 
Roll 
addrns 
space 
+ 


~ 
TOP Of 
PHYSICAL 
W[WORY 1 


,1.1 
IBIOS ROY 


Physical 
address 


T 


From Table 
2.4, the following 
block 
mapping 
is found 
for this example: 
Block 
A maps to BIOS area 
Block 
B maps to VIDEO 
area 
Block C maps to EXTRA 
area 


inter 


# of 
Order of Logical Memory 
Blocks Not 
Blocks 
Blocks Rolled into 
Shadowed 
Rolled 
Physical 
Memory 
Blocks 


A 
B 
C 
0 


EXTRA 
1 
EXTRA 


VIDEO 
1 
VIDEO 


ADAPTER 
1 
ADAPTER 


BIOS 
1 
BIOS 


EXTRA, VIDEO 
1 
VIDEO 
2 
VIDEO 
EXTRA 


EXTRA, ADAPTER 
1 
ADAPTER 
2 
ADAPTER 
EXTRA 


EXTRA, BIOS 
1 
BIOS 
2 
BIOS 
EXTRA 


VIDEO, ADAPTER 
1 
ADAPTER 
2 
ADAPTER 
VIDEO 


ADAPTER, 
BIOS 
1 
BIOS 
2 
BIOS 
ADAPTER 


VIDEO, BIOS 
1 
BIOS 
2 
BIOS 
VIDEO 


EXTRA, VIDEO, 
1 
ADAPTER 
ADAPTER 
2 
ADAPTER 
VIDEO 
3 
ADAPTER 
VIDEO 
EXTRA 


EXTRA, ADAPTER, 
1 
BIOS 
BIOS 
2 
BIOS 
ADAPTER 
3 
BIOS 
ADAPTER 
EXTRA 


EXTRA, VIDEO, 
1 
BIOS 
BIOS 
2 
BIOS 
VIDEO 
3 
BIOS 
VIDEO 
EXTRA 


VIDEO, ADAPTER, 
1 
BIOS 
BIOS 
2 
BIOS 
VIDEO 
3 
BIOS 
VIDEO 
ADAPTER 


EXTRA, VIDEO, 
1 
EXTRA 
ADAPTER, 
BIOS 
2 
EXTRA 
VIDEO 
3 
EXTRA 
VIDEO 
ADAPTER 
4 
EXTRA 
VIDEO 
ADAPTER 
BIOS 


LEGEND: 
Physical 
Memory 
Block Addresses 
BIOS AREA 
= OEOOOOh-OFFFFFh 
ADAPTER 
AREA 
= OCOOOOh-ODFFFFh 
VIDEO 
AREA 
= OAOOOOh-OBFFFFh 
EXTRA 
AREA 
= 080000h-09FFFFh 


Logical 
Memory 
Block Order 
Area A = lowest 
roll address 
memory 
block 
Area D = highest 
roll address 
memory 
block 


'Figure 
2.6 illustrates 
logical 
memory 
block 
order 


!__• 
• 


There are seven registers 
in the 82335 SX that con- 
trol 
the 
operation 
of 
the 
address 
mapping 
and 
DRAM control 
options. 
These 
registers 
are the con- 
figuration, 
roll 
compare 
(RC1 
and 
RC2), 
address 
range 
compare 
(CCO and CC1), granularity 
enable, 
and 
extended 
granularity 
registers. 
Each 
of these 
registers 
reside 
in 
the 
local 
I/O 
space 
of 
the 
82335 
SX and'are 
read/writable 
until the LOCK bit 
has been set in the configuration 
register. 
The con- 
tents and purpose 
of each register 
are described 
in 
the following 
sections. 


The 82335 
SX contains 
a one-bit 
parity 
check 
en- 
able 
register 
(PARCHEN). 
This 
register 
is a write 
only register 
and is not affected 
by the status of the 
LOCK bit in the configuration 
register. See the Parity 
Generator/Checker 
section 
for details 
on this regis- 
ter. 


The memory 
configuration 
register 
resides at I/O lo- 
cation 22H upon system 
reset and is used to select 
a number 
of address 
mapping 
and 
DRAM 
control 
options. 
Upon reset, all bits in this register 
are set to 
zero. Figure 2.8 shows 
the bits used in the memory 
configuration 
register. The purpose 
of each bit is de- 
scribed 
in the following 
paragraphs. 


ROMEN #: 
This 
bit 
is used 
to 
enable 
or 
disable 
shadowing 
of the 
BIOS 
ROM/EPROM 
in the 
ad- 
dress 
range 
OEOOOOH-OFFFFFH. 
When 
this 
bit is 
cleared, 
BIOS ROM shadowing 
is disabled. 
A mem- 
ory read in this range will access 
ROM by asserting 
ROMCSO# 
or ROMCS1 # 
and by deactivating 
the 
OBMEM 
output. 
If BIOS 
ROM 
shadowing 
is dis- 
abled, this memory 
space 
can be accessed 
via roll 
addressing. 
See 
roll 
address 
mapping 
(Section 
2.3.3) for details 
on address 
re-mapping. 


15 
I 
LOCK 


11 
10 
9 


VRO 
I 
ENV# 
IENADP# 
IROMSIZEI 


4 


DSIZE 
I 
S640 


Bit 
Name 
Function 
Position 


0 
ROMEN# 
o = Enable 
BIOS ROM/EPROM 
Accesses 
(OEOOOOH-OFFFFFH) 
1 = Disable 
BIOS ROM/EPROM 
Accesses, 
Shadow 
Enabled 


3 
S640 
o = Base Memory 
Size is 512K 
1 = Base Memory 
Size is 640K 


4 
DSIZE 
o = 256K DRAM Installed 
1 = 1 Mb DRAM Installed 


7,6 
INTERL 
00 = 1 Mem. Bank Installed 
(Note 1) 
01 = 2 Mem. Bank Installed 
(Note 1) 
10 = 2 Mem. Bank Installed 
(Note 1) 


11 = 4 Mem. Bank Installed 
(Note 1) 


8 
ROMSIZE 
o = 256K ROM/EPROM 
1 = 512K ROM/EPROM 


9 
ENADP# 
o = Enable Adaptor 
ROM/EPROM 
Accesses 
(OCOOOOH-ODFFFFH) 
1 = Disable Adaptor 
ROM/EPROM 
Accesses, 
Shadow 
Enabled 


10 
ENV# 
o = Enable Video RAM Accesses 
(OAOOOOH-OBFFFFH) 
(Note 2) 


1 = Disable Video RAM Accesses, 
Shadow 
Enabled 


11 
VRO 
Video Read Only 
o = Video Area Read-Write 
(OAOOOOH-OBFFFFH) 
1 = Video Area Read-Only 


15 
LOCK 
o = Enable all Configuration 
Register 
Accesses 
1 = Disable all Configuration 
Register 
Accesses 


NOTES: 
1. When 
more than one bank of memory 
is installed, 
banks 
are always 
interleaved. 
2. For AT compatible 
operation, 
Video 
RAM should 
be' enabled 
(ENV# 
= 0). 


inter 


When this bit is set, and EXGRAN 
and the extended 
granularity 
register 
is set appropriately, 
BIOS ROM 
shadowing 
is enabled 
and memory 
accesses 
to this 
address 
range 
are made from 
local 
DRAM. 
During 
shadow 
DRAM accesses, 
the OBMEM 
signal is as- 
serted 
and the ROMCSO# 
and ROMCS1 # signals 
are disabled. 


S640: This bit selects 
the base memory 
size. When 
cleared, 
a base memory 
of 512K is selected. 
When 
set, a base 
memory 
of 640K 
is selected. 
If a base 
memory 
of 
512K 
is selected, 
the 
address 
range 
080000H-09FFFFH 
can 
be accessed 
via 
roll ad- 
dressing. 
See roll address 
mapping 
(Section 
2.3.3) 


for details 
on address 
re-mapping. 


DSIZE: This bit is used to indicate 
the type of DRAM 


installed. 
When 
cleared, 
it indicates 
256K 
DRAM 
and 
when 
set, 
it 
indicates 
1M 
DRAM 
installed. 
DRAM sizes cannot 
be mixed. When 256K DRAM is 
installed, 
the 
multiplexed 
address 
line 
MA9 
is not 
used. 


INTERL: 
These 
two 
bits 
indicate 
the 
number 
of 
banks 
of memory 
installed. 
When 
more 
than 
one 
memory 
bank is installed, 
the banks 
are always 
in- 
terleaved. 
If the INTERL bits are set for one memory 
bank, RAS and CAS signals are generated 
for bank 
O. If set to two bank operation, 
RAS and CAS signals 
are generated 
for banks 0 and 1. If set to four bank 
operation, 
RAS and CAS signals 
are generated 
for 
banks 0 and 1. The 82335 SX does not allow 3 way 
interleaving. 
Therefore 
if the INTERL 
bits are set to 
three, the 82335 SX will default 
to 2 bank operation, 


Le., RAS and CAS will be generated 
for banks 0 and 
1 only. 


ROMSIZE: 
This bit indicates 
the size of the installed 
ROM/EPROM. 
When 
cleared, 
it indicates 
256K 
bit 
ROM/EPROM 
and when 
set, it indicates 
512K 
bit 
ROM/EPROM 
is installed. 
This bit also affects 
the 
ROMCSO# 
and ROMCS1 # address 
decode 
ranges 
when ROM shadowing 
is disabled. 
See Chip Select 
Signals 
(Section 
2.3.5) for further 
information. 


ENADP#: 
This bit is used to enable or disable shad- 
owing of the adapter 
ROM area. If cleared, 
adapter 
ROM 
shadowing 
is disabled 
and 
accesses 
to the 
memory 
range 
OCOOOOH-ODFFFFH 
will 
be 
made 
from 
ROM. 
When 
this bit is set and EXGRAN 
and 
the extended 
granularity 
register 
is set appropriately, 
adapter 
ROM shadowing 
is enabled 
and memory ac- 
cesses 
in this 
range 
will 
be from 
local 
DRAM. 
If 
adapter 
ROM 
shadowing 
is disabled, 
this 
memory 
space can be accessed 
via roll addressing. 
See roll 
address 
mapping 
(Section 
2.3.3) 
for details 
on ad- 
dress re-mapping. 


ENV #: This bit is used to enable or disable 
shadow- 
ing of the external 
video RAM. If cleared, video RAM 
shadowing 
is disabled 
and accesses 
to the memory 
range OAOOOOH-OBFFFFH will be made to/from 
the 
system 
video 
RAM. If set, video 
RAM shadowing 
is 
enabled 
and memory 
accesses 
in this range will be 
to/from 
local 
DRAM. 
For AT compatible 
operation, 


video RAM shadowing 
should be disabled 
(ENV # = 


0). If video RAM shadowing 
is disabled, 
this memory 
space can be accessed 
via roll addressing. 
See roll 
address 
mapping 
(Section 
2.3.3) 
for details 
on ad- 
dress re-mapping. 


VRO: 
This 
bit selects 
either 
read/write 
access 
or 
read 
only 
access 
from 
the video 
RAM 
area 
when 
shadowing 
is selected. 
When video RAM shadowing 
is enabled 
and this bit is set, the local video 
RAM 
area will be read only, otherwise 
it will be available 
for both read and write access. 


LOCK: This bit enables 
or disables 
external 
access 
to the 
configuration, 
roll 
compare, 
granularity 
en- 


able, extended 
granularity, 
and address 
range com- 


pare registers. 
When this bit is cleared 
the following 
conditions 
will exist: 


• The 
configuration, 
roll 
compare, 
granularity 
en- 
able, 
extended 
granularity, 
and 
address 
range 
compare 
registers 
will 
be read/writable 
at even 
I/O addresses 
from 22H-2EH 


• The status outputs 
SO# and S1 # will not be gen- 
erated for these 
I/O addresses 


• If EXGRAN 
= 0, the shadowing 
DRAM 
area will 
be available 
for both reading 
and writing 


• If EXGRAN 
= 1, the write 
protect 
bits in the ex- 
tended 
granularity 
register 
will 
determine 
which 
shadowing 
DRAM 
areas are read-only 
and which 
are read-writable 


• If video 
RAM 
shadowing 
is selected, 
VRO# 
will 
determine 
if the video 
shadow 
area 
is read-only. 


Video 
RAM shadowing 
operates 
the same way in 
the 82335 
SX as it does in the 82335. 


When 
the LOCK 
bit is set, the following 
conditions 
will exist: 


• The 
configuration, 
roll 
compare, 
granularity 
en- 


able, 
extended 
granularity, 
and 
address 
range 
compare 
registers 
will not be accessible 
external 
to the 82335 
SX 


• The status outputs 
SO# and S1 # will be generat- 


ed for I/O addresses 
between 
22H-2EH 


• If BIOS 
or adapter 
ROM 
shadowing 
is selected 
and EXGRAN 
= 0, then the shadowed 
area(s) will 
read-only 


• If EXGRAN 
= 1, the write 
protect 
bits in the ex- 


tended 
granularity 
register 
will 
determine 
which 
shadowing 
DRAM 
areas are read-only 
and which 
are read-writable 


• 


• If video 
RAM 
shadowing 
is selected, 
VRO# 
will 
determine 
if the video 
shadow 
area is read-only. 
Video 
RAM shadowing 
operates 
the same way in 
the 82335 
SX as it does in the 82335 


Once the lock bit is set, the configuration, 
roll com- 
pare, address 
compare, 
granularity 
enable, 
and ex- 
tended 
granularity 
registers 
can only 
be accessed 
again by resetting 
the system 
using the SYSRESET 
input. 
It is recommended 
that the LOCK 
bit be set 
after the 82335 
SX is properly 
configured. 


The 
lock bit does 
not affect 
the operations 
of I/O 
Ports 061 H or OFOH. Writing to these ports writes to 
both the 82335 
SX and the 82230. 
Since this is an 
I/O write to the 82230, the 82230 is required 
to end 
the cycle by activating 
READY286#. 


When 
writing 
to the 82335 
SX registers, 
all bits are 
written 
over. Care should 
be taken to insure that all 
bits of the data to be written are set for the intended 
operation. 


2.3.4.2 Roll Compare 
Registers 


Two roll compare 
registers, 
RC1 and RC2, are used 
to re-map 
logical 
addresses 
to physical 
addresses. 
The input address for a memory access is compared 
with the 
roll address 
ranges 
programmed 
into the 
roll compare 
registers. 
If the input address 
is a logi- 
cal 
address 
within 
the 
roll 
address 
area, 
the 
82335 
SX internally 
translates 
it to a physical 
ad- 
dress and outputs 
the translated 
address to the mul- 
tiplexed 
address 
bus (MAO-MA9). 


The size and location 
of the roll address 
area is pro- 
grammable. 
The size of the roll address 
area can be 
128K, 256K, 
384K, 
or 512K 
bytes depending 
upon 
the shadow 
and base memory 
options 
programmed 
into the memory 
configuration 
register. 
Each memo- 
ry block 
(BIOS, adapter, 
or video) 
that is not shad- 
owed 
adds 
128K 
to the 
memory 
available 
for roll 
addressing. 
If a base 
memory 
of 512K 
is selected, 
then another 
128K block of memory 
is available 
for 
roll addressing. 


The 
roll 
address 
area 
can 
be 
located 
anywhere 
above 
the 
physical 
memory 
and 
must 
start 
on 
a 
512K 
boundary. 
The' 82335 
SX allows 
the roll ad- 
dress area to be discontinuous 
from the local memo- 
ry address 
space. 
This allows 
system 
designers 
to 


accommodate 
external 
memory 
cards 
requlnng 
hardware 
switch 
settings 
to work 
independently 
of 
address 
rolling options 
selected. 


The roll address 
area must be programmed 
to be a 
single 
contiguous 
area. 
Each 
roll compare 
register 
can 
be programmed 
to decode 
a 128K, 
256K, 
or 
512K 
roll 
address 
space. 
If a 384K 
roll 
address 
space 
is desired, 
then 
one 
register 
can 
be 
pro- 
grammed 
to decode 
a 256K address 
space and the 
other to decode 
an adjacent 
128K address 
space. 
If 
a 128K, 256K, or 512K roll address area is desired, it 
can be programmed 
into one register 
and the other 
register 
can be disabled. 


The size and location 
of the roll address 
area is set 
by programming 
three sections 
in each roll compare 
register. These sections 
are referred 
to as the "com- 
pare data", 
"address 
mask", 
and "compare 
enable" 


sections. 
Figure 2.9 shows 
the three 
parts of each 
roll compare 
register. 
Each 
of these 
roll compare 
register 
parts 
are described 
in the 
following 
para- 
graphs. 


The compare 
data bits (C23-C17) 
are used to spec- 
ify the starting 
address 
of the roll address 
area cov- 
ered 
by that 
register. 
These 
bits 
should 
be 
pro- 
grammed 
to match the address 
bits A23 - A 17 of the 
first address 
in the address 
space 
selected 
for that 
register. 
If only one roll compare 
register 
is used, the 
roll address 
space 
must start on a 512K 
boundary 
(C17 = C18 = 0). If two roll compare 
registers 
are 
used, then the first register 
must be programmed 
to 
start on a 512K 
boundary 
and the second 
register 
must be programmed 
to be contiguous 
with the first 
roll compare 
register. 
The examples 
at the end of 
this section 
illustrate 
roll compare 
register 
program- 
ming. 


The address 
mask bits (M23-M17) 
are used to se- 


lect the size of the roll address 
area covered 
by that 
register. 
For each 
mask 
bit that 
is set, the 
corre- 


sponding 
input address 
bit and compare 
data bit are 
compared 
for a match. 
If a mask bit is cleared, 
the 
corresponding 
input address 
bit and compare 
data 
bits are ignored. 
If all mask bits are set, the roll ad- 


dress 
area 
covered 
by 
that 
register 
will 
be 
128 Kbytes. 
If mask bit M17 is cleared, 
the register 
will cover a 256 Kbyte roll address 
area. If both M17 
and M18 are cleared, 
the register 
will cover a 512K 
byte roll address 
area. 


inter 


RC1 = 110 Address 
24H 
RC2 = 110 Address 
26H 


Enables 
roll 
address 
mapping 


Selects 
address 
bits to be 
included 
in re-mapping 
comparison 
(10123-10117) 


Selects 
address 
range 
to be re-mapped 
(C23-C17) 


The compare 
enable 
bit (EN) enables 
roll address 
checking 
for that register. 
If EN is set, roll address- 
ing is enabled 
for that register. 
If EN is cleared, 
roll 
addressing 
is disabled 
for that 
register 
and its ad- 


dress 
mask 
and 
compare 
data 
bits 
are 
ignored. 
Upon reset, both roll compare 
registers 
are disabled 
and the compare 
data 
and address 
mask 
bits are 
undefined. 


The roll compare 
registers 
RC1 and RC2 are located 
at the 
I/O 
addresses 
24H 
and 
26H 
respectively. 
They can both be read and written 
to until the lock 
bit is set in the memory 
configuration 
register. 
Once 
the lock bit is set, these 
registers 
are not externally 
accesssible 
until the 82335 SX is reset by activating 
the SYSRESET 
input. 


Example 
#1 


4 Banks of 256K x 1 DRAM Installed 


- 
S640 
= 
0, 
ROMEN# 
= 
1, ENADP# 
= 
0, 
ENV # = 0 (384K Roll-Over 
Avail.) 


- 
Top 
of 
Physical 
Address 
Space 
1FFFFFH 
(2M) 


Roll 
Decode 
Range 
Selected 
380000- 
3DFFFF 
(384K) 


Register 
EN 
C23- 
M23- 
Address 
C17 
M17 
Range 


RC1 
1 
001110x 
1111110 
380000-3BFFFF 
(256K) 


RC2 
1 
0011110 
1111111 
3COOOO-3DFFFF 
(128K) 


In this example, 
both roll compare 
registers 
are re- 
quired to decode 
the 384K roll address 
area. 


Example 
#2 


- 
2 Banks of 1M x 1 DRAM 
Installed 


S640 
= 
1, ROMEN# 
= 
1, ENADP# 
ENV# 
= 0 (256K Roll-Over 
Avail.) 


- 
Top 
of 
Physical 
Address 
Space 
= 
3FFFFFH 
(4M) 


- 
Roll 
Decode 
Range 
Selected 
= 
600000H- 
63FFFFH 
(256K) 


Register 
EN 
C23- 
M23- 
Address 
C17 
M17 
Range 


RC1 
1 
011000x 
1111110 
600000H-63FFFFH 
(256K) 


RC2 
0 
xxxxxxx 
xxxxxxx 
None 


In this example, 
the 256K 
roll address 
area can be 
decoded 
with only one register. 
Therefore, 
the other 
register 
has been disabled. 


2.3.4.3 
Address 
Range 
Compare 
Registers 


Two address 
compare 
registers, 
CCO and CC1, are 
used 
to differentiate 
local 
memory 
accesses 
from 
system 
memory 
accesses 
(off-board 
memory). 
When 
a memory 
access 
is initiated, 
the 
input 
ad- 
dress 
is compared 
with 
the 
address 
range 
pro- 
grammed 
into the address 
range compare 
registers. 


If the 
input 
address 
is within 
the 
local 
memory 
space, 
then the 82335 
SX sets the OBMEM 
output 
high and initiates a local memory cycle. If the memo- 
ry address 
input is outside the local memory 
address 
space, 
then the OBMEM 
output 
is cleared 
and the 
286 style control 
signals SO#, S1 #, and M/10286# 


are output 
to initiate an off-board 
memory 
access. 


If either of the roll compare 
registers 
(RC1 or RC2) 


are 
enabled, 
any 
address 
translation 
required 
is 
done before the input address 
is compared 
with the 
address 
ranges 
in address 
compare 
registers. 


Both address 
range 
compare 
registers 
work 
identi- 


cally. 
When 
an address 
comparison 
is made, 
the 
output of both registers 
is logically 
"ORed" 
together. 


Therefore, 
either 
register 
can be used for address 
range 
checking. 
The 
second 
address 
range 
com- 
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register 
be disabled 
by clearing 
its compare 
enable 
bit (EN). The following 
paragraphs 
refer to the active 
address 
range compare 
register. 


The address 
range compare 
register 
is designed 
to 
indicate 
the 
location 
and size of the local 
memory 
address 
space. This address 
space must start at ad- 
dress 
OOOOOOHfor proper 
DRAM 
addressing. 
The 
size of the 
local 
memory 
space 
is designed 
to be 
programmed 
into the address 
range compare 
regis- 
ter by the 
BIOS. 
For dynamic 
memory 
sizing, 
the 
BIOS could execute 
a memory autoscan 
routine that 
would determine 
the DRAM size being used and the 
number 
of 
banks 
installed. 
The 
size 
of 
the 
local 
memory 
address 
space 
could 
be calculated 
from 
this 
data 
and programmed 
into the address 
range 
compare 
register. 


If 
an 
address 
space 
greater 
than 
512K 
is 
pro- 
grammed 
into the address range compare 
register, a 
memory 
access 
in the 080000H-OFFFFFH 
address 
range 
may not be considered 
a local 
memory 
ac- 
cess. 
This 
depends 
upon 
the 
base 
memory 
and 
shadow 
options 
selected 
in the memory 
configura- 
tion 
register. 
If a 512K 
base 
memory 
is selected 
(S640 
= 
0), 
then 
the 
address 
range 
080000H- 
09FFFFH 
is 
considered 
non-local. 
If 
the 
BIOS 
(OEOOOOH-OFFFFFH), 
adapter 
(OCOOOOH- 
ODFFFFH), 
or 
video 
(OAOOOOH-OBFFFFH) 
areas 
are 
enabled 
(not 
shadowed), 
then 
each 
area 
not 
shadowed 
is considered 
non-local 
memory. 


The size and location 
of the local memory 
address 
space 
is set by programming 
three 
sections 
in the 
address 
range compare 
register. 
These sections 
are 
referred 
to as the "compare 
data", 
"address 
mask", 
and 
"compare 
enable" 
sections. 
These 
sections 
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address 
compare 
register. 
Each 
of these 
address 
compare 
register parts are described 
in the following 
paragraphs. 


The compare 
data bits (C23-C19) 
are used to spec- 
ify the starting 
address 
of the local memory 
address 
space. These 
bits should 
all be programmed 
to ze- 
roes 
to start 
the 
local 
memory 
address 
space 
at 
OOOOOOH. 


The address 
mask bits (M23-M19) 
are used to se- 
lect the size of the local memory 
address 
space. For 
each 
mask 
bit that 
is set, the corresponding 
input 
address bit and compare 
data bit are compared 
for a 
match. 
If a mask 
bit is cleared, 
the corresponding 
input address 
bit and compare 
data bits are ignored. 


Table 2.5 shows 
how to program 
the compare 
data 
and 
address 
mask 
bits for 
all valid 
local 
memory 
configurations. 


CCo = 1/0 Address 
28H 
CC1 = I/O Address 
2AH 


Enables 
address 
range 
comparison 
S.I.c\s address bits \0 b. 
included 
in address 
range 
comparison (1123-1119) 


Sp.cifies top 01 address rang. (C23-C19) 
240590-11 


Figure 2.10. Bit Functions 
of the 
Address 
Range Compare 
Registers 


Register 
EN 
C23-C19 
M23-M19 
Address 
Range 


CCO 
1 
00000 
11111 
000000H-07FFFFH 
(512K) 


CCO 
1 
OOOOX 
11110 
000000H-OFFFFFH(1M) 


CCO 
1 
OOOXX 
11100 
OOOOOOH-1 FFFFFH 
(2M) 


CCO 
1 
OOXXX 
11000 
000000H-3FFFFFH(4M) 


CCO 
1 
OXXXX 
10000 
000000H-7FFFFFH(8M) 


NOTES: 
1. This table assumes 
register 
CC1 is disabled 
(EN = 0). 
2. Register 
CC1 could 
be enabled 
over the above 
address 
ranges 
in place of register 
CCO. 


inter 


The compare 
enable 
bit (EN) enables 
address 
range 
checking 
for that register. 
If EN is set, address 
range 
checking 
is 
enabled 
for 
that 
register. 
If 
EN 
is 
cleared, 
address 
range checking 
is disabled 
for that 
register 
and its address 
mask and compare 
data bits 
are ignored. 
If both address 
range compare 
registers 
are disabled, 
then all memory 
accesses 
will be non- 


local. 
Upon 
reset 
the CCO register 
is enabled 
and 
programmed 
for a 512K 
local 
memory 
space, 
and 
the CC1 register 
is disabled. 


The 
address 
compare 
registers 
CCO and CC1 are 
located 
at the I/O addresses 
28H and 2AH respec- 
tively. They are both read/writable 
until the lock bit 
is set in the memory 
configuration 
register. Once the 
lock bit is set, these 
registers 
are not externally 
ac- 
cessable 
until the 82335 SX is reset by activating 
the 
SYSRESET 
input. 


2.3.4.4 
Granularity 
Enable 
Register 


The Granularity 
Enable register 
is located 
at I/O lo- 
cation 
2CH. This register 
is not in the 82335. 
It has 


two functions. 


The EXGRAN 
bit (bit 0) enables 
extended 
granulari- 
ty. If EXGRAN 
= 0, then the 82335 
SX will shadow 
the same way the 82335 does with 128K granularity. 
The Extended 
Granularity 
Register 
will have no ef- 
fect. EXGRAN 
= 0 upon powerup. 


If EXGRAN 
= 1, then the 82335 
will shadow 
and 
write-protect 
with 32 Kbyte granularity 
according 
to 
the Extended 
Granularity 
register. 


The 
SPDSEL 
bit (bit 15) selects 
which 
speed 
the 
82335 SX will run at. If SPDSEL = 0, the 82335 SX 
will 
assume 
a 32 
MHz 
EFI 
(16 
MHz 
operation). 


PCLK # will be a divide by 2 of EFI (see Figure 4.1 A), 
DRAM 
control 
will 
correspond 
to Table 
2.3A, 
and 
NON-TURBO 
mode accesses 
will take 6 T-states. 
If 
SPDSEL 
= 0 and EFI is 32 MHz, the A.C. Specifica- 
tions 
will 
match 
the 
16 MHz 
column 
in the 
A.C. 
Specifications 
Table. 
SPDSEL 
= 0 upon powerup. 


If 
EFI 
= 
40 
MHz 
(20 
MHz 
operation) 
SPDSEL 
should 
be 
set 
to 
1 immediately 
by the 
BIOS. 
If 
SPDSEL 
= 1, PCLK # will be a divide by 2.5 of EFI 
(see Figure 
4.1 B) DRAM 
control 
will correspond 
to 
Table 
2.3B, 
and NON-TURBO 
mode 
accesses 
will 
take 
8 
T-states. 
If 
SPDSEL 
= 
1 
and 
EFI 
is 
40 
MHz, 
the 
A.C. 
Specifications 
will 
match 
the 
20 MHz column 
in the A.C. Specifications 
Table. 


When 
writing 
to the SPDSEL 
bit, the 
PCLK output 
will change 
between 
a divide by 2 and a divide by 2.5 
of EFI before 
the 82335 
SX returns 
READYSX # to 
end the write cycle. 
Due to internal 
synchronization 
requirements 
there 
may be a delay of up to 20 wait 
states 
before 
READYSX# 
is activated 
to terminate 
the cycle. 


When 
writing 
to the Granularity 
Enable 
register 
all 


other 
bits besides 
bits 0 and 
15 should 
be set to 
zero. Once 
the 
LOCKbit 
is set, this 
register 
is not 


externally 
accessible 
until the 82335 
SX is reset by 
activating 
the SYSRESET 
input. 


2.3.4.5 
Extended 
Granularity 
Register 


The Extended 
Granularity 
register 
is located 
at I/O 
address 
2EH. This register 
is not in the 82335. 
Its 
function 
is to increase 
the granularity 
of shadowing 
and write-protect 
for the address 
range 
OCOOOOH- 
OFFFFFH. EXGRAN 
must equal 1 for this register to 
have any effect 
on 82335 SX operation. 


Shadowing 
can only occur if the corresponding 
bit in 
the 
configuration 
register 
is inactive. 
For example, 


ENADP# 
must be high (shadowing 
enabled) 
if any 


32 Kbyte block 
in the adapter 
ROM space 
is to be 
shadowed. 
Similarly, 
if no 
32 
Kbyte 
block 
in the 
adapter 
ROM 
space 
is 
to 
be 
shadowed, 
then 
ENADP# 
should be low. ROMEN# 
works the same 


way. The function 
of each of the bits in the Extended 
granularity 
register is shown in Figure 2.10. Once the 
lock bit is set this register 
is not externally 
accessa- 


ble until the 82335 SX is reset by activating 
the SYS- 


RESET 
input. 
Note 
that 
the write-protect 
bits take 
effect 
immediately 
upon programming. 
They do not 


wait for the LOCK bit to be set to take effect. 


When 
the extended 
granularity 
feature 
is used and 
BIOS is shadowed 
from ROM, it is recommended 
to 
shadow 
the entire BIOS from OEOOOOhto OFFFFFh. 


When only part of the BIOS ROM is shadowed 
with 
extended 
granularity, 
any 
unshadowed 
block 
be- 


tween OEOOOOhand OFFFFFh will not be accessible 
to the CPU. 


inter 


Bit 
Name 
Function 
Position 


15 
ROMEN7# 
o = Disable Shadow 
F8000H-FFFFFH 
1 = Enable Shadow 
F8000H-FFFFFH 


14 
ROMEN6# 
o = Disable Shadow 
FOOOOH-F7FFFH 
1 = Enable Shadow 
FF7FFFH 


13 
ROMEN5# 
o = Disable Shadow 
E8000H-EFFFFH 
1 = Enable Shadow 
E8000H-EFFFFH 


12 
ROMEN4# 
o = Disable Shadow 
EOOOOH-E7FFFH 
1 = Enable Shadow 
EOOOOH-E7FFFH 


11 
ROMEN3# 
0= 
Disable Shadow 
D8000H-DFFFFH 
1 = Enable Shadow 
D8000H-DFFFFH 


10 
ROMEN2# 
o = Disable Shadow 
DOOOOH-D7FFFH 
1 = Enable Shadow 
DOOOOH-D7FFFH 


9 
ROMEN1# 
o = Disable Shadow 
C8000H-CFFFFH 
. 
1 = Enable Shadow 
C8000H-CFFFFH 


8 
ROMENO# 
o = Disable Shadow 
COOOOH-C7FFFH 
1 = Enable Shadow 
COOOOH-C7FFFH 


7 
WRPRT7 
Shadow 
RAM at F8000H-FFFFFH 
in Read/Write 
Mode 0 = Read/Write 
(Default), 


1 = Read Only (Write Protected) 


6 
WRPRT6 
Shadow 
RAM at FOOOOH-F7FFFH 
in Read/Write 
Mode 0 = Read/Write 
(Default), 


1 = Read Only (Write Protected) 


5 
WRPRT5 
Shadow 
RAM at E8000H-EFFFFH 
in Read/Write 
Mode 0 = Read/Write 
(Default), 


1 = Read Only (Write Protected) 


4 
WRPRT4 
Shadow 
RAM at EOOOOH-E7FFFH 
in Read/Write 
Mode 0 = Read/Write 
(Default), 


1 = Read Only (Write Protected) 


3 
WRPRT3 
Shadow 
RAM at D8000H-DFFFFH 
in Read/Write 
Mode 0 = Read/Write 
(Default), 
1 = Read Only (Write Protected) 


2 
WRPRT2 
Shadow 
RAM at DOOOOH-D7FFFH 
in Read/Write 
Mode 0 = Read/Write 
(Default), 
1 = Read Only (Write Protected) 


1 
WRPRT1 
Shadow 
RAM at C8000H-CFFFFH 
in Read/Write 
Mode 0 = Read/Write 
(Default), 


1 = Read Only (Write Protected) 


0 
WRPRTO 
Shadow 
RAM at COOOOH-C7FFFH 
in Read/Write 
Mode 0 = Read/Write 
(Default), 


1 = Read Only (Write Protected) 


inter 


The 
address 
mapper/decoder 
uses 
the 
configura- 
tion, roll compare, 
and address 
range compare 
reg- 
ister contents 
along with input addresses 
to gener- 
ate the following 
output 
signals: 


ROMCSO# 
- 
ROM 0 Chip Select 


ROMCS1 # - 
ROM 1 Chip Select 


LMEGCS 
- 
Lower 
Meg Chip Select 


OBMEM 
- 
On-Board 
Memory 
Address 
Range 


The 
ROM 
chip 
select 
signals 
are functions 
of the 
ROMSIZE 
and 
ROMEN# 
bits in the 
configuration 
register 
as well as the input address. 
If ROM shad- 
owing 
is enabled 
(ROMEN# 
= 1), then 
the 
ROM 
chip 
select 
outputs 
will 
be 
disabled 
for 
the 
OEOOOOH-OFFFFFH 
address 
range. The ROM chip 
select 
signals 
for the FEOOOOH-FFFFFFH 
address 
range are not affected 
by the shadowing 
options 
se- 
lected. 
If ROM 
shadowing 
is disabled 
or the input 
address 
is between 
FEOOOOH and FFFFFFH, 
then 
the ROM chip select outputs 
will be activated 
as fol- 
lows: 


If ROMSIZE 
= 0 (256K ROM) 


ROMCSO# 
decodes 
the 
address 
ranges 
OEOOOOH-OEFFFFH and FEOOOOH-FEFFFFH. 


ROMCS1 # 
decodes 
the 
address 
ranges 
OFOOOOH-OFFFFFH and FFOOOOH-FFFFFFH. 


If ROMSIZE 
= 1 (512K ROM) 


ROMCSO# 
is inactive 


ROMCS1 # 
decodes 
the 
address 
ranges 
OEOOOOH-OFFFFFH 
and FEOOOOH-FFFFFFH. 


The 
lower 
meg chip 
select 
output 
(LMEGCS) 
is a 
function 
of both 
the 
input 
address 
and 
M/IO# 
in- 
puts. 
It is activated 
whenever 
a memory 
address 
within the first megabyte 
of memory 
is decoded. 
It is 
inactive 
during 
I/O cycles. 


The on-board 
memory output (OBMEM) 
is a function 
of the input 
address, 
M/IO#, 
address 
range 
com- 
parators, 
roll comparators, 
and the bits ROMEN #, 
ROMSIZE, 
DSIZE, 
and 
S640 
in the 
configuration 
register. 
It 
is 
used 
to 
differentiate 
local 
DRAM 
access 
from 
system 
RAM, 
ROM, or I/O 
accesses. 


OBMEM 
is active 
(high) during 
local DRAM access- 
es. If the 
M/IO# 
or address 
input 
signals 
are left 
floating, 
(during a refresh or DMA cycle for example) 
the OBMEM 
output will be undefined. 


Every 386 SX microprocessor 
bus cycle must be ter- 
minated 
by a ready 
signal 
to the 
processor. 
The 
82335 
SX generates 
this ready signal by translating 
external 
and internal 
ready inputs to a single 
ready 
output 
(READYSX#). 
The 82335 
SX internally 
gen- 
erates a ready signal for local DRAM cycles, on-chip 
I/O cycles, 
and numeric 
coprocessor 
cycles. 
For all 
other cycles 
(system 
I/O, system 
memory, 
etc.), the 
82335 SX translates 
the ready input READY286# 
to 
the 
386 
SX 
compatible 
READYSX# 
output. 
The 
82335 
SX input EXTRDY # can be used to delay or 
mask the READYSX # output. 


For on-chip 
I/O and local memory 
cycles, 
the inter- 


nal ready generator 
in the 82335 SX determines 
the 
appropriate 
number 
of wait states 
to insert 
(if any), 


and activates 
the READYSX # output 
at the correct 


time. The READYSX # pulse can be delayed 
during 
local 
memory 
cycles 
by deactivating 
the 
EXTRDY 
input. 
If 
EXTRDY 
is 
sampled 
inactive, 
then 
the 
READYSX# 
output 
will be delayed 
until EXTRDY 
is 
sampled 
active. 
EXTRDY 
is sampled 
on the rising 
edge of CLK2 during 
phase 
1 of each T2 and T2P 
state. 


The external 
input READY286# 
is used to terminate 
all cycles 
other than local memory 
cycles, 
local I/O 
cycles, 
or numeric 
coprocessor 
cycles. 


The READY286# 
input is designed 
to be driven 
by 
the 82230 
READY # pin and is used to identify 
the 
completion 
of 
system 
bus 
cycles. 
If 
the 
READY286# 
input is sampled 
active 
during 
a sys- 


tem 
bus cycle 
and the 
EXTRDY 
input 
is high, the 
82335 
SX 
generates 
a 
READYSX # 
pulse. 
The 
READY286# 
input is sampled 
on the falling edge of 
PCLK # when an internal clock (half the frequency 
of 
PCLK #) is high. This synchronizes 
ready signals be- 


tween 
the 
82230/82231 
and 
the 
386 
SX. 
The 
READY286# 
input 
is only 
sampled 
during 
system 
bus cycles. 


The READYNPX# 
input is ignored by the 82335 SX. 
For Numeric 
Coprocessor 
cycles 
the 82335 
SX will 
activate 
READYSX# 
after 1 wait-state. 
If no coproc- 


essor is detected 
upon power up, the 82335 
SX will 
not generate 
READYSX #, 
for numerics 
coproces- 
sor cycles. 
If no coprocessor 
is present 
the 82335 
SX will output 
SO# 
and S1 # to the 82230/82231. 
The 
82230/82231 
will 
activate 
READY286# 
after 
completing 
a standard 
PC-AT numerics 
coprocessor 
cycle. 


Deactivation 
of EXTRDY 
will delay READY 
SX # on 
numerics 
cycles 
the same 
way as it does 
on local 


DRAM cycles 
(if a coprocessor 
is present). 


Input IS sampled, 
then no H~AUY::;X# 
pUlse IS gen- 


erated. 
READY286# 
is masked 
(not delayed) 
if EX- 


TROY is low when sampled. 


Setup 
and 
hold 
times 
for 
the 
READY286#, 
and EXTRDY 
inputs must be met to guarantee 
cor- 


rect operation. 


2.5 
Bus Cycle Translator 


The 82335 SX has a built in interface 
unit that trans- 


lates 
386 
SX processor 
control 
signals 
to 
80286 


control 
signals. 
This 
bus cycle 
translator 
identifies 
the 
bus cycle 
being 
performed, 
monitors 
the CPU 


T-states, 
and outputs 
80286-like 
bus control 
signals 
to the 82230/82231 
and other components 
in a PC/ 
AT system. 
It also receives 
80286 control 
inputs and 
translates 
them 
into 386 
SX processor 
compatible 


signals when required. 


As the bus cycle 
translator 
monitors 
control 
inputs 


from 
both the 386 SX processor 
and the 82231, 
it 


determines 
what type of cycle is being requested. 
If 


one of the following 
cycles 
is being requested: 


1. I/O Access 


2. System 
Memory 
Access 


3. Halt/Shutdown 


4. Interrupt 


then the bus tracker 
monitors 
the timing of the bus 


cycle 
and 
simultaneously 
outputs 
80286-type 
bus 


control 
signals. The control 
signals output are SO#, 


S1 #, 
and 
M/10286#. 
The SO# 
and S1 # 
outputs 


are not activated 
for local memory 
accesses; 
for nu- 


merics 
coprocessor 
accesses 
when 
a coprocessor 
is present 
or for accesses 
to the 82335 
SX on-chip 


I/O (programming 
of the on-chip 
registers). 


In addition 
to controlling 
status output to the 82230/ 


82231, 
the 
bus 
cycle 
translator 
also 
controls 
the 
hold request 
(HROSX) 
input to the 386 SX proces- 
sor. A hold 
request 
signal 
coming 
from 
the 82230 


(HR0286) 
is translated 
into 
a 386 
SX processor- 
compatible 
output 
and driven to the 386 SX proces- 


sor. The 386 SX processor 
responds 
with a hold ac- 


knowledge 
(HLDASX) 
to the 82335 
SX which 
then 


translates 
that 
to 
a HLDA 
output 
to 
the 
82230/ 


82231. 


The 
82335 
SX provides 
interface 
signals 
between 


the 386 SX CPU and 387 SX numeric 
coprocessor 
to allow the 387 SX to function 
in a PC/AT 
environ- 
ment with proper 
error handling. 
The 82335 SX can 


also identify 387 SX bus cycles and has built-in logic 
to automatically 
sense whether 
a 387 SX coproces- 


During coprocessor 
bus cycles, the 386 SX CPU ini- 


tiates 
I/O 
accesses 
to addresses 
above 
800000H. 


When a 387 SX is installed 
the 82335 SX recognizes 


these 
I/O accesses 
as coprocessor 
bus cycles 
and 


inhibits the status outputs SO# or S1 #. If there is no 
387 SX installed, 
the 82335 SX will activate 
the SO# 


and 
S1 # 
status 
outputs 
when 
a coprocessor 
bus 


cycle is initiated. 


The 82335 SX can detect 
the presence 
of a 387 SX 


coprocessor 
by sampling 
the ERROR # input during 


a system 
reset. The ERROR # input 
is sampled 
at 


the 
falling 
edge 
of 
the 
SYSRESET 
pulse. 
If 


ERROR# 
is sampled 
low, a 387 SX coprocessor 
is 


present. 
If ERROR# 
is sampled 
high, there 
is no 


coprocessor. 
The 
ERROR#, 
and 
BUSYNPX# 
in- 


puts 
contain 
internal 
pull-up 
resistors 
to 
prevent 


fals'e inputs when there is no coprocessor 
in the sys- 


tem. 


If the 82335 
SX does 
not detect 
a coprocessor 
in 


the system, 
the 
ERROR # 
and 
PEREONPX 
inputs 


are ignored, 
and the PEREOSX 
and BUSYSX# 
out- 


puts do not follow 
the PEREONPX 
and BUSYNPX# 


inputs. 
If there 
is no coprocessor, 
the 
82335 
SX 


forces 
the PEREOSX 
output 
low. This insures 
that 


the 386 SX does not get any false processor 
exten- 


sion requests. 
To prevent 
a 387 SX instruction 
from 


holding 
up 
the 
processor 
by 
waiting 
for 
the 


BUSYSX # signal to go inactive, 
the BUSYSX # out- 


put toggles 
high and low when there is no coproces- 


sor. It toggles 
every time REFRESH# 
is activated. 


If a coprocessor 
is present, 
the 82335 SX translates 


the 
BUSYNPX# 
and 
PEREONPX 
inputs 
into 


BUSYSX# 
and PEREOSX 
outputs to the processor. 


During normal 
operation 
the BUSYNPX # and PER- 


EONPX 
signals 
are passed 
straight 
through 
to the 


BUSYSX# 
and 
PEREOSX 
outputs. 
There 
are two 


exceptions 
to this: during a system reset and when a 


numeric 
coprocessor 
error has occured. 


During 
a 
system 
reset 
the 
BUSYSX # 
output 
is 


forced 
low 
to 
induce 
a 
processor 
self-test. 
The 


BUSYSX # output 
is deactivated 
on the falling edge 


of ADS# 
during the first bus cycle 
and follows 
the 


BUSYNPX# 
input thereafter. 


When a numeric 
coprocessor 
error occurs, 
both the 


BUSYSX# 
and 
PEREOSX 
outputs 
are 
activated. 


Activation 
of the ERROR# 
input causes 
the current 


state 
of the 
BUSYSX # 
output 
to be latched 
and 


held. When 
the 
BUSYNPX# 
input deactivates, 
the 


PEREOSX output is activated. 
This holds processing 


on the 386 SX processor 
while 
completing 
the 387 


SX coprocessor 
transfers. 
Both the BUSYSX # and 


PEREOSX 
outputs 
deactivate 
and return 
to normal 


t.4ATH 
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COPROCESSOR 
82230 


387TW SX 
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1......+ 
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operation 
when an I/O write to address OFOH is exe- 
cuted. 


The 82335 
SX handles 
unmasked 
overflow/under- 
flow exceptions 
the same way PC/AT 
systems 
han- 
dle them. Both unmasked 
and masked 
overflow/un- 
derflow 
exceptions 
are treated 
like masked 
excep- 
tions. 
If an error is triggered 
by an overflow/under- 
flow exception, 
a value is written 
out to memory. 


The 82335 
SX clock 
generator 
is used to synchro- 
nize the CPU, coprocessor, 
and peripherals 
by con- 
verting 
an input frequency 
into the system clock out- 
puts CLK2 and PCLK #. The input frequency 
is ob- 
tained 
from 
an external 
oscillator 
connected 
to the 
82335 
EFI pin. A standard 
TIL 
oscillator 
can 
be 
used for this. This EFI input is internally 
buffered 
and 
output to the 386 SX processor 
and 387 SX coproc- 
essor 
via the CLK2 
output. 
It is also 
divided 
by 2 
(16 
MHz) 
or 
2.5 
(20 
MHz) 
and 
output 
to 
the 
82230/82231 
using the PCLK# 
output. 


Upon power-up 
both the CLK2 and PCLK# 
outputs 
are active. 
They are not phase 
synchronized, 
how- 
ever, until after the falling edge of the RESETSX 
in- 
put. To synchronize 
the clocks, 
PCLK# 
is held high 
until 
the 
rising 
edge 
of CLK2. 
The 
second 
falling 
edge 
of PCLK # 
after 
this 
CLK2 
edge 
will 
start 
a 
phase two clock 
cycle. 
Figure 4.2a shows 
the clock 
synchronization 
sequence. 
A CPU reset 
using only 
the RESETCPU 
input will not affect clock synchroni- 
zation. 


The 386 SX microprocessor 
requires 
a synchronous 
reset input to initialize the processor. 
The 82335 SX 
has a reset synchronizer 
that has two asynchronous 
reset 
inputs 
and generates 
synchronous 
reset 
sig- 
nals to both the processor 
and numeric 
coproces- 
sor. The two reset inputs to the 82335 
SX (RESET 
CPU and SYSRESET) 
are used to initiate 
either 
a 
CPU reset or an entire system 
reset. The 82335 
SX 
internal 
registers 
and 
output 
signals 
are 
initialized 
following 
a system 
reset. 
These 
internal 
registers 
are not affected 
by a processor 
reset. 


The RESETCPU 
input is used to reset the processor 
only. This is frequently 
used to switch the processor 
from 
protected 
mode 
to 
real 
mode. 
When 
the 
RESETCPU 
input 
is activated, 
the 
82335 
SX syn- 


chronizes 
and activates 
the processor 
reset output 
(RESETSX). 
The RESETCPU 
input must be held ac- 
tive for at least 16 CLK2 cycles to guarantee 
a suffi- 
cient 
RESETSX 
pulse 
width 
to the 
processor. 
No 
other 
outputs 
or internal 
registers 
are affected 
by 
this reset. 
Figure 
4.2b 
in the A.C. Timing 
Diagram 
Section 
shows 
processor 
reset timing. 


The 82335 
SX SYSRESET 
and RESETCPU 
inputs 
are used together 
to initiate a system wide reset and 
initialize 
the 
82335 
SX. 
When 
SYSRESET 
and 
RESETCPU 
are 
concurrently 
activated, 
both 
the 
processor 
reset (RESETSX) 
and coprocessor 
reset 
(RESETNPX) 
signals 
are activated. 
The 
82335 
SX 
internal 
registers 
and output 
signals are initialized 
to 
the values 
shown 
in Table 2.6. 


inter 


Internal 
Register 
Status 


Register 
I/O 
Status 
Bit 
Address 
Pattern 


Mem. 
22H 
Shadow 
= 
Disabled 
0000000000000000 


Config. 
Base Mem. 
= 
512K 
DRAM Size 
= 
256K 
Interleave 
= 
1 Bank 
ROM Size 
= 
256K 
VRO 
= 
Read/Write 
Lock 
= 
Unlocked 


RC1 
24H 
Disabled 
XXXXXXXXXXXJOOO(O 


RC2 
26H 
Disabled 
xxxxxxxxxxxxxxxO 


CCO 
28H 
Enabled 000000H-07FFFFH 
00000xxx11111xx1 
CC1 
2AH 
Disabled 
xxxxxxxxxxxxxxxO 


PARCH KEN 
61H 
Enabled 
xxxxxOxx 


Granularity 
2CH 
EXGRAN 
= 
Disabled 
0000000000000000 
Enable 
Speed 
= 
16 MHz 


Ex1ended 
2EH 
Disabled 
0000000000000000 
Granularity 


Output Pin Status 


Low 
High 
Undefined 


BUSYSX# 
CASx# 
LMEGCS# 
HLDA 
RASx# 
MAO-MA9 
HRQSX 
DEN# 
M/I0286# 
PEREQSX 
NA# 
DIR 
OBMEM 
PERROR# 
WE# 
READYSX# 
ROMCSd 
SO# 
S1# 


NOTE: 
x in register 
bit pattern 
denotes 
undefined 
bit state. 


When 
a system 
reset occurs, 
the 82335 
SX forces 
the 
BUSYSX # 
output 
low 
to 
initiate 
a processor 
self-test. 
To guarantee 
correct 
processor 
self-test 
results, the SYSRESET 
and RESETCPU 
inputs must 
be held 
active 
for at least 
80 CLK2 
cycles. 
If the 
system 
designer 
chooses 
not to utilize the data re- 
turned 
by the 
processor 
self-test, 
the 
SYSRESET 
and RESETCPU 
input signals 
only need to be held 
active for 16 CLK2 cycles to guarantee 
correct 
sys- 
tem reset. 


During 
a system 
reset 
the 
following 
sequence 
of 
events 
occurs: 


• 
RESETSX 
and RESETNPX 
are activated. 


• 
The DRAM control 
signals 
RASx #, CASx #, and 
DEN # are deactivated. 


• 
BUSYSX # is held low to induce 
processor 
self- 
testing. 


• 
The 82335 
SX internal 
registers 
and output 
pins 
are initialized 
to the values 
shown 
in Table 2.6. 


• 
The 
ERROR # 
input 
is sampled 
on the 
falling 
edge of SYSRESET 
to determine 
if a numeric co- 
processor 
is present. 
If the 
ERROR# 
input 
is 
sampled 
Iowa 
coprocessor 
is present, 
otherwise 
there 
is no coprocessor. 


• 
The 
PCLK # 
output 
is 
synchronized 
with 
the 
CLK2 output. 


• 
RESETSX 
and RESETNPX 
are deactivated. 


2.9 Parity Generator/Checker 


The 
82335 
SX has a built-in 
parity 
generator 
and 
checker 
to maintain 
data integrity for the local mem- 
ory. During local memory 
write or DMA write cycles 
the 82335 SX generates 
two parity outputs 
from the 
data inputs 00-015. 
The 82335 SX calculates 
even 
parity for both the high byte and low byte and out- 
puts the results on the parity high (PARH) and parity 
low 
(PARL) 
pins. 
During 
local 
memory 
read 
and 
DMA read cycles 
the 82335 
SX compares 
the data 
(00-015) 
and parity 
(PARH and PARL) inputs and 
generates 
an error signal (PERROR#) 
if a parity er- 
ror is detected. 
PARH and PARL are three-state 
in- 
put/output 
pins designed 
to directly drive the DRAM. 


If a parity error is detected, 
the 82335 SX drives the 
PERROR# 
output 
low and latches 
it. PERROR# 
is 
cleared 
by either a system reset (SYSRESET 
pulsed 
high) 
or 
by 
disabling 
parity 
checking 
in 
the 
82335 
SX. The following 
paragraph 
details 
how to 
enable/ disable 
parity checking. 


Parity checking 
is enabled/disabled 
by a one bit par- 
ity check enable 
register (PARCH KEN). This register 
is located 
in bit 2 of the 
I/O 
address 
61 H. When 
programmed 
to 
"0", 
parity 
checking 
is 
enabled. 


When 
programmed 
to "1", 
parity 
checking 
is dis- 
abled 
and 
the 
PERROR # 
output 
is 
deactivated 
(PERROR# 
> VOH min). 


The PARCH KEN register is a write-only 
register. 
In a 
system 
that contains 
both an 82335 
SX and 82231, 
a write to I/O port 61 H will write to the parity regis- 
ters in both chips. A read from I/O port 61 H will read 
from the 82231 
register. 
Care must be taken 
when 
writing to this register since the 82231 utilizes sever- 
al other 
bits at I/O 
location 
61 H register 
to control 
other system 
functions. 


2.10 General System Considerations 


1. The 
RASO#-RAS3#, 
CASHO#-CASH3#, 
and 
CASLO#-CASL3# 
output 
buffers 
are designed 
to directly 
drive the heavy capacitive 
loads of the 
dynamic 
RAM 
arrays. 
To 
keep 
the 
RAM 
driver 
outputs from ringing excessively 
in the system en- 
vironment 
it is necessary 
to match the output 
im- 
pedance 
with the RAM array by using series resis- 
tors. Each application 
may have different 
imped- 
ance 
characteristics 
and 
may 
require 
different 
series 
resistance 
values. 
The 
series 
resistance 
values should be determined 
for each application. 


2. If the capacitive 
loading 
on the 
MAO-MA9 
out- 
puts 
exceeds 
the 
maximum 
capacitive 
loading 
specification 
(see 
AC 
DRAM 
Timing 
Specifica- 
tions), then buffering 
of the MAO-MA9 
outputs 
is 
recommended. 
The 
MAO-MA9 
outputs 
can 
di- 
rectly drive approximately 
two banks of memory. 


3. The NA # pin on the 82335 SX must be connect- 
ed to NA # on the 386 SX processor. 


4. If there 
is no DRAM 
installed 
in the physical 
ad- 
dress 
space 
080000H-OFFFFFH, 
then 
shadow- 
ing and roll address 
mapping 
must be disabled. 


5. When 
setting 
the 
LOCK 
bit in the 
configuration 
register, 
the entire 
contents 
of the configuration 
register 
must 
be written. 
Writing 
to a register 
in 
the 82335 SX will overwrite 
all bits in that register. 


3.1 
Package Dimensions 


The 82335 SX is available 
in a 132 lead plastic quad flat pack (PQFP) package. 
Table 3.1 and Figures 3.1-3.5 
show the physical 
dimensions 
of this package. 


Symbol 
Description 
Inch 
mm 


Min 
Max 
Min 
Max 


A 
Package 
Height 
0.160 
0.170 
4.06 
4.32 


A1 
Standoff 
0.020 
0.030 
0.51 
0.76 


D,E 
Terminal 
Dimension 
1.075 
1.085 
27.31 
27.56 


D1, E1 
Package 
Body 
0.947 
0.953 
24.05 
24.21 


D2,E2 
Bumper Distance 
1.097 
1.103 
27.86 
28.02 


D3,E3 
Lead Dimension 
0.800 REF 
20.32 REF 


L1 
Foot Length 
0.020 
0.030 
0.51 
0.76 


Issue 
IWS Preliminary 
1/15/87 


Letter or Symbol 
Description 
of Dimensions 


A 
Package 
Height: Distance 
from Seating Plane to Highest Point of Body 


A1 
Standoff: 
Distance 
from Seating Plane to Base Plane 


DIE 
Overall Package 
Dimension: 
Lead Tip to Lead Tip 


D1/E1 
Plastic Body Dimension 


D2/E2 
Bumper Distance 


D3/E3 
Footprint 


L1 
Foot Length 


NOTES: 
1. All dimensions 
and tolerances 
conform 
to ANSI Y14.5M-1982. 
2. Datum 
plane 
H located 
at the mold parting 
line and coincident 
with the bottom 
of the lead where 
lead exits plastic 
body. 


3. Datums 
A Band 
0 to be determined 
where 
center 
leads exit plastic 
body at datum 
plane 
H. 
4. Controlling 
Dimension, 
Inch. 
5. Dimensions 
01, 02, E1, and E2 are measured 
at the mold parting 
line and do not include 
mold protrusion. 
Allowable 
mold 
protrusion 
is 0.18 mm (0.007 
in) per side. 
6. Pin 1 identifier 
is located 
within 
one of the two zones 
indicated. 
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3.2 
Package Thermal Specifications 


The 82335 
SX is specified 
for operation 
when 
the 


case temperature 
is within 
the range 
of 0°C-85°C. 


The case temperature 
may be measured 
in any envi- 


ronment 
to determine 
whether 
the 82335 SX is with- 


in the specified 
range 
of operation. 
The case 
tem- 


perature 
should 
be measured 
at the center 
of the 


top surface 
opposite 
the pins. Table 
3.2 shows 
the 


thermal 
resistance 
for this package. 


Table 3.2. Thermal 
Resistances 
eC/Watt) 


8 Junction 
to Case 
12 


8 Junction 
to Ambient 
40 


inter 


Table 4.1 is a stress rating only, and functional 
oper- 
ation at the maximums 
is not guaranteed. 
Functional 
operating 
conditions 
are given 
in Section 
4.2, D.C. 


Specifications 
and Section 
4.3, A.C. Specifications. 
4.1 
Maximum Ratings 


Table 4.1. Maximum 
Ratings 
Extended 
exposure 
to the Maximum 
Ratings may af- 
fect 
device 
reliability. 
Furthermore, 
although 
the 
82335 SX contains 
protective 
circuitry 
to resist dam- 
age from static electric 
discharge, 
always 
take pre- 
cautions 
to 
avoid 
high 
static 
voltages 
or 
electric 
fields. 


Parameter 
Maximum 
Rating 


Storage Temperature 
- 65·C to + 150·C 


Case Temperature 
under Bias 
-65·C 
to + 110·C 


Supply Voltage with 
Respect 
to VSS 
-0.5Vto 
+6.5V 


Voltage 
on Other Pins 
- 0.5V to Vcc + 0.5V 


4.2 
D.C. Electrical Specifications 
Functional 
Operating 
Range: VCC = 4.5V to 5.5V, TCASE = O·C to +85·C 


Symbol 
Parameter 
Min 
Max 
Unit 
Notes 


VIL 
Input Low Voltage 
-0.3 
0.8 
V 
(Note 1) 


VIH 
Input High Voltage 
2.0 
VCC + 0.3 
V 


VILC 
EFI Input Low Voltage 
-0.3 
0.8 
V 
(Note 1) 


VIHC 
EFI Input High Voltage 
2.4 
VCC + 0.3 
V 


VOLC 
CLK2 Output 
Low Voltage 
0.45 
V 
IOL = 2mA 


VOHC 
CLK2 Output 
High Voltage 
VCC - 
0.8 
VCC + 0.3 
V 
IOH = -1 
mA 


VOLP 
PCLK # Output 
Low Voltage 
0.45 
V 
IOL = 2 mA 


VOHP 
PCLK # Output High Voltage 
VCC - 
0.5 
VCC + 0.3 
V 
IOH = -1 
mA 


VOL 
Output Low Voltage 
0.45 
V 
IOL = 2mA 


VOH 
Output High Voltage 
2.4 
V 
IOH = -1 
mA 


III 
Input Leakage Current for All 
±15 
p..A 
0< 
VIN < VCC 
Pins except Group One 
(Note 2) 


IlL 
Input Sustaining 
Current for 
-400 
p..A 
VIL = 0.45V, 


Group One Pins 
(Note 2) 


ILO 
3-State Output Leakage Current 
±15 
p..A 
VOL < VIN < VCC 


Icc 
Supply Current 
150 
mA 
(Note 3) 


CIN 
Input Capacitance 
10 
pF 
(Note 4) 


COUT 
Output or 1/0 Capacitance 
12 
pF 
(Note 4) 


NOTES: 
1. The min value, -0.3, 
is not tested. 


2. Group one = BUSYNPXiI'. ERRORii', MilOii', 
and D/CiI'. 
All these inputs have internal pullup resistors. 


3. CLK2 = 32 MHz or 40 MHz, maximum loading on DRAM address and control pins. 
4. Not tested. These are guaranteed by design characterization. 


Unless otherwise 
specified, 
all timings are referenced 
at V = 1.5V, and all timing values are in nano-seconds, 


all voltages 
are in volts, and all output 
loadings 
are 50 pF. 


16 MHz 
20 MHz 
Symbol 
Parameter 
Figure 
Units 
Notes 
Min 
Max 
Min 
Max 


Operating Frequency 
16 
20 
MHz 


T1 
EFI Period 
4.1 
31 
33 
25 
27 


T2 
EFI High Time 
4.1 
12 
11 
ns 
at 1.5V 


T3 
EFI Low Time 
4.1 
12 
11 
ns 
at 1.5V 


T4 
EFI Fall Time 
4.1 
6 
6 
ns 
2.4V to O.4V (Note 1) 


T5 
EFI Rise Time 
4.1 
6 
6 
ns 
O.4V to 2.4V (Note 1) 


T6 
CLK2 Period 
4.1 ' 
31 
33 
25 
27 


T7a 
CLK2 High Time 
4.1 
9 
8 
ns 
at2V 
~ 


T7b 
CLK2 High Time 
4.1 
5 
5 
ns 
at (Vcc - 
0.8) 


T8a 
CLK2 Low Time 
4.1 
9 
8 
ns 
at2V 
r 


T8b 
CLK2 Low Time 
4.1 
7 
6 
ns 
atO.8V 


T9 
CLK2 Fail Time 
4.1 
8 
8 
ns 
(Vcc - 
0.8) to 0.8 (Note 1) 


T10 
CLK2 Rise Time 
4.1 
8 
8 
ns 
0.8 to (Vcc - 
0.8) (Note 1) 


T11 
PCLK # Delay from CLK2 
4.1 
10 
14 


Output Loadings: 
CLK2: 50 pF (20 MHz), 75 pF (16 MHz) Max 
PCLK#: 75 pF Max 


NOTE: 
1. These are not tested. They are guaranteed by design characterization. 


A.C. Timings for DRAM Controller 
Unit 
Unless 
otherwise 
specified, 
all A.C. timings 
referenced 
to CLK2 refer to the CLK2 rising edge in phase one. 


Symbol 
Parameter 
Figure 
16 MHz 
20 MHz 
Unit 
Notes 
Min 
Max 
Min 
Max 


T12a 
RAS# Active Delay from CLK2 
4.3 
62 
50 
ns 
(Note 1) 


T12b 
RAS # Active Delay from CLK2 
62 
30 
ns 
(Note 2) 


T13 
RAS# Inactive Delay from CLK2 
4.3 
4 
4 
ns 


T14 
Row Addr Setup to RAS # Active 
4.3 
15 
15 
ns 
(Note 8) 


T14a 
Row Addr Setup to RAS # Active 
4.3 
2 
2 
ns 
(Notes 9,10) 


T15 
Row Addr Hold from RAS # Active 
4.3 
20 
15 
ns 
(Note 8) 


T15a 
Row Addr Hold from RAS # Active 
4.3 
15 
10 
ns 
(Notes 10, 12) 


T16 
RAS# Precharge Time 
4.5 
91 
70 
ns 
(Note 1) 


T16a 
RAS# Precharge Time 
91 
91 
(Note 2) 


T17 
Col Addr Setup to CAS # Active 
4.3 
7 
15 
ns 
(Note 8) 


T17a 
Col Addr Setup to CAS # Active 
0 
2 
(Notes 9, 10) 


T18 
Col Addr Hold from CAS# Active 
4.3 
25 
20 
ns 
(Note 8) 


T18a 
Col Addr Hold from CAS # Active 
4.3 
23 
18 
ns 
(Note 11) 


T19a 
CAS # Active Delay from CLK2 
4.3 
55 
45 
ns 
(Note 3) 


T19b 
CAS# Active Delay from CLK2 (Read) 
4.6 
43 
34 
ns 
(Note 2) 


T19c 
CAS# Active Delay from CLK2 (Write) 
4.4 
19 
39 
15 
34 
ns 
(Note 4) 


Maximum Output Loadings: WE#: 270 pF 
MAO-MA9: 240 pF 
RAS#: 120 pF 
CAS#: 75 pF 
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Symbol 
Parameter 
Figure 
16 MHz 
20 MHz 
Unit 
Notes 
Min 
Max 
Min 
Max 


T20 
CAS# 
Inactive Delay from CLK2 
4.3 
6 
6 
ns 


T21a 
CAS # Active Pulse Width 
4.4 
37 
31 
ns 
(Note 1) 


T21b 
CAS# 
Active Pulse Width 
4.6 
62 
50 
ns 
(Note 2) 


T22a 
CAS# 
Precharge 
Pulse Width 
4.4 
22 
21 
ns 
(Note 1) 


T22b 
CAS # Precharge 
Pulse Width 
4.6 
50 
40 
ns 
(Note 2) 


T23a 
RAS# 
Hold from CAS# 
Active 
4.5 
37 
31 
ns 
(Note 1) 


T23b 
RAS# 
Hold from CAS # Active 
62 
50 
ns 
(Note 2) 


T24 
Read Data Setup before CLK2 
4.4 
11 
9 
ns 
(Note 5) 


T25 
Read Data Hold from CAS# 
Inactive 
4.4 
2 
2 
ns 


T26 
Write Data Delay from CLK2 
4.4 
9 
6 
ns 
(Note 6) 


T27 
Write Data Hold after CLK2 
4.4 
0 
0 
ns 


T28 
PARL/PARH 
Setup to CAS# 
Active 
4.4 
0 
0 
ns 


T29 
PARL/PARH 
Hold from CAS# 
Active 
4.4 
28 
20 
ns 


T30 
DEN # Active from CLK2 
4.4 
0 
20 
0 
20 
ns 


T31 
DEN # Inactive from CLK2 
4.4 
6 
6 
ns 


T32 
DIR Delay from CLK2 
4.4 
25 
55 
20 
45 
ns 


T33 
WE # Setup to CAS # Active 
4.6 
5 
5 
ns 


T34 
386 SX CPU Addr Setup to CLK2 
4.3 
26 
23 
ns 


T35a 
Col Address 
Delay from CLK2 
4.4 
45 
26 
ns 
(Note 8) 


T35b 
Col Address 
Delay from CLK2 
4.4 
55 
35 
ns 
(Note 9) 


T36 
WE # Hold from CAS # Active (Write) 
4.6 
30 
25 
ns 


T37 
WE# 
Hold from CAS# 
Inactive (Read) 
4.6 
0 
0 
ns 


T79 
RAS # Active Delay from MEMx # 
4.10 
55 
55 
ns 
(Note 7) 


T80 
RAS # Pulse Width 
4.10 
150 
115 
ns 
(Note 7) 


T81 
CAS# 
Inactive from Memx# 
4.10 
9 
40 
7 
40 
ns 
(Note 7) 


T82 
CAS # Active Delay from RAS # Active 
4.10 
55 
100 
45 
100 
ns 
(Note 7) 


T83a 
Refresh 
Pulse Width (1 Memory 
Bank) 
4.13 
280 
280 
ns 


T83b 
Refresh 
Pulse Width (2 Memory 
Bank) 
4.13 
310 
310 
ns 


T83c 
Refresh 
Pulse Width (4 Memory 
Bank) 
4.13 
370 
370 
ns 


T84 
DEN# 
Active to CAS# 
Active Delay 
4.5 
7 
7 
ns 


NOTES: 
1. Fl/F4 
mode. 


2. WOl /W02 
mode. 


3. All Fl /F4 
cycles 
except 
page mode write. 
4. Fl /F4 
page mode write cycles 
and WOl /W02 
mode write cycles. 
5. For parity checker. 
6. To guarantee 
PARL, 
PARH timings. 


7. DMAIMASTER 
mode timings. 


8. With CLoad = 50 pF. 
9. With 
MAO-MA9 
CLoad = 240 pF. 


10. With RAS# 
CLoad = 120 pF. 
11. With CAS# 
CLoad = 75 pF. 


12. If MAO-MA12 
use buffers, 
then minimum 
buffer 
delay must be added 
to T15a. 
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Other A.C. Timings 
Unless otherwise 
specified, 
all A.C. timings referenced 
to CLK2 refer to the CLK2 rising edge in phase one. All 
references 
to PCLK # refer to the falling edge of PCLK # . 


16 MHz 
20 MHz 
Symbol 
Parameter 
Figure 
Units 
Notes 
Min 
Max 
Min 
Max 


T40a 
W/R#, 
M/IO#, 
D/C#, 
4.3 
29 
22 
ns 
ADS# Setup to CLK2 


T40b 
BLE #, BHE # Setup to CLK2 
4.3 
29 
12 
ns 


T41 
RESETSX Valid before CLK2 
4.2 
13 
12 
ns 
CLoad = 30 pF 


T42 
RESETSX Hold after CLK2 
4.2 
2 
2 
ns 
CLoad = 30 pF 


T43 
READYSX# 
Valid before CLK2 
4.11 
31 
24 
ns 
CLoad = 30 pF 


T44 
READYSX# 
Hold after CLK2 
4.11 
6 
4 
ns 
CLoad = 30 pF 


T45 
NA# Valid before CLK2 t Phase 2 
4.3 
11 
7 
ns 
CLoad = 30 pF 


T46 
NA # Hold after CLK2 t Phase 2 
4.3 
27 
17 
ns 
CLoad = 30 pF 


T47 
HRQSX Valid before CLK2 
4.12 
28 
17 
ns 
CLoad = 30 pF 


T48 
HRQSX Hold after CLK2 
4.12 
5 
5 
ns 
CLoad = 30 pF 


T49 
RESETNPX Valid before CLK2 
4.2a 
13 
12 
ns 
CLoad = 30 pF 


T50 
RESETNPX Hold after CLK2 
4.2a 
4 
3 
ns 
CLoad = 30 pF 


T57 
READY286# 
Setup to PCLK # 
4.11 
50 
90 
45 
90 
ns 
(Note 2) 


T57a 
READY286 # Setup to PCLK # 
35 
75 
ns 
(Notes 2, 3) 


T58 
READY286 # Hold from PCLK # 
4.11 
35 
10 
ns 


T59 
SYSRESET, RESETCPU Setup to CLK2 
4.2 
20 
18 
ns 
(Note 1) 


T60 
SYSRESET, RESETCPU Hold from CLK2 
4.2 
15 
12 
ns 
(Note 1) 


T61 
A20GA TE Setup to CLK2 
4.12 
40 
30 
ns 
(Note 1) 


T62 
A20GA TE Hold from CLK2 
4.12 
15 
10 
ns 
(Note 1) 


T63 
HRQ286 Setup to PCLK # 
25 
25 
ns 
(Note 1) 


T64 
HRQ286 Hold from PCLK # 
5 
5 
ns 
(Note 1) 


T65a 
TURBO# 
Setup to HLDASX 
15 
15 
ns 
(Note 1) 


T65b 
TURBO# 
Hold from HLDASX 
15 
15 
ns 
(Note 1) 


T66 
MEMR #, MEMW #, Setup to CLK2 
4.12 
17 
17 
ns 
(Note 1) 


T66a 
REFRESH # Setup to PCLK # 
25 
25 
ns 
(Note 1) 


T67 
MEMR #, MEMW #, Hold from CLK2 
4.12 
17 
17 
ns 
(Note 1) 


T67a 
REFRESH # Hold from PCLK # 
0 
0 
ns 
(Note 1) 


T68 
EXTRDY Setup to CLK2 
4.11 
5 
5 
ns 


T69 
EXTRDY Hold from CLK2 
4.11 
32 
30 
ns 
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Other A.C. Timings 
Unless otherwise 
specified, 
all A.C. timings referenced 
to CLK2 refer to the CLK2 rising edge in phase one. All 
references 
to PCLK;If 
refer to the falling edge of PCLK;If. 
(Continued) 


16 MHz 
20 MHz 
Symbol 
Parameter 
Figure 
ns 
Notes 
Min 
Max 
Min 
Max 


T70 
M/I0286#, 
SO# and S1 # Output 
4.8 
0 
15 
0 
15 
ns 
CLoadmax = 100 pF 
Delay from PCLK # 


T71 
ROMCS#, 
LMEGCS# 
Output 
4.3 
40 
40 
ns 
CLoad = 50 pF 
Delay from Valid Address 


T72 
OBMEM Output Delay from 
4.3 
40 
36 
ns 
CLoadmax = 50 pF 
Valid Address 


T73a 
DO-D15 Output Valid before CLK2 
30 
30 


T73b 
DO-D15 Hold after CLK2 
6 
6 


T74 
PERROR # Output Delay from PCLK # 
4.4 
50 
50 
ns 
CLoad = 50 pF 


T75 
HLDA Active Delay from HRQ286 
4.10 
92 
92 


T76 
HLDA Inactive Delay from HRQ286 
4.10 
185 
185 


NOTES: 
1. Asynchronous parameters, provided to assure recognition at a specific clock edge. 
2. READY286# is only sampled when an internal 8 MHz clock is high. (See Figure 4.11) 
3. This specification is valid only when EFI = 40 MHz and PCLK = 20 MHz before programming the SPDSEL bit. 


4.4 A.C. Timing Diagrams 
The following 
diagrams 
illustrate 
A.C. timing relations. 
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in phase 
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1 to 4 CLK2 cycles 
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Figure 4.2b. 16 MHz CPU Reset Sequence 
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CYCLE 1 
CYCLE 2 
INACTIVE CYCLE 


CLK2 


RAS# 


CAS# 


DATA 
RD DATA • 


T17 


MAO-MA9 


·3 


ADS# 


T34 
A23-A1, 
T400 
W/R#. 
M/IO#, 
CPU ADDRESS1 
BHE#.BLE#, 
D/C# 
T71 


LMEGCS,OBMEM, 
Tn 


ROMCS0,ROMCS1 


DIR 


DEN# 


NA# 
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NOTES: 
1. Add 1 Wait State 
for W01 Mode. 


2. Add 1 Wait State 
for W01 Mode. 
2 Wait States 
for W02 Mode. 


3. ADS# 
inactive 
at start of cycle 
deactivates 
RAS#. 


CLK2 


PCLK# 


T35 


COLUt.4N ADDRESS 1 


NOTES: 
1. Add 1 Wait State for W01 Mode 
or 2 Wait States 
for W02 Mode. 
2. Add 1 Wait State 
for W02 Mode. 


Figure 4.6. DRAM Cycles-Bank 
Switch Page Read ... 
Bank 
Switch Page Write ... 
Bank Hit Page Read for W01/W02 
Mode 


NOTES: 
1. Add 1 Wait State for W02 Mode. 
2. Following 
a read cycle, 
CAS If 
always 
de-activates 
before 
WE If 
activates. 
Following 
a write cycle, 
WE If 
may deactivate 


before 
CAS If de-activates. 
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NOTES: 
1. RAS# and CAS# will activate 1 T-state later in W01 mode at 20 MHz. However, a non-turbo cycle will still lake 8 T-states. 
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been 
tested 
at 50 pF and derated 
to support 
the 
indicated 
capacitive 
load. 
The 
capacitive 
derating 
curves 
for 
the 
various 
82335 
SX output 
buffers 
are shown 
in Figures 
4.15 
to 4.20. 
Each 
curve 
shows 
the 
output 
valid 
delay 
relative 
to a 50 pF nominal 
load. For A.C. Specifica- 
tions that show a maximum 
capacitive 
load greater 
than 50 pF, the maximum 
value has been tested 
at 
50 pF and derated 
to support 
the indicated 
capaci- 
tive load. The 
minimum 
values 
are all specified 
at 
50 pF unless 
a capacitive 
load less than 
50 pF is 


indicated. 
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case 
the 
minimum 
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has 
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4.6 DIFFERENCES 
BETWEEN 
THE 
82335 SX AND THE 82335 


1. The 82335 SX can run at 16 MHz or 20 MHz. The 
82335 
can only run at 16 MHz. 


A. The 82335 
SX has 16 MHz and 20 MHz AC. 
Specifications. 
The 
82335 
has 
only 
16 MHz 
AC. 
Specifications. 


B. The 82335 
SX DRAM 
modes 
are different 
at 
20 
MHz 
than 
82335 
DRAM 
modes. 
The 
16 MHz 82335 SX DRAM modes are the same 
as the 82335. 


C. 82335 
SX Non-turbo 
mode 
accesses 
take 
8 
T-states 
in 20 MHz operation. 
Non-turbo 
mode 
accesses 
take 
6 T-states 
in both 
the 
82335 
and the 82335 
SX in 16 MHz operation. 


D. PCLK # is a divide by 2.5 of EFI at 20 MHz, and 
a divide by 2 of EFI at 16 MHz in the 82335 SX. 
PCLK # 
is always 
a divide 
by 2 in the 82335 
which 
only runs at 16 MHz. 


2. The 82335 
SX ignores 
READYNPX# 
(N.C.) and 
generates 
READYSX # after 
1 wait-state 
for nu- 
merics 
coprocessor 
cycles 
if a coprocessor 
is 
present 
in 
the 
system. 
The 
82335 
uses 
READYNPX# 
to 
generate 
READYSX# 
on 
co- 
processor 
cycles when a coprocessor 
is present. 


3. The 82335 SX has separate 
output voltage 
speci- 
fications 
for 
PCLK #. 
The 
82335 
does 
not have 
separate 
output 
voltage 
specifications 
for 
PCLK#. 


4. The 82335 
SX has the Granularity 
Enable 
regis- 
ter. The 82335 
does not. 


5. The 82335 
SX has the Extended 
Granularity 
reg- 
ister. The 82335 does not. 


6. The 82335 
SX can shadow 
and write-protect 
with 
32 Kbyte or 128 Kbyte granularity. 
The 82335 can 
only shadow 
and write-protect 
in 128 Kbyte gran- 
ularity. 


7. The 
82335 
SX allows 
shadowing 
and write-pro- 
tecting 
to be chosen 
independently 
of each other 
for the BIOS and adaptor 
ROM areas. The 82335 
always write-protects 
shadowed 
areas. 


8. 
3-way 
interleaving 
is 
not 
possible 
with 
the 
82335 
SX. If the INTERLV 
bits in the 82335 
SX 
are set for 3-banks, the DRAM controller 
will only 
access 
2-banks. 
3-way 
interleaving 
is possible 
with the 82335. 
If the INTERLV 
bits are set for 3- 


way interleaving 
in the 82335, 
the 
DRAM 
con- 


troller will access 
3-banks 
but is not guaranteed 
to meet AC. 
specifications. 
Correct 
DRAM oper- 


ation is not guaranteed 
for 3-way interleaving 
in 
the 82335. Systems 
should not set the INTERLV 
bits in the 82335 for 3-banks. 


9. 
PERROR# 
is latched 
until PARCHEN 
is cleared 
in the 82335 SX. PERROR # is not latched 
in the 
82335. 


10. TURBO 
is 
an 
asynchronous 
input 
in 
the 
82335 SX. TURBO 
is not an asynchronous 
input 


in the 82335. 


11. Only ROMCS1 # is active for 512 Kbit ROM size 
operation 
in the 82335 
SX. Only 
ROMCSO# 
is 
active 
for 512 
Kbit 
ROM 
size operation 
in the 
82335. 


12. PCLK # 
is free-running 
during 
powerup 
in the 
82335 SX. PCLK # is not active until SYSRESET 
is deactivated 
in the 82335. 


13. RESET CPU will not be passed on to the 386 SX 
until 
HLDA 
is 
deactivated 
in 
the 
82335 
SX. 


RESETCPU 
will be passed on to the 386 SX dur- 
ing HLDA in the 82335. A SYSRESET 
combined 
with RESETCPU 
will always 
be passed 
through 
to the 386 
SX by both 
the 
82335 
SX and the 
82335. 


14. The 82335 SX will only sample 386 SX bus cycle 
definition 
inputs 
when 
accompanied 
by ADS # 


active. The 82335 may sample 386 SX bus cycle 
definition 
inputs without 
ADS# 
active. 


15. Some 16 MHz A.C. specifications 
are different 
in 
the 
82335 
SX 
than 
in 
the 
82335, 
but 
the 
82335 SX is upward 
compatible 
with the 82335. 


•• 


inter 


The following 
list represents 
key differences 
between 
this and the -001 version 
of the 82335SX 
data sheet. 


Please review this summary. 


Front Sheet 
CHMOS 
III has been changed 
to CHMOS 
IV. 


Figure 2.1 
This figure has been modified 
to include 
82335SX 
device 
instead 
of 82335. 


Table 2.38 
tAA has been modified 
to be 75 ns maximum. 


Section 
2.3.4.5 
A recommendation 
has been added to this section 
when using extended 
granularity 
feature. 


Please follow 
this recommendation. 


The VIHC for the EFI has been changed 
to 2.4V minimum. 


The following 
A.C. timings 
have been changed: 


T14a, T15, T16, T17. T17a, T18. T22b, T34, T42. T59 and T84. 


The following 
A.C. timings 
have been added: 


T15a. T18a. 


Notes 
10, 11 and 12 have been added to A.C. timing for DRAM controller 
unit. 


The reference 
for EFI has been changed 
to 1.5V. T2 and T3 have replaced 
T2a for EFI high 
and EFI low values. T2b has been taken out. 


T45 and T46 (NA # active and deactive 
edges) reference 
has been changed 
to the rising edge 
of CLK2 in phase two. 


T21 label has been changed 
to T21a. T23a 
changed 
to T22a, 
and the extra T74 label has 
been removed. 


T19a label has been changed 
to T19b and T23b has been changed 
to T22b. 


Section 
4.2 


A.C. Timing 


• 
Fully IBM PC-AT· 
System 
Compatible 


• 
Two Chip Set Replaces 
the Major Logic 
Functions 
of the IBM PC·AT 
Motherboard 
Including 
the Functions 
of 
all the Microprocessor 
Peripherals: 
- 
8259A 
Programmable 
Interrupt 
Controller 
(Master) 
- 
8259A Programmable 
Interrupt 
Controller 
(Slave) 
- 
8254 Programmable 
Interval 
Timer 
- 
8284A Clock Generator 
- 
82284 Clock Generator 
& Ready 
Interface 
- 
82288 Bus Controller 
- 
8237 DMA Controller 
(2) 
-6818 
Real Time Clock 
-74LS612 
Memory 
Mapper 


• 
Includes: 
- 
Refresh 
Generation 
Logic 
- 
Refresh/DMA 
Arbitration 
- 
Address/Data 
Bus Control 
-16- 
to 8-Bit Conversion 
Logic 


• 
Memory 
Refresh 
Controller 
Drives Up 
to 4 Mb DRAMs 


• 
Numeric 
Processor 
Control 
Logic 


• 
Up to 12 MHz System 
Clock Utilizing 
RAMs with Zero Wait States 


• 
Single + 5V Power Supply 


• 
CHMOS Technology 


• 
84 Pin PLCC Packages 
(See 
Packaging 
Specification 
Order 
#231369-004) 


The 
82230 
and 
82231 
are a two-chip 
implementation 
of LSI/MSI/SSI 
logic 
controlling 
the 
IBM 
Personal 


Computer 
AT. The devices 
provide 
a low power, highly integrated 
PC-AT design solution 
that may be applied 
to any 80286-based 
system. 


The 82230 performs 
the functions 
of the 82284 Clock Generator 
& Ready Interface, 
82288 Bus Controller 
for 


80286 
processors, 
6818 
Real Time 
Clock/RAM, 
and the 
Master-Slave 
implementation 
of the dual 8259A 


Programmable 
Interrupt 
Controllers 
as well as Command 
Delay, Shut Down, Address/Data 
Bus Control 
and 


Ready Generation 
logic. 


The 82231 includes 
the 8254 Programmable 
Interval 
Timer, 8284A Clock Generator, 
LS612 Memory 
Mapper 


and the dual 8237 
DMA Controller 
functions 
as well as Refresh 
Generation 
and 
Refresh/DMA 
Arbitration 


Logic. 


NOTE: 
..+..and •.-" 
in front 
of signal 
names 
is consistent 
with PC-AT Documentation. 


'PC-AT 
is a Trademark 
of International 
Business 
Machine 
Corporation. 
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READY 


22 
INTR 


23 
+RESCPU 


24 
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21 
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29 
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Symbol 
Pin 
Type 
Description 
No. 


AO 
15 
I 
ADDRESS 
0 input from the CPU. It is used to generate 
SAO. 


A1 
14 
I 
ADDRESS 
1 input from the CPU. It is used in 
conjunction 
with M/IO, 
SO and S1 to detect a CPU 
Shutdown 
condition. 


A20 
17 
0 
ADDRESS 
20 is the A20 (NA20) line from the CPU after 
conditioning 
by the A20GATE 
signal. During a CPU Hold 
A20 goes to a high impedance 
state. 


A20GATE 
50 
I 
A20GATE 
from the Keyboard 
Controller 
is used to force 
A20 low. When A20GATE 
is low, A20 on the CPU 
Address 
Bus is forced low. When A20GATE 
is high, A20 
follows 
the CPU Address 
20. Tie directly to the P21 Pin 
of the Keyboard 
Controller. 


-AEN2 
62 
I 
ADDRESS 
ENABLE 
1 & 2 from DMA's 
1 & 2, 


-AEN1 
63 
respectively. 
The signal is the result of the DMA's AEN 
pin NAND'd 
with - MASTER. 
Tie directly from the 


-AEN1 
and -AEN2pinsof82231. 


ALE 
33 
0 
ADDRESS 
LATCH ENABLE 
is an acti:.le high signal that 
controls 
the address 
latches used to hold addresses 
during bus cycles. ALE is held inactive for Halt bus 
cycles. 


BAn 
32 
I 
BATTERY 
Power to the Clock Calendar 
and RAM. 


-BUSY286 
29 
0 
- BUSY286 
is an active low output indicating 
the 
operating 
condition 
of the 80287 coprocessor 
to the 
processor. 
It is normally tied to the processor 
- BUSY 
pin. 


-BUSY 
11 
I 
- BUSY is an active low input from the 80287 to indicate 
that it is currently 
executing 
a command. 
It is used to 
generate 
the - BUSY286 
output signal. 


CCROSC 
77 
I 
CLOCK CALENDAR 
OSCILLATOR; 
32.768 KHz signal. 


CCRRST 
79 
I 
CLOCK CALENDAR 
RESET signal for the Real Time 
Clock. This is an active low input. 


CCRR/W 
61 
I 
CLOCK CALENDAR 
READ/WRITE 
signal for the Real 
Time Clock. A high enables 
READ/WRITE 
operation 
to 
the real-time 
clock. Tie directly from the CCRR/W 
Pin of 
82231. 


CNTLOFF 
41 
0 
CONTROL 
OFF is used to enable the low byte data bus 
latch during byte accesses. 
This signal is active high. 


CPU HLDA 
65 
I 
CPU HOLD ACKNOWLEDGE 
is an active high input 
from the processor. 
An active condition 
indicates 
that 
the CPU has relinquished 
the bus to another 
bus master 
in the system. 


-CS287 
60 
I 
CHIP SELECT 287 is used to derive the - NPCS signal. 
Tie directly from the - CS287 pin of 82231. 


DIR245 
36 
0 
DIRECTION-245 
controls 
the high to low byte and low to 
high byte conversion 
during 
data transfers 
to and from 
8-bit peripherals. 


inter 


Symbol 
Pin 
Type 
Description 
No. 


DT/R 
39 
0 
DATA TRANSMIT/RECEIVE 
establishes 
the data 


direction 
to and from the local data bus. When high, this 


output signals a CPU write bus cycle. A low indicates 
a 


CPU read bus cycle is being performed. 
This signal is 


always high when no bus cycle is active. 


-ERROR 
10 
I 
ERROR is a negative 
edge triggered 
input from the 


numeric processor 
indicating 
that an unmasked 
error 


condition 
exists. Tie directly from the - ERROR Pin of 


the 80287. 


F16 
45 
I 
F16 is an active high input indicating 
a word memory 


access. 
It is used to inhibit command 
delays for memory 


accesses. 


+ FSYS16 
46 
I 
A latched version of F16. 


-GATE245 
37 
0 
GATE245 
is an active low output. When active it enables 


the bus transceiver 
that performs 
the high to low byte 


conversion 
with the DIR245 signal. Conversion 
does not 


take place if AO = 0 which indicates 
a word transfer. 


-INTA 
56 
0 
INTERRUPT 
ACKNOWLEDGE 
instructs 
an interrupting 


device that its interrupt 
request is being acknowledged. 


This signal is active low. -INTA 
is tri-stated 
when CPU 


HLDA is high and CNTLOFF 
is low. Tie directly to the 
-INTA 
pin of 82231. 


INTR 
22 
0 
INTERRUPT 
REQUEST 
is connected 
directly to the 


CPU's interrupt 
pin. INTR is active high, and is 


generated 
when a valid interrupt 
request 
has been 


asserted. 


-INTR1CS 
58 
I 
INTERRUPT 
CONTROLLER 
1 (MASTER) 
CHIP 


SELECT is an active low input that is used to select the 
Interrupt 
Controller 
as an I/O device. This allows 


communication 
between 
the master interrupt 
controller 


and the CPU via the 'X' Data Bus. Tie directly from the 
-INTR1CS 
pin of 82231. 


-INTR2CS 
57 
I 
INTERRUPT 
CONTROLLER 
2 (SLAVE) CHIP SELECT 


is an active low input that is used to select the Interrupt 
Controller 
as an I/O device. This allows communication 


between 
the slave interrupt 
controller 
and the CPU via 


the 'X' data bus. Tie directly from the -INTR2CS 
Pin of 


82231. 


-IOCS 
16 
35 
I 
I/O 16-BIT CHIP SELECT signals the system that the 
current data transfer 
is a 16-bit, one wait-state, 
I/O 


cycle. It is derived from an address decode 
and is an 


active low signal. 


-lOR 
53 
I/O 
I/O READ signal instructs 
a selected 
I/O device to drive 


its data onto the data bus. The -lOR 
signal is active 


low. It is tri-stated 
when CPU HLDA is high and 


CNTLOFF 
if low. 


-lOW 
52 
I/O 
I/O WRITE signal instructs 
a selected 
I/O device to read 


the data on the data bus. The -lOW 
signal is active low. 


It is tri-stated 
when CPU HLDA is high and CNTLOFF 
is 


low. 


Symbol 
Pin 
Type 
Description 
No. 


IRQO 
59 
I 
INTERRUPT 
REQUEST 
0 (system timer) receives 


interrupt 
requests 
from channel 
0 of the timer/counter. 


Tie directly from the IRQO pin of 82231. 


IRQ7-IRQ3 
3-7 
I 
INTERRUPT 
REQUESTS 
3-7, 
9-12, 
and 14-15 
are 


IRQ10-IRQ9 
1-2 
I 
used to signal the CPU that an I/O device needs 


IRQ12-IRQ11 
83-84 
I 
attention. 
The interrupt 
requests 
are prioritized 
with 


IRQ15-IRQ14 
81-82 
I 
IRQ9-IRQ12 
and IRQ14-IRQ15 
having the highest 


priority (IRQ9 highest) and IRQ3-IRQ7 
having the 


lowest priority (IRQ7 lowest). 
IRQn signals are active 


high. The requesting 
signal is held high until the CPU 


acknowledges 
the interrupt 
request. 


-LSDEN 
40 
0 
LEAST SIGNIFICANT 
DATA ENABLE 
is an active low 


output. When active, it enables the transceiver/receiver 
connected 
to the least significant 
byte of the local data 


bus. 


-MEMR 
66 
I/O 
MEMORY 
READ COMMAND 
instructs 
a memory device 


to drive data onto the data bus. This signal is active low. 
- MEMR is active on all memory read cycles. 
It is tri- 


stated when CPU HLDA is high and CNTLOFF 
Output 
is 


low. 


-MEMW 
44 
I/O 
MEMORY 
WRITE COMMAND 
instructs 
a memory 


device to read the data on the data bus. This signal is 
active low. - MEMW is active on all memory write 
cycles. 
It is tri-stated 
when CPU HLDA is high and 


CNTLOFF 
Output is low. 


-MSDEN 
38 
0 
MOST SIGNIFICANT 
DATA ENABLE 
is an active low 


output. When active, it enables 
the transceiver 


connected 
to the most significant 
byte of the local data 


bus. 


M/IO 
20 
I 
MEMORY-INPUT 
OUTPUT is the M/IO 
signal from the 


CPU. When high, it indicates 
a memory access. When 


low, it indicates 
an I/O access. 
It is used to generate 
the 


memory and I/O signals for the system. 


NA20 
16 
I 
NA20 is the CPU address 
20. 82230 conditions 
this 


signal with A20GATE 
to produce 
A20. NA20 is tied 


directly from the CPU A20 output. 


NC 
80 
Do Not Connect. 


-NPCS 
9 
0 
NUMERICAL 
PROCESSOR 
CHIP SELECT is an active 


low output used to select the 80287 Numerical 
Processor. 
It is tied directly to the NPS1 pin of the 


80287. 


+OPT 
49 
I 
KEYBOARD 
OUTPUT 
BUFFER 
FULL is an active high 


signal from the Keyboard 
Controller 
P24 Pin. The signal 


is an interrupt 
request (IRQ1) signaling 
a full keyboard 


buffer. 


-OWS 
47 
I 
ZERO WAIT STATE option. When pulled active (low), 
the current processor 
cycle can be terminated. 


inter 


Symbol 
Pin 
Type 
Description 
No. 


PCLK 
42 
0 
PERIPHERAL 
CLOCK is half the frequency 
of 
PROCCLK. 
It is used to clock peripheral 
controllers, 
specifically 
XTAL 1 of the Keyboard 
Controller. 


-PCLK 
43 
0 
PERIPHERAL 
CLOCK INVERTED 
is the inverse of 
PCLK. It has been made available 
specifically 
for XTAL2 
of the Keyboard 
Controller. 


PROCCLK 
28 
0 
PROCESSOR 
CLOCK provides the clock signal for the 
CPU and 80287 Numerical 
Processor. 
It is equal to the 
frequency 
of the crystal across pins X3 and X4. Tie 
directly to the CLK Pins of the 80286 and 80287. 


POWER 
78 
I 
POWER GOOD is an active low input that indicates 
that 
GOOD 
system power is sufficient 
to maintain the integrity of the 
system. 
If high, it will force a system reset. 


RC 
51 
I 
RESET CPU from the keyboard 
controller 
P21 Pin. 


READY 
21 
0 
READY is an active low output which signals that the 
current bus cycle is to be completed. 
SO, S1, POWER 
GOOD, and OWS control the READY. 


REFRDY 
64 
I 
REFRESH/IO-CHANNEL-READY 
is generated 
by 
82231. It is used to preset the READY Interface 
Asynchronous 
READY (ARDY). 


+RES287 
8 
0 
RESET 80287 is the reset signal for the 80287 
Numerical 
Processor. 


RESCPU 
23 
0 
RESET CPU is the reset signal for the CPU. Active high, 
RESCPU is generated 
when either POWER GOOD or RC 
become 
active, or when the CPU generates 
a shut down 
status by forcing 
MilO 
high. SO, S1 and A 1 low. If this 
signal is initiated by RC, or by MilO, 
SO, S1 and A 1, it 
will remain active for 16 PROCCLK 
cycles. 


+ RESET 
55 
0 
RESET (SYSTEM) 
is an active high output derived from 
the POWER GOOD input. + RESET is used to force the 
system into an initial state. When 
+ RESET is active, 
READY will also be active (Low). 


SO,S1 
18,19 
I 
STATUS 
inputs from the CPU. The status signals are 
used by the bus controller 
to determine 
the state of the 
CPU. 


SAO 
13 
0 
ADDRESS 
0 of the CPU bus. SAO outputs AO from the 
CPU during local CPU cycles. During a CPU Hold SAO 
goes to a high impedance 
state so that another 
master 
on the expansion 
bus can take control. 
During an 
interrupt acknowledge 
this signal will be forced 
low. 


SMIIO 
12 
I 
SYSTEM 
MEMORY-INPUT 
OUTPUT 
is the MilO 
signal 
from the CPU, conditioned 
by ALE. 


SYSCLK 
54 
0 
SYSTEM 
CLOCK is the result of PROCCLK 
divided by 
two, thus synchronized 
to the processor's 
T-states. 
It 
may be used to clock peripheral 
devices that must be 
synchronized 
to the CPU. 


inter 


Symbol 
Pin 
Type 
Description 
No. 


VCCl 
24 
POWER: 
+ 5V supply. 


VCC2 
75 


VSS1 
25 
GROUND. 
VSS2 
76 
VSS3 
48 


X3 
26 
I 
CRYSTAL 
inputs used to generate 
PROCCLK 
and 
X4 
27 
0 
SYSCLK. The crystal frequency 
must be twice the 
processor 
clock frequency. 
Alternatively, 
an oscillator 
may be connected 
to X3. 


XAO 
31 
I 
ADDRESS 
0 is used by the 8259A to decipher 
command 
words the CPU issues. XAO works in conjunction 
with 
the read, write and chip select signals to the interrupt 
controller 
in determining 
whether 
the CPU wishes to 
issue a command 
or read the status of the controller. 


XA3 
30 
I 
ADDRESS 
3 is used for generating 
the chip select and 
reset signals for the 80287. 


-XBHE 
34 
I/O 
BUS HIGH ENABLE is an active low signal which is used 
by 82230 to generate 
the MSDEN signal. 


XD7-XDO 
67-74 
I/O 
Data Bus 0-7 
for the peripheral 
bus. The direction 
of the 
bus is determined 
by the - RDXDB signal from 82231. 
It 
is used by the 8259A to decipher 
command 
words the 
CPU issues. 


Symbol 
Pin 
Type 
Description 
No. 


-8042CS 
63 
0 
8042 CHIP SELECT is an active low, chip select signal 
for the Keyboard 
Controller. 


A23-A17 
70-76 
0 
A23-A 
17 are the Address 
bits 17 -23 
of the CPU 
Address 
bus. They are outputs directly from the Memory 
Mapper Pins M01-M07 
and supply page information 
during DMA transfers. 
These outputs are tri-stated 
unless HLDA and - MASTER 
are high. 


+ACK 
36 
0 
ACKNOWLEDGE 
is an active low output. When active it 
enables 
the bus transceiver 
between 
the system and 
, 
peripheral 
(XBUS) bus. + ACK is used in conjunction 
with - RDXDB which controls 
the direction 
of the bus 
transceiver. 


-AEN1 
23 
0 
ADDRESS 
ENABLE 
FROM DMAs 1 & 2, respectively. 
-AEN2 
24 
0 
The signal is the result of the DMA's AEN signal NAND'd 
with - MASTER. 
Tie directly to the - AEN1 and - AEN2 
pins of 82230. 


CCRR/W 
25 
0 
CLOCK CALENDAR 
READ/WRITE 
signal for the real- 
time clock. A high enables 
READ/WRITE 
operations 
to 
the real-time 
clock. Tie directly to the CCRR/W 
pin of 
82230. 


CPU HRQ 
64 
0 
CPU HOLD REQUEST 
is an active high output indicating 
. 
a DMA request to the CPU. It is also active during 
refresh cycles. CPU HRQ is normally connected 
to the 
80286 HOLD Pin. 


Symbol 
Pin 
Type 
Description 
No. 


-CS287 
26 
0 
CHIP SELECT 287 is used by 82230 to derive the 
- NPCS signal. Tie directly to the - CS287 pin of 82230. 


-DACKO-3 
61-58 
0 
DMA ACKNOWLEDGE 
0-3 
and 5-7 
are used to 
-DACK5-7 
57-55 
0 
acknowledge 
DMA requests 
(DRQO-3 
& 5-7). 
The 
output signal is an active low. 


-DMAAEN 
37 
0 
DMA ADDRESS 
ENABLE 
is an active low signal and is 
active when an I/O device is making a DMA access to 
system memory or during refresh. 


-DPCK 
39 
I 
DATA PARITY CHECK is used to generate 
NMI. This 
input is active low. 


DRQO-3 
46-49 
I 
DMA REQUEST 
0-3 
& 5-7 
are synchronous 
channel 
DRQ5-7 
50-52 
I 
requests 
used by peripheral 
devices and I/O processors 
to gain DMA service. The requests 
are prioritized 
with 
DRQO having the highest and DRQ7 having the lowest 
priorities. 
A DRQ line must be held active (high) until the 
corresponding 
DACK line goes active. 


HLDA 
21 
I 
HOLD ACKNOWLEDGE 
is an active high input that is 
equivalent 
to CPU HLDA. An active condition 
inidicates 
that the CPU has relinquished 
the bus to another 
bus 
master in the system. 


-INTA 
30 
I 
INTERRUPT 
ACKNOWLEDGE 
instructs 
an interrupting 
device that its interrupt 
is being acknowledged, 
and the 
device may place its interrupt vector onto the data bus. 
This input signal is active low. -INTA 
is used by 82231 
in the generation 
of - RDXDB. Tie directly from 82230 
Pin 56. 


-INTR1CS 
28 
0 
INTERRUPT 
CONTROLLER 
1 (MASTER) 
CHIP 
SELECT is an active low output that is used by 82230 to 
select the Interrupt 
Controller 
as an I/O device. This 
allows communication 
between 
the Master Interrupt 
Controller 
and the CPU via the 'X' Data Bus. Tie directly 
to the -INTR1CS 
pin of 82230. 


-INTR2CS 
29 
0 
INTERRUPT 
CONTROLLER 
2 (SLAVE) CHIP SELECT 
is an active low output that is used by 82230 to select 
the Interrupt 
Controller 
as an I/O device. This allows 
communication 
between 
the Slave Interrupt 
Controller 
and the CPU via the 'X' Data Bus. Tie directly to the 
-INTR2CS 
Pin of 82230. 


-IOCHCK 
43 
I 
I/O CHANNEL 
CHECK is an active low input. It is used 
to indicate 
an uncorrectable 
system error. It provides 
the 
system with parity error information 
about memory or 
devices 
on the I/O channel. 


10CHRDY 
42 
I 
I/O CHANNEL 
READY is generated 
by an I/O device. 


When low it indicates 
a 'not ready' condition 
and forces 
the insertion 
of wait states in I/O or Memory accesses 
by the I/O device. When active (high), it will allow the 
completion 
of a memory or an I/O access by the I/O 
device. 


Symbol 
Pin 
Type 
Description 
No. 


-lOR 
33 
I/O 
I/O READ signal instructs 
a selected 
I/O device to drive 
its data onto the data bus. The -lOR 
signal is active 
low. It is used for data transfers 
between 
the CPU and 
I/O devices and by DMA transfers. 


-lOW 
34 
I/O 
I/O WRITE signal instructs 
a selected 
I/O device to read 
the data on the data bus. The -lOW 
signal is active low. 


It·is used for data transfers 
between 
the CPU and I/O 
devices and by DMA transfers. 


IRQO 
27 
0 
INTERRUPT 
REQUEST 
0 (System Timer) from Channel 
o of the Timer/Counter. 
Tie directly to the IRQO Pin of 
82230. 


-MASTER 
40 
I 
- MASTER 
is an active low input used in conjunction 
with a DRQ line to gain control 
of the system. A DMA 
controller 
or processor 
on the I/O channel 
may issue a 
DRQ to a DMA channel 
and receive a - DACK. The I/O 
processor 
may then activate 
- MASTER which will allow 
it to control the system address, 
data, and control 
lines. 


NC 
20 
Do Not Connect. 


NMI 
65 
0 
NON-MASKABLE 
INTERRUPT 
is an active high output 
that is connected 
to the CPU NMI pin. 


OSC 
67 
0 
OSCILLATOR 
output is the clock frequency 
of the 
crystal connected 
across X1-X2.lt 
is the OSC output 
from the Clock Generator. 


P2 
35 
0 
P2 is an active high output indicating 
that a valid refresh 
address 
is available 
on the XA bus. 


-RDXDB 
38 
0 
READ X-DATA BUS controls 
the direction 
of the 
bidirectional 
buffer between 
the least significant 
byte of 
the'S' 
Data Bus and the 'X' Data Bus. - RDXDB is used 
in conjunction 
with + ACK to control 
XBUS activity. 


When + ACK is active (low) and - RDXDB is low, data is 
to be read from the peripheral 
bus. When + ACK is 
active (low) and - RDXDB is high, data is to be written 
to the peripheral 
bus. 


REFRDY 
22 
0 
REFRESH/IO-CHANNEL-READY 
is generated 
by 
+ REFRESH 
OR'd with 10CHRDY. 
It is used by 82230 
to preset the Clock Generator 
& Ready Interface 
Asynchronous 
Ready (ARDY). 


-REFRESH 
41 
I/O 
REFRESH 
is an active low output used to initiate a 
refresh cycle for the dynamic 
RAMs. 
+ RESET 
31 
I 
RESET (SYSTEM) 
is an active high input from 82230. 


+ RESET is used to force 82231, as well as the system, 
into an initial state. Tie directly from 82230 Pin 55. 


SPEAKER 
66 
0 
SPEAKER 
OAT A is an output of the Programmable 
interval timer tone signal used to drive the speaker. 


SYSCLK 
32 
I 
SYSTEM 
CLOCK input from 82230. It is used to 
synchronize 
82231 to the system. Tie directly from 
82230 SYSCLK 
Pin. 


TC 
62 
0 
TERMINAL 
COUNT provides 
a pulse when the terminal 
count for any DMA channel 
is reached. 


Symbol 
Pin 
Type 
Description 
No. 


VCC1 
11 
POWER: + 5V supply. 


VCC2 
53 


VSS1 
10 
GROUND. 


VSS2 
54 


X1 
68 
I 
CRYSTAL 
inputs for the internal oscillator 
used to 
X2 
69 
0 
generate 
clocking 
for I/O devices. 
A parallel resonant 
fundamental 
frequency 
mode crystal is required. An 
alternative 
oscillator 
may be connected 
to X1. 


XA8-XAO 
1-9 
I/O 
XBUS ADDRESSES 
0-16 
are the peripheral 
addresses 
XA9 
84 
I/O 
for the local I/O bus. 


XA16-XA10 
77-83 
0 


XDO-XD7 
12-19 
I/O 
Data Bus 0-7 
for the peripheral 
bus. The direction 
of the 
bus is determined 
by the - RDXDB signal from 82231. 


-XMEMR 
44 
I/O 
MEMORY 
READ signal indicating 
a DMA read operation 
from peripheral 
devices or memory. 


-XMEMW 
45 
0 
MEMORY 
WRITE signal indicating 
a DMA write 
operation 
to peripheral 
devices or memory. 
It is tri-stated 
except during DMA transfers. 


inter 


The 82230 
and 82231 
are a two-chip 
implementa- 
tion 
of LSI/MSI/SSI 
logic 
controlling 
the 
IBM Per- 
sonal Computer 
AT. The devices 
provide 
a low pow- 
er, highly integrated 
PC-AT design solution 
that may 
also 
be applied 
to any 80286-based 
system. 
With 
the 82230 
and 82231, 
a PC-AT system 
can be de- 
signed 
to operate 
at 12 MHz with 
zero wait 
state 
RAM accesses. 


These 
standard 
cell products 
contain 
most 
of the 
logic peripheral 
to the microprocessors 
and memory 
on the "standard" 
AT motherboard. 
The LSI periph- 
erals which 
support 
the AT design 
reside 
as super- 
cells on the 82230/82231 
chips. These 
peripherals 
are compatible 
with the products 
they replace 
and 
the user should 
refer to the standard 
product 
data 
sheets for additional 
information 
on the operation 
of 
these 
devices. 


The PC-AT schematics 
in the IBM PC-AT Technical 
Reference 
Manual 
are also a good source 
of infor- 
mation 
about the 82230/82231 
's internal 
logic. 


The 
82230 
performs 
the 
functions 
of 
the 
82284 
Clock 
Generator 
& 
Ready 
Interface, 
82288 
Bus 
Controller, 
6818 
Real 
Time 
Clock/RAM, 
and 
the 
Master-Slave 
implementation 
of the dual 8259A 
Pro- 
grammable 
Interrupt 
Controllers 
as well 
as Com- 
mand Delay, Shut Down, Address/Data 
Bus Control 
and Ready Generation 
logic. 


The 82231 
includes 
the 8254 
Programmable 
Inter- 
rupt Timer, 8284A 
Clock Generator, 
LS612 
Memory 
Mapper and the dual 8237 DMA Controller 
functions 
as well 
as Refresh 
Generation 
and 
Refresh/DMA 
Arbitration 
Logic. 


The block diagram 
is shown below in Figure 1 which 
shows the 82230 and 82231 
being used in a PC-AT 
compatible 
design. 
Note how the basic structure 
of 
the PC-AT is retained 
in the design. The five address 
busses 
and 
four 
data 
busses 
are 
present. 
The 
82230 
and 82231 
'sit' 
on the X Address 
and Data 
Busses 
and monitor 
the status and control 
line out- 
puts from the 80286 in order to operate 
the peripher- 
al supercells. 


ses is included 
in order 
to show 
how a system 
de- 
sign using the 82230/82231 
allows for the retention 
of the PC-AT bus structure. 


ADDRESS 
BUSSES 


The 
82230/82231 
allows 
a straightforward 
PC-AT 
design 
which 
preserves 
the five basic address 
bus- 
ses. System 
designers 
can interact 
with these 
bus- 
ses, 
create 
new 
busses, 
or eliminate 
busses, 
de- 
pending 
upon design 
objectives. 
Each bus must be 
independently 
buffered 
and 
separated 
by buffers/ 
latches. 
Most 
handshake 
signals 
are generated 
by 
the 82230/82231. 


The Local Address 
Bus is comprised 
of the 24 ad- 
dress pins emanating 
from the 80286. 
External 
buff- 
ers 
are 
required 
in 
order 
to 
separate 
the 
local 
address 
bus from the system 
address 
bus. AO, how- 
ever, is input directly 
into the 82230 
and is used in 
conjunction 
with XBHE in order to enable the appro- 
priate memory 
bank. The 82230 inputs CPU address 
bit NA20 and outputs 
A20. 


The 
System 
Address 
Bus is the 
main AT address 
bus. This is a latched 
version 
of the local address 
bus, and 
is a 20-bit 
bus. SAO is an output 
of the 
82230 
and 
SA 1- SA 19 are latched 
from 
the 
local 
address 
bus. The latch signal is ALE, which is gener- 
ated 
by the 
82288 
supercell 
in the 
82230. 
CPU 
HLDA, 
generated 
by the 
80286 
and 
active 
high, 
should 
be used as the output 
enable 
signal. 


The Memory Address 
Bus applies to the RAM on the 
PC-AT system 
board only. It is a multiplexed 
version 
of the System 
Address 
Bus with nine address 
lines, 
MAO-MA8. 
Ex1ernal multiplexers 
are used to gener- 
ate the row and column 
addresses. 


The X Address 
Bus is separated 
from 
the System 
Address 
Bus. The X address 
lines are input/outputs 
into 
the 
82230/82231. 
The 
X Address 
Bus 
is a 
motherboard 
address 
bus which 
is used to address 
ROM (BIOS) and motherboard 
I/O. In addition, 
the X 
Address 
Bus 
generates 
addresses 
for 
DMA 
and 
memory 
refresh. 


The 
L Address 
Bus is an unlatched 
7-bit address 
bus. LA 17 - LA23 can allow a PC-AT design up to 16 
MBytes 
of 
address 
space. 
The 
L Address 
Bus 
should be made available 
at the expansion 
bus con- 
nector. 


The 
Local 
Data 
Bus is the 
name 
for the data 
bus 
lines emanating 
directly 
from 
the 80286. 
The 
local 
data bus has 16 lines, DO-D15. 
Because 
the 80286 
can do word 
and byte transfers 
and because 
word 
transfers 
need not be aligned, 
it is necessary 
to de- 
sign a bus interface 
which differentiates 
between 
the 
high bus byte and the low bus byte. 


The System 
Data Bus is the main data bus of a PC- 
AT system and interfaces 
with all other data busses. 
The 82230 and 82231 are designed 
to control 
these 
interfaces 
in order 
to 
simplify 
system 
design 
and 
maximize 
bus flexibility. 


The 
Memory 
Data 
Bus interfaces 
both 
DRAM 
and 
ROM. 
It is a 16-bit bus and connects 
with the Sys- 


tem Data Bus through 
buffers. 


The X Data Bus is the bus intended 
primarily for sys- 
tem 
board 
I/O 
functions. 
It interfaces 
to functions 
such 
as the 
DMA 
controllers, 
Interrupt 
controllers, 
Keyboard 
controller, 
and Real Time Clock. 


82230/82231 
Interface 


The 82230 
and 82231 
are relatively 
independent 
of 
each other; the 82230 generates 
most of the timing 
and control 
signals 
and the 
82231 
controls 
the 
X 
Address 
Bus for DMA and refresh. 
Both chips have 
additional 
functions 
but because 
of the desire to par- 
tition the system design such that the 82230 and the 
82231 could be assembled 
in low cost 84-pin PLCC 
packages, 
each chip relies on the other 
for certain 
functions. 
This 
entails 
introducing 
dedicated 
Inter- 
face 
signals 
between 
the 82230 
and 82231 
into a 
system 
design. The 82230/82231 
interface 
requires 
14 pins on each device and these pins are described 
below. 


• 
REFRDY 
is generated 
by the 82231 and used to 
tell the 82230 to insert wait-states 
in response 
to 
the 82231 
input 
10CHRDY. 
10CHRDY 
is active 
high. 


• 
-AEN1 
and 
-AEN2 
are signals 
generated 
by 
the 82231 which 
indicate 
DMA byte (- 
AEN1) 
or 
word 
(- AEN2) 
transfers, 
and 
are 
used 
by the 
82230 to generate 
bus buffer 
control 
signals. 


• 
CCRR/W 
is generated 
by the 82231 and used by 
the 82230 
as part of the 6818 chip select. 


• 
-INTR1CS 
and 
-INTR2CS 
are 
generated 
by 
the 82231 and used by the 82230 as the interrupt 
controller 
chip selects. 


• 
-CS287 
is generated 
by the 82231 
and is used 
by the 82230 to generate 
80287 
control 
signals. 


• 
IROO is the 
output 
of the 8254 
timer 
0 on the 
82231 and is connected 
to interrupt 
request 
0 on 
the master 
interrupt 
controller 
in the 82230. 
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to POWERGOOD 
and is used by the 82231 
for 


initialization. 


• 
SYSCLK 
is PROCCLK 
divided 
by two. 


• 
-INTA, 
-MEMR, 
-lOR, 
and 
-lOW 
are com- 
mands 
generated 
by the 82230 
in response 
to 
the 80286 status inputs SO and S1, and are used 
by the 82231 
as basic system 
commands. 


Coprocessor 
Interface 


The 
82230 
contains 
a coprocessor 
interface 
logic 


block 
to allow 
interfacing 
with 
an 80287 
math 
co- 
processor. 
The 
coprocessor 
interface 
includes 
the 
IBM PC-AT compatible 
error handling 
hardware. 


Memory Operations 


When 
the 82230 
and 82231 
are used 
in a PC-AT 
system 
design, the system can be designed 
to oper- 
ate with the full 16 MBytes 
of memory 
that the 24 
address 
lines of the 80286 allow. 


The 
82230/82231 
chipset 
normally 
operates 
with 
one wait state 
inserted 
for memory 
operations 
and 
four 
wait-states 
inserted 
for 
I/O 
operations. 
The 


number 
of wait 
states 
may 
be increased 
for slow 


memory 
or I/O devices, 
or decreased 
if use of high- 
speed 
memory 
or I/O devices 
is desired 
in order to 
provide 
higher system 
performance. 


During 
normal 
operation, 
the 
number 
of ROM 
ac- 


cesses 
are relatively 
few compared 
to RAM access- 


es, so ROM subsystem 
speed does not significantly 


affect 
system 
performance. 
When 
designing 
high 


performance 
PC-AT 
systems, 
it should 
be verified 


that the ROM subsystem 
is fast enough 
for opera- 


tion. Note also that older versions 
of the IBM BIOS 
may not operate 
in systems 
faster than·8 MHz. Mod- 
ifications 
of 
both 
RAM 
and 
ROM 
subsystem 
per- 


formance 
are covered 
in detail 
in the 
Intel 
286EX 


Application 
Note. 
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Because 
of 
the 
high 
level 
of 
integration 
of 
the 


82230/82231, 
several 
different 
clock 
frequencies 


are present 
on the chips. 
Figure 
2 shows 
the rela- 


tionships 
between 
the various 
clock 
signals. 


PROCCLK 
is the main system clock which is used in 


a PC-AT 
system 
to generate 
all the 
basic 
system 


and 
bus 
timings. 
The 
clock 
is generated 
by the 


82230 
and operates 
at twice 
the system 
clock 
fre- 


quency. 
See Table 
1 for 
processor 
clock 
capaci- 


tance. 
The tolerance 
of the PROCCLK 
oscillator 
is 
independent 
of the 82230/82231 
and is primarily de- 


termined 
by the 
requirements 
of 
the 
80286 
and 


80287 
processors. 
For 
reliable 
operation 
at 
the 


specified 
VDD and temperature 
condition, 
the proc- 


essor timing specifications 
must not be exceeded. 


Table 
1. Recommended 
Fundamental 
Mode 


Crystal Characteristics 
and Recommended 
Load 


Capacitance 
for PROCCLK 


Oscillator 
Crystal 
CLOAD 
CIN (pF) 
COUT (pF) 


Freq. 
(pF) 
X3 
X4 


PROCCLK 
12 MHz 
20 
30 
10 


PROCCLK 
16 MHz 
20 
30 
10 


PROCCLK 
20 MHz 
20 
27 
8 


PROCCLK 
24 MHz 
20 
22 
8 


SYSCLK 
is PROCCLK 
divided by two, and should be 


used as the expansion 
bus clock. SYSCLK 
is'an out- 


put of the 82230. 
To ensure 
compatibility 
with ex- 


pansion cards, SYSCLK should not be above 8 MHz. 


X1 is an input to the 82231 
which 
is 12 times 
the 


frequency 
used 
to clock 
the three 
counters 
in the 


8254 timer on the 82231. 
In order to be compatible 


with 
AT 
hardware 
and 
software, 
it 
should 
be 
a 


14.318 
MHz fundamental 
mode 
crystal 
with CLOAD 


= 32 pF, and a 27 pF capacitor 
should be placed in 


series with the crystal. 
Alternately, 
a 14 MHz funda- 


Figure 2. 82230 Clock Timing 


1-151 


inter 


mental 
mode 
crystal 
(CLOAD = 
32 
pF) 
may 
be 


trimmed 
with a 5-50 
pF trimmer 
capacitor 
in series 


for 
high 
accuracy 
applications 
such 
as 
NTSC 
or 
RS170 video-compatibility 
with chroma 
colorburst. 


Note that the trim cap must be adjusted 
with a low- 
capacitance 
nylon or teflon tuning wand for accurate 


trimming. 
Tolerance 
for this clock is 0.1 % or less for 


non-video 
or non time-critical 
use, 0.01 % or greater 


if used for video 
color-burst 
or time-critical 
applica- 
tions. 


The CCR clock 
is the low-frequency 
oscillator 
used 


to 
clock 
the 
6818 
Clock/Calendar/RAM 
on 
the 


82230. 
CCROSC 
tolerance 
is variable 
and depen- 


dent 
upon 
real-time 
clock 
accuracy 
requirements. 
See Table 2 for CCROSC 
clock tolerance 
and accu- 


racy. 


Tolerance 
Accuracy 


0.001% 
or 
5 minutes/year 


10 ppm 
trimming 
required 


0.01% 
or 
1 minute/week 
no 
100 ppm 
trimming 
required 


0.02% or 
2 minutes/week 
no 
200 ppm 
trimming 
required 


0.05% or 
5 minutes/week 
no 
500 ppm 
trimming 
required 


External CMOS output drive oscillators 
may be used 


for either PROCCLK 
or OSC. Simply connect 
the ex- 


ternal 
oscillator 
outputs 
to PROCCLK 
inputs 
X1 or 


X3. TTL output oscillators 
may be used if the output 


drive VOH is greater 
than 4.1V; pull-up 
resistors 
will 


generally 
suffice. 
The oscillator 
invertor 
outputs 
X2 


and X4 may be left open, 
or may be used to drive 


one moderate 
rise-time 
CMOS 
load if needed. 


inter 


Ambient 
Temperature 
Under Bias 
O·C to 70·C 


Storage Temperature 
- 65·C to + 150·C 


Voltage 
on any Pin 
with Respect 
to Ground 
- 0.5V to VCC + 0.5V 


Power Dissipation 
1W 


NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings 
only. Operation 
beyond 
the 


"Operating 
Conditions" 
is not recommended 
and ex- 


tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


82230/82231 DC CHARACTERISTICS 
VCC = 
5V ± 5%, VSAT = 
2.8V to VCC. TA = 
O°C to + 70·C 


Parameter 
Conditions 
Mln 
Max 
Units 


VIL 
0.5 
V 


VIH 
2.0 
V 


VIL 
0.5 
V 
82230 Pins 26, 77, 78, 79 
82231 Pins 41, 42, 68 


VIH 
Vcc 
- 
0.5 
V 
82230 Pins 26, 77, 78, 79 
82231 Pins 41,42,68 


VIH 
Vcc 
- 
0.5(1) 
V 
82230 Pin 47 


110 
VIN = 0 
-100 
IJ-A 


110 
VIN = 0 
-10 
IJ-A 
82230 Pins 26, 77, 78, 79 


111 
VIN = Vcc 
10 
IJ-A 


~H 
VOH = 2.4 
-4 
mA 
xcept for 82231 Pin 41 (2) 


IOL 
VOL = 0.45V 
4 
mA 


IOL 
VOL = 0.45V 
16 
mA 
82230 Pins 13, 28, 44, 52, 53 
54,56,66 
82231 Pins 33 34, 67 


IOL 
VOL = 0.45V 
18 
mA 
82231 Pin 41 


IOZ 
Vo = OtoVCC 
-10 
+10 
IJ-A 


Icc82230 
F= 
10MHz 
55 
mA 
F = 12MHz 
60 
mA 


Icc 82231 
F=10MHz 
45 
mA 
F=12MHz 
50 
mA 


Icc82230 
F = 32.768 KHz 
25 
IJ-A 


from Battery 
VSAT = 5V 
Vcc 
= OV 


Icc82230 
F = 32.768 KHz 
20 
IJ-A 
from Battery 
VSAT = 2.8V 
Vcc 
= OV 


NOTES: 
1. -OWS (82230 Pin 47) is driven by an open collector output. It is pulled up to CMOS voltage levels of Vcc - 
0.5V by a 


pullup resistor. 
2. -REFRESH 
(82231 Pin 41) is an open collector output. 


3. CCROSC is the only signal that should switch in the battery back up mode. For back up operation with VSATT< 4.75V, 
CCROSC, POWERGOOD and CCRRST input levels VILIVIH should be 10% and 90% of VSATT,respectively. 


Symbol 
Parameter 
10 MHz 
12 MHz 
Units 
Notes 
-Figure 
Min 
Max 
Min 
Max 


53-15 
- OWS Setup Time to PROCCLK 
.! 
25 
25 
ns 
13 


54-15 
- OWS Hold Time from PROCCLK .! 
0 
0 
ns 
13 


- OWS Setup Time to PROCCLK .! 
36 
36 
ns 
11 


- OWS Hold Time from PROCCLK 
.! 
0 
0 
ns 
11 


69-22 
AO Setup Time to ALE 
30 
25 
ns 
AO Hold Time from ALE 
0 
0 
ns 


26-6 
A 1 Setup Time to S1, SO 
27 
22 
ns 
27-6 
A 1 Hold Time from S 1, SO 
0 
0 
ns 


43-13 
A20 Delay from NA20 
27 
22 
ns 
44-13 
A20 Delay from A20GA TE 
37 
32 
ns 
45-13 
A20 Disable Delay from CPUHLDA i 
35 
30 
ns 
4 
46-13 
A20 Enable Delay from CPUHLDA 
.! 
35 
30 
ns 


17-3 
ALE Active Delay from PROCCLK 
.! 
25 
23 
ns 
18-3 
ALE Inactive 
Delay from PROCCLK.! 
30 
25 
ns 


68-21 
BUSY286 
Delay from BUSY, 
lOW 
35 
35 
ns 


CCROSC 
High Time 
25 
25 
fJ-s 
5 
CCROSC 
Low Time 
25 
25 
fJ-s 
5 
CCROSC 
Input Rise/Fall 
Time 
20 
20 
ns 
12 


39-10, 
11 
CCRR/W 
Setup Time to lOR/lOW.! 
0 
0 
ns 
40-10,11 
CCRR/W 
Hold Time from IORIIOW i 
17 
15 
ns 


CCRRST 
Pulse Width 
100 
83 
ns 


67-20 
CNTLOFF 
Delay from PROCCLK 
.! 
30 
25 
ns 


70-23 
CPUHLDA 
Setup Time to PROCCLK 
.! 
20 
15 
ns 
71-23 
CPUHLDA 
Hold Time from PROCCLK 
.! 
0 
0 
ns 


49-14 
DIR245 Delay from -lOR.!, 
-lOW.! 
17 
15 
ns 
49-14 
DIR245 Delay from - MEMR, 
- MEMW 
17 
15 
ns 
DIR245 Delay from - AEN1, 
- AEN2 
40 
35 
ns 


55-16 
DT /R Delay High from PROCCLK 
.! 
45 
40 
ns 
56-16 
DT /R Delay Low from PROCCLK 
.! 
45 
40 
ns 


60-16 
F16 Setup Time to PROCCLK 
.! 
30 
30 
ns 
61-16 
F16 Hold Time from PROCCLK 
.! 
0 
0 
ns 
+ FSYS16 Setup Time to PROCCLK.! 
100 
83 
ns 
+ FSYS16 Hold Time from PROCCLK.! 
50 
40 
ns 


50-14 
- GATE245 
Delay from 
-lOR.!, 
-lOW.! 
22 
20 
ns 
50-14 
-GATE245 
Delay from 
-MEMR, 
-MEMW 
22 
20 
ns 


- GATE245 
Delay from 
- AEN 1, - AEN2 
45 
40 
ns 


Symbol 
Parameter 
10 MHz 
12 MHz 
Units 
Notes 
-Figure 
Min 
Max 
Min 
Max 


37-9 
Interrupt 
Request 
Pulse Width 
100 
100 
ns 
8 


29-7,8 
-lOR, 
-lOW 
Active Delay from PROCCLK 
.! 
3 
15 
3 
15 
ns 
30-7,8 
-lOR, 
-lOW 
Inactive 
Delay from PROCCLK 
.! 
3 
15 
3 
15 
ns 


-lOR, 
-lOW 
Enable/Disable 
Delay from CPUHLDA 
40 
40 
ns 


- INTA Active Delay from PROCCLK 
.! 
3 
45 
3 
35 
ns 
-INTA 
Inactive Delay from PROCCLK 
.! 
3 
45 
3 
35 
ns 


-INTA 
Enable/Disable 
Delay from CPUHLDA 
40 
40 
ns 


38-9 
INTR Delay from Interrupt 
175 
150 
ns 


33-7,8 
-INTR1CS, 
- 
INTR2CS Setup Time to -lOR, 
-lOW.! 
0 
0 
ns 
34-7,8 
-INTR1 
CS, - 
INTR2CS 
Hold Time from -lOR, 
-lOW i 
0 
0 
ns 


72-24 
-10 
CS 16 Setup Time to SYSCLK .! 
85 
75 
ns 
73-24 
- 10 CS 16 Hold Time from SYSCLK .! 
0 
0 
ns 


57-16 
- LSDEN, 
- MSDEN Active Delay from PROCCLK 
.! 
45 
40 
ns 
58-16 
- LSDEN, 
- MSDEN 
Inactive Delay from PROCCLK.! 
35 
30 
ns 
66-19 
-LSDEN, 
-MSDEN 
Delay from 
-NPCS 
15 
15 
ns 
- LSDEN, 
- MSDEN Active Delay from 
30 
30 
ns 
SM/IO 
after -CS287 
Inactive 


79-16 
- MEMR, 
- MEMW Active Delay from PROCCLK .! 
3 
15 
3 
15 
ns 
80-16 
- MEMR, 
- MEMW Inactive 
Delay from PROCCLK 
.! 
3 
15 
3 
15 
ns 
- MEMR, 
- MEMW Enable/Disable 
Delay from CPUHLDA 
40 
40 
ns 


64-17 
- MSDEN Delay from 
- XHBE 
27 
25 
ns 


62-16 
M/IO Setup Time to PROCCLK .! 
28 
25 
ns 
63-16 
M/IO 
Hold Time from PROCCLK .! 
0 
0 
ns 


65-18 
-NPCS 
Delay from SM/10-CS287, 
XA3, -INTA 
40 
35 
ns 


11-2 
PCLK, - PCLK High Time 
45 
35 
ns 
12-2 
PCLK, - PCLK Low Time 
45 
35 
ns 
13-2 
PCLK, - PCLK Delay from PROCCLK 
45 
40 
ns 
14-2 
PCLK, - PCLK Rise/Fall 
Times 
7.5 
5 
ns 
12 


19-4 
POWER GOOD Setup Time to PROCCLK 
.! 
26 
26 
ns 
3 
POWER GOOD Hold Time from PROCCLK 
.! 
50 
41 
ns 
3 
8-4 
POWER GOOD Rise/Fall 
Times 
20 
20 
ns 
12 
POWER GOOD Inactive 
Pulse Width 
- 
1 
1 
JLs 


5-2 
PROCCLK 
Delay from X3 
5 
25 
5 
20 
ns 
6-2 
PROCCLK 
High Time 
16 
13 
ns 
7-2 
PAOCCLK 
Low Time 
12 
11 
ns 
9-2 
PROCCLK 
Rise/Fall 
Time 
8 
8 
ns 
12 


22-5 
- RC Setup Time to SYSCLK i 
30 
30 
ns 
3 
23-5 
- RC Pulse Width 
100 
83 
ns 


51-15 
READY Active Delay from PROCCLK 
.! 
22 
18 
ns 
52-15 
READY Inactive 
Delay from PROCCLK 
.! 
70 
60 
ns 


Symbol 
Parameter 
10 MHz 
12 MHz 
Units 
Notes 
-Figure 
Min 
Max 
Min 
Max 


REFRDY 
Pulse Width 
50 
40 
ns 
REFRDY 
Hold Time from PROCCLK 
..L- 
34 
34 
ns 
REFRDY Setup Time to PROCCLK 
..L- 
-14 
-14 
ns 


74-25 
RES 287 Delay from -lOW· 
60 
50 
ns 


21-4 
RES CPU Delay from PROCCLK 
..L- 
27 
22 
ns 


20-4 
+ RESET Delay from PROCCLK 
..L- 
50 
50 
ns 


41-12 
SAO Enable Time from CPU HLDA 
60 
50 
ns 


42-12 
SAO Disable Time from CPU HLDA 
60 
50 
ns 
4 


15-3 
S1, SO Setup Time to PROCCLK 
..L- 
28 
15 
ns 
16-3 
S 1, SO Hold Time from PROCCLK 
..L- 
0 
0 
ns 


10-2 
SYSCLK 
Delay from PROCCLK 
..L- 
5 
20 
5 
20 
ns 


1-2 
X3 Period 
50 
41.7 
ns 
2-2 
X3 Low Time 
17 
15 
ns 
3-2 
X3 High Time 
23 
20 
ns 
4-2 
X3 Rise/Fall 
Times 
5 
3 
ns 
12 


35-8, 
11 
XDO-XD7 
Delay Time from 
-lOR 
..L- 
45 
40 
ns 
36-8, 
11 
XDO-XD7 
Hold Time from -lOR i 
17 
15 
ns 
31-7 
XDO-XD7 
Setup Time to -lOW i 
100 
83 
ns 
32-7 
XDO-XD7 
Hold Time from -lOW i 
0 
0 
. 
ns 


Symbol 
Parameter 
10 MHz 
12 MHz 
Units 
Notes 
-Figure 
Min 
Max 
Min 
Max 


96-27 
- 8042CS 
Delay from XAx 
60 
48 
ns 


98-28 
A 17 -A23 
Delay from SYSCLK i 
150 
125 
ns 
99-28 
A17-A23 
Enable Delay from HLDA 
100 
83 
or -MASTER 
ns 


97-28 
A 17 -A23 
Disable Delay from HLDA 
100 
83 
4 
or -MASTER 
ns 


100-29 
+ ACK Delay from HLDA 
45 
40 
ns 
101-29 
+ ACK Delay from 
- MASTER 
45 
40 
ns 


109-30 
- AEN 1, - AEN2 Delay from SYSCLK i 
130 
115 
ns 


94-27 
CCRR/W 
Delay from XAx 
60 
48 
ns 
102-29 
CCRR/W 
Delay from HLDA or - MASTER 
50 
41 
ns 


108-30,39 
CPU HRQ Delay from SYSCLK i 
80 
70 
ns 


95-26 
- CS287 Delay from XAx 
60 
48 
ns 
103-29 
- CS287 Delay from HLDA or - MASTER 
50 
41 
ns 


113-30 
- DACKO-3, 
- DACK5-7 
Delay 
110 
100 
from SYSCLK i 
ns 


110-30 
- DMAAEN 
Delay from SYSCLK i 
140 
120 
ns 


inter 


Symbol 
Parameter 
10 MHz 
12 MHz 
Units 
Notes 
-Figure 
Min 
Max 
Min 
Max 


132-32 
- DPCK Setup Time to - XMEMR i 
8 
6 
ns 


133-32 
--:DPCK Hold Time from - XMEMR i 
5 
5 
ns 


107-30 
- DRQO-3, 
- DRQ5-7 
Setup Time to SYSCLK i 
0 
0 
ns 
3,7 


HLDA Setup Time to SYSCLK i 
70 
65 
ns 
HLDA Hold Time from SYSCLK i 
0 
0 
ns 


28-7 
-INTR1CS, 
-INTR2CS 
Delay from XAx 
60 
41 
ns 
104-29 
-INTRl 
CS, -INTR2CS 
Delay from HLDA or - MASTER 
60 
41 
ns 


134-33 
-IOCHCK 
Pulse Width 
25 
20 
ns 


IOCHRDY 
Setup Time to SYSCLK i 
25 
25 
ns 
(During Refresh) 
IOCHRDY 
Hold Time from SYSCLK i 
25 
25 
ns 
(During Refresh) 


114-30 
-lOR, 
-lOW 
Active Delay from SYSCLK i 
125 
100 
(During DMA Transfers) 
ns 


115-30 
-lOR, 
-lOW 
Inactive 
Delay from SYSCLK i 
115 
100 
(During DMA Transfers) 
ns 


116-30 
-lOR, 
-lOW 
Float to Inactive 
Delay from SYSCLK i 
120 
100 
(During DMA Transfers) 
ns 


117-30 
-lOR, 
-lOW 
Inactive to Float Delay from SYSCLK i 
170 
156 
4 
(During DMA Transfers) 
ns 


152-37 
-lOW 
Active Pulse Width 
90 
75 
(During CPU Transfers) 
ns 


137-34 
IRQO Delay from Xl 
100 
100 
ns 


NMI Delay from - XMEMR i 
100 
83 
ns 
135-33 
NMI Delay from -IOCHCK 
J.. 
100 
83 
ns 


143-35 
OSC Low Time 
20 
20 
ns 
144-35 
OSC High Time 
20 
20 
ns 
145-35 
OSC Rise/Fall 
Times 
15 
15 
ns 
12 
146-35 
OSC Delay from Xl 
30 
24 
ns 


P2 Delay from SYSCLK i 
100 
83 
ns 


148-36 
- RDXDB Delay from 
-lOR 
100 
83 
ns 
149-36 
- RDXDB Delay from 
-INT 
A 
100 
83 
ns 


REFRDY 
Delay from IOCHRDY 
10 
35 
10 
35 
ns 


157-39 
- REFRESH 
Delay from HLDA 
28 
24 
ns 
158-39 
- REFRESH 
Delay from SYSCLK i 
100 
83 
ns 
+ RESET Active Pulse Width 
200 
160 
ns 


138-34 
SPEAKER 
Delay from Xl 
100 
100 
ns 


91-26 
SYSCLK 
Period 
100 
83 
ns 
92-26 
SYSCLK 
Low Time 
40 
30 
ns 
93-26 
SYSCLK 
High Time 
40 
30 
ns 


Symbol 
Parameter 
10 MHz 
12 MHz 
Units 
Notes 
-Figure 
Min 
Max 
Min 
Max 


124-30 
TC Delay from SYSCLK i 
110 
100 
ns 


140-35 
X1 Low Time 
30 
30 
ns 
141-35 
X1 High Time 
30 
30 
ns 
142-35 
X1 Rise/Fall 
Times 
5 
5 
ns 
12 


150-37 
XAx Input Setup Time to -lOW.! 
100 
83 
ns 
(During CPU Transfers 
to 82231) 
151-37 
XAx Input Hold Time from -lOW i 
45 
40 
ns 
(During CPU Transfers 
to 82231) 
XAx Input Hold Time from -lOR i 
100 
67 
ns 
(During CPU Transfers 
to 82231) 
111-30 
XAx Valid Delay from SYSCLK i 
160 
150 
(During DMA Transfers) 
ns 


159-39 
XAx Valid Delay from SYSCLK i 
90 
75 
(During Refresh) 
ns 


112-30 
XAx Disable Delay from SYSCLK i 
150 
130 
4 
(During DMA Transfers) 
ns 
. 


153-37 
XDx Input Setup Time to -lOW i 
100 
83 
ns 
154-37 
XDx Input Hold Time from 
-lOW i 
17 
15 
ns 
155-38 
XDx Output Delay from 
-lOR 
.! 
125 
100 
ns 
156-38 
XDx Output Hold Time from 
- lOR i 
17 
70 
15 
60 
ns 


125-31 
- XMEMR Active Delay from SYSCLK i 
110 
100 
ns 
126-31 
- XMEMR 
Inactive 
Delay from SYSCLK i 
110 
100 
ns 
127-31 
- XMEMR 
Enable/Disable 
Delay from SYSCLK i 
120 
120 
ns 
4,12 


121-30 
- XMEMW 
Active Delay from SYSCLK i 
110 
100 
ns 
122-30 
- XMEMW 
Inactive 
Delay from SYSCLK i 
110 
100 
ns 
123-30 
- XMEMW 
Enable/Disable 
Delay from SYSCLK i 
120 
120 
ns 
4, 12 


NOTES: 
1. To provide 
clearly 
understood 
information, 
the complex 
timing diagrams 
depict 
operation 
in a standard 
IBM PC AT system 
design. 
Combinational 
logic 
data 
paths 
are shown 
with 
less 
complex 
timing 
diagrams. 
The 
signal 
source 
(82230, 
82231, 
PROCESSOR, 
LOGIC, 
etc.) follows 
the signal 
name. 
2. The direction 
control 
signals 
are delayed 
to PROCCLK J. on an -lOW 
cycle. This is done to avoid changing 
the direction 
of the by1e-swapping 
bus transceivers 
while 
data is still on the bus. 
3. This signal 
is an asynchronous 
input. The timing 
specification 
is provided 
for testing 
purposes 
only to assure 
recognition 
at a specific 
clock 
edge. 
4. The output 
float or high impedance 
condition 
occurs 
when 
output 
current 
is less than 
loz 
in magnitude. 


5. The frequency 
of CCROSC 
sets the count 
rate for the real time clock. 
CCROSC 
frequency, 
accuracy 
and stability, 
should 
be maintained 
as close 
as possible 
to 32.768 
KHz to insure the validity 
of time and data information. 
6. Input rise and fall times 
are assumed 
to be less than 20 ns unless 
otherwise 
specified. 
7. DRQx 
must be held active 
with DACKx 
is returned. 
8. The interrupt 
request 
inputs 
include 
IRQO, IRQ3-7, 
IRQ9-12, 
IRQ14-15 
and + OPT. 
9. Address 
XAO-15 are output 
for by1e DMA operations. 
XAo-16 
are output 
for word 
DMA operations, 
with XAO low. 
10. A minimum 
of 16 PROCCLK 
cycles 
must occur 
before 
POWERGOOD 
becomes 
valid. 
11. At the 
end 
of TC phase 
1 after 
TCW2 
or TCW3 
for 
16-bit 
transfer 
to 8-bit 
source/destination, 
for the 
first 
8 bits of 
transfer. 
12. These 
are not tested. 
They are guaranteed 
by design 
characterization. 
13. At the end of TC phase 
1 for 16 bit back plane 
memory 
transfers 
and 8-bit transfers 
after TCW2 
or TCW3. 
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Vcc-F 


L= 
240fi 


fROIol 
OUTPUT 
TEST 
POINT 


UNDER 
TEST I CL=50pf 


TEST POINT 


fROIol 
OUTPUT 
" 
UNDER 
TEST 


Output 
Load Circuit 


For 82230 pins 


-lOR 
-lOW 
SAD 


82231 pins -lOR 


-lOW 


SYSCLK 
-MEMR 
-MEMW 
The 
following 
list 
represents 
the 
differences 
be- 


tween this and the -003 version 
of the data sheet. 


1. The 82231 
DMA 
I/O 
Read Timing 
diagram 
was 


corrected. 
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ISA BUS- 
The bus used in Industry Standard 
Archi- 
tecture 
compatible 
computers. 
In the context 
of an 
EISA system, 
it refers to the ISA subset of the EISA 
bus. 


EISA BUS- 
Extended 
ISA bus, a superset 
of the 
ISA bus. It includes 
all ISA bus features, 
along with 
extensions 
to enhance 
performance 
and 
capabili- 
ties. 


HOST CPU- 
The main system 
processor, 
located 
on a separate 
Host Bus. This uses the EBC and oth- 
er system 
board 
facilities 
to interface 
to the 
EISA 
bus. 


CPU CYCLE- 
386™ 
CPU and/or 
the 82385 
sub- 
system, 
or 80486 CPU is the master running the cy- 
cle. 


EISA MASTER- 
A 16-bit or 32-bit bus master that 
uses the EISA signal set to generate 
memory or I/O 
cycles. The bus controller 
will convert 
the EISA con- 
trol signals to ISA signals, when necessary. 


ISA MASTER-A 
16-bit 
bus master 
that 
uses 
the 
ISA subset of the EISA bus for generation 
of memo- 
ry or I/O 
cycles. 
This device 
must understand 
8-bit 
or 16-bit ISA slaves, 
and route data to the appropri- 
ate byte lanes. It is not required to handle any of the 
signals 
associated 
with the extended 
portion 
of the 
EISA bus. 


EISA SLAVE- 
An 8-bit, 16-bit or 32-bit memory 
or 
I/O slave device that uses the extended 
signal set of 
the EISA bus to accept 
cycles from various 
masters. 
It returns 
information 
about its type and width using 
extended 
and ISA signals. 


ISA SLAVE- 
A 16-bit or 8-bit slave that 
uses the 
ISA subset 
of the EISA bus to accept 
cycles 
from 
various 
masters. 
It returns 
ISA signals to indicate 
its 
type and width. 


DMA SLAVE- 
An I/O 
device 
that 
uses the DMA 
signals (DREQ, DACK#) 
of the system 
board ISP to 
perform 
a direct 
memory 
access. 


ISACMD- 
The 
ISA 
command 
signals 
(IORC#, 
10WC#, 
MRDC#, 
MWTC#) 


ASSEMBLY IDISASSEMBL Y- 
This 
occurs 
when 
the master/slave 
data bus size are mismatched. 
The 
EBC runs multiple cycles to route bytes to the appro- 
priate 
byte 
lanes 
(byte 
swapping). 
For example, 
if 
the 32-bit CPU is accessing 
an 8-bit slave, the EBC. 


will need to run four 
cycles 
to the 8-bit slave 
and 
route the bytes to appropriate 
byte lanes 


CYCLE TRANSLATION- 
This is performed 
by the 


.EBC when 
the 
master 
and 
slave 
are on different 
busses 
(HostiEISAlISA). 
The EBC will translate 
the 
master 
protocol 
to the slave protocol 
(Host master 
accessing 
EISA slave). 


EISA System Introduction 


Extended 
Industry Standard 
Architecture 
(EISA) is a 
high performance 
32-bit architecture 
based upon the 
Industry 
Standard 
Architecture 
(ISA) (PC AT'). 
The 
wide 
acceptance 
of the 32-bit 
386 
microprocessor 
family has led to this interest 
in extending 
ISA to 32- 
bits. EISA's 
advanced 
capabilities 
arid 32-bit 
archi- 
tecture 
can unleash 
the full potential 
of the 386 and 
i486™ 
CPUs. 


The 
EISA consortium 
has defined 
the 
EISA bus in 
response 
to the demand 
for a 32-bit 
high perform- 
ance 
ISA 
compatible 
system. 
The 
open 
industry 
standard 
allows for industry wide participation, 
com- 
patibility, 
and differentiation. 


EISA 
brings 
advances 
in performance 
and 
conve- 
nience 
to the 
user. 
It provides 
32-bit 
memory 
ad- 
dressing 
and data transfers 
for CPU, DMA and bus 
masters 
allowing 
33 Mbyte/second 
transfer 
rate for 
DMA and bus masters 
on the EISA bus. EISA pro- 
vides a specification 
for auto-configuration 
of add-in 
cards 
that will eliminate 
the need 
for jumpers 
and 


.switches 
on 
EISA 
cards. 
Interrupts 
are 
shareable 
and programmable. 
Figure 
1 and 2 show the types 
of busses 
in an EISA system. 
A new bus-arbitration 
makes 
possible 
a new generation 
of intelligent 
bus 
master 
add-in 
cards 
that 
bring 
advanced 
applica- 
tions to PCs. 


Since the EISA system 
is 100% 
compatible 
with the 
ISA 8-bit and 16-bit expansion 
boards and software, 
ISA cards 
can be plugged 
into the EISA connector 
slots. The EISA slots can be defined 
as ISA or EISA 
for ease 
of compatibility 
during 
configuration. 
The 
EISA connector 
is a superset 
of the ISA connector 
maintaining 
full 
compatibility 
with 
ISA 
expansion 
cards 
and software. 
Simultaneous 
use of EISA and 
ISA add-in boards is available 
with automatic 
system 
and expansion 
board configuration. 


82350 EISA Chip Set Highlights 


The Intel 82350 
EISA chip set is the industry's 
first 
100% 
EISAIISA 
compatible 
chip 
set. 
The 
82350 


386TM and i486TM are trademarks 
of Intel Corporation. 


'PC 
AT is a trademark 
of International 
Business 
Machine 
Corporation. 


inter 


EISA 
chip 
set supports 
the 
33 MHz 
and 
25 MHz 
386 CPU or i486 CPU, 82385 Cache Controller, 
and 
optional 
80387 
numerics 
coprocessor. 
The 
EISA 
chip set includes 
three chips: 


82352 
EISA Bus Buffers 
(EBB) (Optional) 


82357 
Integrated 
System 
Peripheral 
(ISP) 


82358 
EISA Bus Controller 
(EBC) 


Information 
on the 82352 EBB device is located 
in a 
separate 
data sheet. 


The ISP performs 
the DMA functions 
of the system 
and 
is fully 
compatible 
with 
ISA functions. 
It inte- 
grates 
seven 
32-bit 
DMA channels, 
five 
16-bit tim- 
er/ counters, 
two eight channel 
interrupt 
controllers, 
and provides 
for multiple 
NMI control 
and genera- 
tion. 
It 
provides 
refresh 
address 
generation 
and 
keeps 
track 
of pending 
refresh 
requests 
when 
the 
bus is unavailable. 
The ISP supports 
multiple 
EISA 
bus masters 
while offering 
intelligent 
system 
arbiter 
services 
which 
grant the bus on a rotational 
basis. 


·82352 
, 
EBB 


ADDRESS 
BUFFER 


The EBC is the EISA "engine". 
It is an intelligent 
bus 
controller 
that controls 
8, 16 and 32-bit bus masters 
and slaves. 
It provides 
the state 
machine 
interface 
to Host, ISA and EISA busses 
and other 
IC's in the 
chip set. It offers 
a simple 
interface 
to the 386/i486 
CPU and EISA bus. The EBC services 
as a bridge 
between 
the EISA and ISA devices. 
Data bus size 
mismatches 
are handled 
automatically 
by the EBC 
(including 
byte assembly 
and disassembly). 
It also 
guarantees 
cache operation 
on the Host, EISA, and 
ISA busses. 


More 
information 
on EBC and ISP devices 
can be 
found 
in the data sheets 
in this document. 


The 82355 
Bus Master 
Interface 
Chip (BMIC) 
is a 
new device for add-in cards that takes advantage 
of 
the EISA bus master capabilities. 
Information 
on the 
82355 
BMIC is located 
in a separate 
data sheet, 


inter 


·82352 
I 
EBB 
ADDRESS 
BUFFER 
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The individual 
components 
of Intel's 
EISA Chip Set 


come 
in JEDEC 
standard 
Gull Wing 
packages 
(25 
MIL pitch), with "bumpers" 
on the corners 
for ease 
of handling. 
Please refer to the accompanying 
table 
for the package 
associated 
with each device, 
and to 
the individual 
component 
specifications 
for pinouts. 


(Note that the individual 
pinouts 
are numbered 
con- 


sistently 
with the numbering 
scheme 
depicted 
in the 


accompanying 
figures). 


Case Outline 
Drawings 
Plastic Fine Pitch Chip Carrier 
0.84 mm Pitch 


0.31 (0.012)--1 
I-- 


0.20 (0.008) 


0.20 (0.008) 
0.14 (0.005) 


8 DEG. 
o DEG. 


~ 


Symbol 
Description 
Inch 
mm 


Min 
Max 
Min 
Max 


N 
Lead Count 
132 
132 


A 
Package 
Height 
0.160 
0.170 
4.06 
4.32 


A1 
Standoff 
0.020 
0.030 
0.51 
0.76 


D,E 
Terminal 
Dimension 
1.075 
1.085 
27.31 
27.56 


01, E1 
Package 
Body 
0.947 
0.953 
24.05 
24.21 


D2,E2 
Bumper Distance 
1.097 
1.103 
27.86 
28.02 


D3,E3 
Lead Dimension 
0.800 Ref 
20.32 Ref 


L1 
Foot Length 
0.020 
0.030 
0.51 
0.76 


inter 


1.32 
<.B52) r 
1.22 
<.B48) 


! 
1.32 
(.1l52) 


1. 22 (.1l48) 


1l.9B (.1l35) 
MIN. .J 


2.B3 
(.1l811)-l 


1.93 
<.1l7/,) 


•• 


inter 


Package Thermal Specification 


The 82357 
ISP and 82358 
ESC are specified 
for op- 
eration 
when 
the 
case 
temperature 
is within 
the 
range of O·C to 85·C. The case temperature 
may be 
measured 
in any environment, 
to determine 
whether 
the device 
is within 
the specified 
operating 
range. 


The PQFP case temperature 
should be measured 
at 


the center 
of the top surface 
opposite 
the pins, as 


shown 
in the figure below. 


Thermal 
Resistance- 
·C/Watt 


Parameter 
Air Flow Rate (ft/min) 


0 
50 
100 
200 
400 
600 
800 


8 Junction-Case 
7 
7 
7 
7 
7 
7 
7 


8 Case to Ambient 
22 
21 
19.5 
17.5 
14.5 
12 
10 


NOTES: 
1. Table 
2 applies 
to the PQFP device 
plugged 
into a socket 
or soldered 
directly 
into the board. 


2. (JJA = (JJC + (JCA· 


PROCESS 
NAME: 
1.2,... CHMOS 
III P-well 


Icc AT HOT WITH 
NO RESISTIVE 
LOADS: 
150 mA Max at 85·C. 


82357 
INTEGRATED SYSTEM PERIPHERAL (ISP) 


• 
Provides Enhanced DMA Functions 
-ISA/EISA 
DMA Compatible Cycles 
- 
All Transfers are Fly-By Transfers 
- 
32-Bit Addressability 
- 
Seven Independently Programmable 
Channels 
- 
Provides Timing Control for 8-, 16-, 
and 32-Bit DMA Data Transfers 
- 
Provides Timing Control for 
Compatible, Type "A", Type "B", and 
Type "C" (Burst) Cycle Types 
- 
33 Mbytes/sec Maximum Data 
Transfer Rate 
- 
Provides Refresh Address 
Generation 
- 
Supports Data Communication 
Devices and Other Devices That 
Work from a Ring Buffer in Memory 
-Incorporates 
the Functionality of 
Two 82C37A DMA Controllers 
• 
Provides High Performance Arbitration 
- 
For CPU, EISA/ISA Bus Masters, 
DMA Channels, and Refresh 


• 
Incorporates the Functionality of Two 
82C59A Interrupt Controllers 
- 
14 Independently Programmable 
Channels for Level-or-Edge 
Triggered Interrupts 


• 
Five Programmable 16-Bit Counter/ 
Timers 
- 
Generates Refresh Request Signal 
- 
System Timer Interrupt 
- 
Speaker Tone Output 
-Fail-Safe 
Timer 
- 
Periodic CPUSpeed Control 
- 
82C54 Programmable Interval Timer 
Compatible 


• 
Provides Logic for Generation/Control 
of Non-Maskable Interrupts 
- 
Parity Errors for System and 
Expansion Board Memory 
- 
8 IJ-sand 32 IJ-sBus Timeout 
-Immediate 
NMI Interrupt via 
Software Control 
- 
Fail-Safe Timer 


• 
132-PinPQFPPackage, 
(See 
Packaging 
Spec: 
Order 
#231369) 


nWER 1 
COUNTER 0 


TIMER' 
COUNTER 
1 


TtWER 1 
COUNTER 2 


Tllr.lER 2 
COUNTER 
0 


TIMER 2 
COUNTER 2 


DREO 
OACK, 


Il4REO' 
••••••CK' 


REfRESH' 
DIllOA 
CPUWISS, 
DHOlD 
EIrlfSTR161 


EXWASTER# 
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The 82357 is a multi-function 
support 
peripheral 
that 


is designed 
to work 
in conjunction 
with the 82358 


EISA Bus Controller 
to provide 
most of the system 


functions 
necessary 
in EISA specific 
applications. 


The 82357 is comprised 
of several computer 
system 


functions 
that are typically found in separate 
LSI and 


VLSI 
components. 
These 
include: 
a high perform- 


ance seven-channel 
programmable 
DMA Controller; 
an arbitration 
scheme 
that allows efficient 
bus shar- 
ing among multiple 
EISA masters, the host CPU, and 


DMA 
devices; 
a 
16 level 
programmable 
interrupt 


controller 
which 
provides 
level-or-edge 
triggered 
in- 
terrupt 
capability 
on 
a channel-by-channel 
basis; 
non-maskable 
interrupt 
logic for multiple 
NMI control 


and 
generation; 
refresh 
address 
generation 
and 


control; 
and five counter/timers 
which provide a sys- 


tem timer interrupt, 
diskette 
time-out, 
DRAM refresh 


requests, 
and other system 
timing operations. 


The DMA controller 
on the 82357 
provides 
the tim- 
ing control 
signals necessary 
to support 
a DMA data 


transfer 
rate of 33 Mbytes/sec. 
The DMA controller 


includes 
full function 
32-bit addressability 
with con- 
trol signal 
support 
for the transfer 
of data between 


devices 
of different 
data path widths 
using a single 


channel. 
Each 
channel 
functions 
independently 
in 


several 
modes. 


1.0 ISP SYSTEM 
INTERFACE 


IllUSTRATION 


The ISP connects 
to the Host bus, EISA bus, X bus 


and 
EBC (Bus 
Controller). 
These 
connections 
are 


illustrated 
in Figure 1-1. 


The following 
is a brief discussion 
of the functionality 


and features 
of the 82357. 
The DMA Controller, 
Ar- 


biter, 
Interrupt 
controller, 
NMI's, 
and 
Timer/Coun- 


ters each have a corresponding 
detailed 
section 
lat- 


er in this data sheet. 


The 82357 
is either a slave device 
or a master 
de- 
vice. 


In slave 
mode, 
the ISP monitors 
the address 
lines 


and 
decodes 
all bus cycles 
attempting 
to read 
or 


write any of its internal 
registers. 
In slave mode, ei- 


ther 
an EISA master 
or the host CPU can read or 


write to any of the ISP's internal 
registers. 
16-bit ISA 


masters 
can read or write to any of the ISP's 82C37 


PCAT compatible 
registers. 
The registers 
that can- 


not be accessed 
by an ISA master are located 
in the 


I/O space 
of OOH-OFH and OCOH-ODFH. 
The ISP 


will disable 
these 
registers 
upon 
granting 
the 
ISA 


master the bus. In slave mode, the ISP also detects 
and responds 
to interrupt 
acknowledge 
cycles. 


In master 
mode, the 82357 
becomes 
the master 
of 


the bus system. 
It may peform 
either DMA cycles 
or 


refresh 
cycles 
at this time. 


The arbiter 
on the ISP determines 
which 
mode the 


device 
is in. 


The 
DMA circuitry 
incorporates 
the functionality 
of 


two 
82C37 
DMA 
controllers 
with 
seven 
indepen- 


dently 
programmable 
channels, 
(Channels 
0-3 
and 


Channels 
5-7). 
DMA Channel 
4 is used to cascade 


the two controllers 
together 
and will default 
to cas- 


cade 
mode 
in the Mode 
register. 
In addition 
to ac- 


cepting 
requests 
from 
DMA 
slaves, 
the 
DMA 
also 


responds 
to requests 
that are initiated 
by software. 


Software 
may initiate a DMA servicl;l request 
by set- 


ting any DMA channel 
Request 
register 
bit to a 1. 


Any DMA channel 
may be programmed 
for 8-, 16-, 


or 32-bit DMA device 
size and ISA compatible, 
Type 
"A", 
Type "B", 
or burst DMA Type "C" 
modes. The 


82357 
provides 
the timing 
controls 
and the 82358 


EISA Bus Controller 
performs 
the data size transla- 


tions 
necessary 
for 
the 
DMA 
transfer. 
The 
DMA 


memory 
addressing 
circuitry 
supports 
full 32-bit ad- 


dresses 
for DMA devices. 
Each channel 
includes 
a 


16-bit 
ISA compatible 
Current 
register 
which 
holds 


the 16 least-significant 
bits of the 32-bit address, 
a 


Low Page register 
which 
contains 
the eight second 


most significant 
bits, and a High Page register 
which 


contains 
the eight most significant 
bits of the 32-bit 


address. 


The channels 
can also 
be programmed 
for any of 


four transfer 
modes. The transfer 
modes include sin- 


gle, block, 
demand, 
or cascade. 
Each of the three 


active transfer 
modes, 
(single, 
block, 
and demand), 


can perform 
three different 
types of transfers, 
(read, 


write, 
or verify). 
The 
DMA 
Controller 
also 
features 


refresh address 
generation, 
buffer chaining, 
auto-ini- 


tialization, 
and support 
for a Ring Buffer Data Struc- 


ture in memory. 
Stop registers 
are used to help sup- 


port Data Communication 
or devices 
that work from 


a 
Ring 
Buffer 
in memory 
(refer 
to 
Section 
3.7.1 
"USE 
OF STOP REGISTERS"). 


inter 


The DMA controller 
is at any time either 
in master 
mode or slave mode. In master mode, the DMA con- 
troller 
is either 
servicing 
a DMA slave's 
request 
for 
DMA cycles, generating 
refresh cycles, or allowing 
a 
16-bit 
ISA master 
to use the 
bus via a cascaded 
DREQ signal. In slave mode, the 82357 monitors 
the 
bus 
and 
decodes 
and 
responds 
to 
I/O 
read 
and 
write commands 
that address 
its registers. 


When 
the DMA is in master 
mode 
and servicing 
a 
DMA slave, 
it works 
in conjunction 
with the 82358 
EISA bus controller 
to create 
bus cycles on the sys- 
tem bus. The DMA places addresses 
and the memo- 
ry read/write 
(HW/R#) 
signal on the host CPU bus. 
It instructs 
the bus controller 
when to start and what 


type of bus cycle to run with the STO and ST1 lines. 
The bus controller 
informs the DMA when to place a 


new address 
on the bus with the DRDY signal. 


The system 
arbiter 
evaluates 
requests 
for the 
bus 


coming 
from 
several 
sources 
which 
include 
the 


DREQ lines (DMA channels), 
MREQ# 
lines, refresh 


requests 
(Timer 
1 Counter 
1), and 
the 
host 
CPU 


(CPUMISS#). 
The DREQ lines are used by 8-, 16-, 


or 32-bit DMA slave devices to request 
DMA service 


and 
by existing 
16-bit 
ISA masters 
to request 
the 


bus; the MREQ# 
lines are used by new 16- or 32-bit 


SLOWH# 
HW/R# 
HA<31:2> 
CPUt.4ISS# 


OHLOA 
INT 
Nt.41 
RST 
PARITY# 


OHOLD 
AEN# 


ST<3:0> 


RTCALE 


ISP 
OROY 


REAL 
T1t.4E CLOCK 


0<7:0> 
EXt.4ASTER# 


Et.4STR16# 


Ct.4o# 
GT16t.4# 
START# 
GTl t.4# 
8E#<3:0> 


IOCHK# 
OACK# 
t.4ACK# 
IRQ 
REFRESH# 
OREQ 
t.4REQ# 
OSC 
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EISA masters 
for general 
bus request; 
the CPUM- 
ISS# 
line is used by the host CPU when requesting 


bus access; 
and Timer 
1 Counter 
1 specifically 
is 


used to generate 
internal 
requests 
for refresh. 
The 


default 
master 
of the bus is the CPU. It is granted 


the bus if there are no requesters. 


The DMA channels, 
when 
used by 16-bit ISA mas- 


ters for direct 
access 
to the bus, must be placed 
in 


Cascade 
mode. In Cascade 
mode, the DMA control- 


ler 
will 
respond 
to 
DREQ 
with 
DACK# 
and 


EXMASTER16#, 
but HW/R#, 
STO, ST1, A<31:2>, 
and BE <3:0> 
# outputs 
will be disabled. 


The ISP uses a three way rotating 
priority arbitration 


method. At each level, the devices which are consid- 
ered 
equal 
are given 
a rotating 
priority. 
On a fully 


loaded bus, the order in which the devices 
are grant- 


ed bus access 
is independent 
of the order in which 


they 
assert 
a bus request, 
since 
devices 
are serv- 


iced based on their position 
in the rotation. 
The arbi- 


tration 
scheme 
assures 
that 
DMA channels 
access 


the bus with 
minimal 
latency. 
As an example, 
in a 


system 
with 
DMA-2, 
a CPU, and 
two 
masters, 
all 


requesting 
the bus continuously, 
the grant sequence 


would 
be as follows: 


DMA-2 
DMA-2 


CPU 
DMA-2 
Master-1 
Master-2 
and Repeat. 


The priorities 
and the assignments 
are as shown 
in 


Figure 2-1. 


The DREQ lines can be placed 
in either fixed or ro- 


tating priority. 
The default 
mode is fixed and by pro- 


gramming 
the Command 
registers, 
the priority 
can 


be modified 
for rotate 
mode. The MREQ# 
lines are 


placed 
in rotate 
mode and cannot 
be changed. 


An example 
of programming 
the Command 
register 


to rotating 
priority 
is shown 
in Figure 2-2. 


2.3.2 Preemption 
of EISA Masters 
and DMA 
Devices 


An EISA bus master 
or a DMA slave device 
(that is 


not programmed 
for compatible 
timing) 
will be pre- 


empted 
from 
the 
bus 
by another 
device 
that 
re- 


quests 
use of the bus. This will occur 
regardless 
of 


the 
priority 
of the 
pending 
request. 
An 
EISA 
bus 


master must release the bus within 64 BCLKs (8 JLs) 
after the arbiter drives its MACK # line inactive. 
If the 


bus is not released 
within the allowable 
time, a bus 


timeout 
(NMI) is generated 
and the RESDRV 
signal 


is driven 
active 
to reset 
the offending 
bus master. 


For DMA devices 
not using compatible 
timing mode, 


the DMA controller 
stops the DMA transfer 
and re- 


leases the bus within 
32 BCLK (4 JLs) of a preemp- 


tion. 


If the main CPU is currently 
using the bus and anoth- 


er device requests 
use of the bus, the ISP will imme- , 


diately 
drive 
HOLD 
active 
and wait for the CPU or 


CACHE to drive DHLDA 
active. 
The CPU will be al- 


lowed to hold the bus as long as required to finish its 
current 
cycle 
without 
a 8 JLs timeout 
(NMI) 
being 


generated. 
However, 
if the 
slave 
device 
that 
the 


CPU 
is 
addressing 
does 
not 
release 
EXRDY 
or 


CHRDY 
within 
32 /Ls (256 BCLKs), 
a timeout 
(NMI) 


will be generated 
(refer to the following 
paragraph). 


A slave which 
does not release 
EXRDY 
or CHRDY 


can cause the CMD# 
active 
time to exceed 
32 JLs 


(256 
BLCKs). 
To prevent 
the 
system 
from 
locking 


up, 
a 
bus 
timeout 
(NMI) 
will 
be 
generated. 
The 


counting 
of the 256 BLCKs starts at the request 
for 


the bus from 
another 
source. 
This will allow 
Burst 


cycles to run unimpeded 
if there are no pending 
re- 


quests. 


16-bit 
ISA masters 
using the DREQ 
lines and cas- 


caded DMA channels 
cannot 
be preempted 
from the 


bus via the ISP unless CMD# 
active exceeds 
32 JLs 


(256 BLCKs). 


DMASystem 


Refresh 


(3 Way 
Rotation) 
(2 Way 
Rotation) 


Master 0 
Master 1 
Master 2 
Master 3 
Master 4 
Master 5 


(6 
WAY 
ROTATION) 


(4 WAY 
(4 WAY 
ROTATION) 
ROTATION) 


DI.4Ax 
ChO 
Ch5 
ChI 
Ch6 
Ch2 
DI.4A System 
Ch7 
Ch3 


Refresh 
CPU 


Others 
~osters 
1.40ster 0 


(3 
Way 
(2 
w05 
1.40ster 
I 


Rotation) 
1.40ster 
2 
Rotation 
1.40ster 
3 
1.40ster 4 
1.40ster 
5 


(6 
WAY 
ROTATION) 


2.3.3 ARBITRATION 
DURING 
NON-MASKABLE 
INTERRUPTS 


If a non-mask able interrupt 
(NMI) is pending 
at the 
CPU, and the CPU is requesting 
the bus, then the 
external 
bus masters 
and the DMA controller 
will be 
by-passed 
each time they come up for rotation. 
This 
will give the CPU the bus bandwidth 
it requires 
to 
process 
the 
interrupt 
as fast as possible. 
The 
bus 
masters 
will still execute 
if the CPU is' able to exe- 
cute out of a local cache 
and does 
not require 
the 
bus. 


The 
ISP 
arbiter 
maintains 
a 
minimum 
DREQ 
to 
DACK latency on DMA channels 
programmed 
to op- 
erate 
in compatible 
timing 
mode. This is to support 
older devices 
such as the 8272A. This is implement- 
ed as an eight 
BCLK delay for DREQs 
coming 
into 
the 
Priority 
resolution 
logic. The 
DREQs 
are effec- 
tively delayed 
by eight BCLKs prior to being seen by 
the arbiter logic. Software 
requests 
will not have this 
minimum 
request 
to DACK latency. 


The refresh 
system 
uses the combined 
functions 
of 
the 
Interval 
Counter/Timers, 
Arbiter, 
and DMA. 
In- 
terval 
Counter 
1/Timer 
1 generates 
an internal 
re- 


fresh 
request, 
the Arbiter 
detects 
a Refresh 
signal 
from 
either 
the 
Counter/Timer 
or the 
REFRESH# 
input and determines 
when the refresh will be done, 
and the DMA drives the refresh address 
out onto the 
host bus. Counter 
1 Timer 
1 should 
be programmed 
to provide 
a request 
for refresh 
about every 
15 JLs. 


Requests 
for refresh 
cycles 
are generated 
by two 
sources: 
Timer 
1 Counter 
1 and 16-bit ISA masters 
that activate 
REFRESH # when they have bus own- 
ership. 
EISA bus masters 
need 
not supply 
refresh 
cycles 
since the refresh 
controller 
can preempt 
the 
bus master 
and perform 
the necessary 
refresh 
cy- 
cles. 16-bit ISA bus masters that hold the bus longer 
than 15 JLs must supply 
memory 
refresh 
cycles. 


Each time an internal 
refresh request 
is not serviced 
within 
the normal 
15 JLs interval, 
a counter 
is incre- 
mented. 
The counter 
counts 
up to four incomplete 
refresh 
requests. 
When a request 
cycle occurs, 
the 
pending 
refresh 
counter 
is decremented. 
Only one 
refresh cycle will be run and the bus will be released 
to the requester 
with the highest 
priority. 
If more re- 
freshes 
are queued 
up, the bus will immediately 
be 
arbitrated 
for again, 
without 
waiting 
for the 
normal 
15 JLs interval. 
If a refresh 
request 
is sensed 
while 
four refresh 
requests 
are pending, 
the incoming 
re- 
fresh request 
will be dropped. 
The bus is requested 
whenever 
one 
or more 
pending 
refreshes 
are 
re- 


corded. 


inter 


The DMA controller 
drives 
the refresh 
address 
out 
onto the LA < 15:2 > address 
bus (14 bits of refresh 
address) 
and also enables 
the BE < 3:0 > # lines so 
that they can be translated 
to SA < 1:0> 
lines. The 
High 
and 
Low 
Page 
register 
contents 
will also 
be 
placed 
on the LA<31:16> 
bus during 
refresh. 
The 
refresh 
cycle 
lasts 
from 
the 
leading 
edge 
of 
START# 
through 
the 
rising 
edge 
of CMD# 
(two 
BCLKs) unless wait states are added by the memory 
slave 
negating 
EXRDY 
(EISA 
slaves) 
or 
CHRDY 
(ISA slaves). The 82358 bus controller, 
upon seeing 
REFRESH #, knows to run refresh 
cycles instead 
of 
DMA cycles. 


The refresh address 
bit order on the LA < 15:2> 
and 
SA < 15:0> 
bus is as follows: 


13 12 11 10 
9 
8 
1 07 
65 
43 
2 1 o Refresh 
Counter 
Bits 


15 14 13 12 11 10 98 
76 
54 
32 
1 0 LA< 
>, 
SA< 
> 


Addresses 


The 
14-bit 
refresh 
counter 
will be reset 
to 0 upon 
RST. The 
Page 
register 
is located 
at I/O 
address 
08FH and can be either read or written. 
The refresh 
High Page register 
is located 
at I/O address 
048FH 
and can also be either read or written. 
When writing 
to the Low Page register, 
the upper Page register 
is 
not cleared 
to zero. 


Timer 1 Counter 
0 


IROl 


IR08# 
IR09 
IR010 
IR011 
IR012 
IR013 and Chaining 
IR014 
IR015 


The 
82357 
provides 
an 
ISA 
compatible 
interrupt 


controller 
which incorporates 
the functionality 
of two 
82C59 
interrupt 
controllers. 
The two controllers 
are 


cascaded 
so that 14 external 
and two internal 
inter- 


rupts 
are possible. 
The 
master 
interrupt 
controller 
provides 
IRQ <7:0> 
and the slave interrupt 
control- 


ler provides 
IRQ 
< 15:8 # > 
(see 
Figure 
2-3). The 


two internal 
interrupts 
are used for internal 
functions 


only and are not available 
externally. 
IRQ2 is used to 
cascade 
the two 
controllers 
together 
and 
IRQO is 
used as a system timer interrupt 
and is tied to inter- 


val Timer 
1, Counter 
O. The remaining 
14 interrupt 


lines (IRQ1, IRQ3-IRQ15) 
are available 
for external 


system 
interrupts. 
IRQ13 
is also 
shared 
internally 


with the chaining 
interrupt 
as well as being available 


for external 
use. 


In addition 
to the ISA features, 
the ability to do inter- 


rupt sharing 
is included. 
A register 
is defined 
(ELCR) 


which 
allows 
an edge and level sense 
selection 
to 
be made on an individual 
channel 
by channel 
basis 


instead of on a complete 
bank of channels. 
Only the 


interrupt 
channels 
that connect 
to the EISA/ISA 
bus 


may be programmed 
for level sensitive 
mode. 
IRQ 
(0, 1, 2, 8 #, 13) must be programmed 
for edge sen- 


sitive operation. 
IRQ8# 
is active low edge sensitive 


only. 


~ 0 
~ 1 
2 
3 
~ 
82C59 
4 
CORE 
(INTR) 
. 
5 
6 
7 


~ 0# 
. 
~ 1 
~ 2 
~ 3 
82C59 
I (INTR) 
~ 4 
CORE 
~ 5 
~ 6 
~ 7 
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An NMI is an interrupt 
requiring 
immediate 
attention 
and 
has 
priority 
over 
the 
normal 
interrupt 
lines 
(IRQX). 
The 
82357 
indicates 
error 
conditions 
by 
generating 
a non-maskable 
interrupt. 
An NMI can be 
caused 
by either 
a hardware 
or software 
mecha- 
nism. 


NMI 
interrupts 
are caused 
by the following 
condi- 
tions: 


1. Parity errors 
on the mother 
board 
memory. 
The 
system 
board 
reports 
any 
parity 
errors 
from 
its 
memory 
system 
on the PARITY # line. 


2. Parity errors on the add-in memory 
boards on the 
ISA expansion 
bus. 10CHK# 
is driven 
low when 
this error occurs. 


3. Timeout 
of the fail-safe 
timer 
Counter 
0 on the 
interval 
Timer 2 used to prevent 
the system 
from 
locking 
up. This NMI is sensed 
with a rising edge 
detect 
latch. 


4. Timeout 
of an 8 ,...s32-bit "bus" 
master timeout. 
If 
a 32-bit 
bus master 
retains 
the bus more than 8 
,...s after 
MACK # 
goes 
inactive, 
the 
82357 
will 
drive the NMI and RESDRV 
signals active togeth- 
er. The RESDRV 
signal will remain active until the 
NMI has been reset. 


5. Timeout 
of the 32 ,...sCMD# 
active timer. 


6. Software 
writing 
to 
the 
NMI 
I/O 
interrupt 
port 
(0462H). 
This is a special 
port which, 
when writ- 


ten, causes 
an immediate 
NMI interrupt, 
provided 
port 070h is enabled. 


The NMI logic incorporates 
four different 
8-bit regis- 
ters. These 
registers 
are addressed 
as Port(061 h), 
Port(070h), 
Port(0461 h), 
and 
Port(0462h). 
The 
status 
of Ports (0461 h) and (061h) 
are read by the 
CPU to determine 
which 
source 
caused 
the 
NMI. 


Bits set to 1 in these 
ports 
show 
which 
device 
re- 
quested 
an NMI 
interrupt. 
After 
the 
NMI 
interrupt 
routine 
processes 
the interrupt, 
the NMI status 
bits 
are cleared 
by the 
software. 
This 
is done 
by set- 
ting 
the 
corresponding 
enable/disable 
bit 
high. 
Port(070h) 
is the 
mask 
register 
for the 
NMI 
inter- 
rupts. 
This 
register 
can 
mask 
the 
NMI 
signal 
and 
also 
disable 
or enable 
all NMI sources. 
Writing 
to 
Port(0462h) 
with any data will cause 
an immediate 
NMI interrupt 
if enabled. 


If it is desired 
to reset the system 
bus without 
reset- 
ting other 
devices 
in the system 
(standard 
system 
board 
devices 
are 
not 
reset), 
the 
Port(0461 h) Bit 
<0> 
can be written 
with a (1). This bit should 
be 
held in this state for the desired 
RSTDRV active time 
and then returned 
to its normal 
state (0). 


If a 32-bit 
bus master 
tries to hold the bus beyond 
the 8 ,...s limit, or if CMD# 
is active 
for more than 
32 ,...S, the ISP will drive the NMI and RSTDRV 
sig- 
nals active together. 
The RSTDRV 
signal will remain 
active 
until the NMI has been reset by resetting 
bit 


<3> 
to 0 in I/O Port 0461h. 


NMI Source 
Enable/Disable 
and Status 
Port Bits 


NOTE: 
An 
NMI will 
not 
be generated 
in the 
case 
of the 
CPU 
holding 
onto 
the 
bus 
longer 
than 
the 
8 ,...S 
timeout. 


NMI Source 
10 Port Bit 
10 Port 
Bit 
for Status 
Reads 
for Enable/Disable 


PARITY# 
Port 061 h, Bit 7 
Port 061 h, Bit 2 


Fail Safe Timer 
Port 0461 h, Bit 7 
Port 0461 h, Bit 2 


10CHK# 
Port 061 h, Bit 6 
Port 061 h, Bit 3 


Bus Timeout 
Port 0461 h, bit 6 
Port 0461 h, Bit 3 


Write to Port 0462h 
Port 0461 h, Bit 5 
Port 0461 h, Bit 1 


To ensure 
that 
all NMI requests 
are serviced, 
the 
NMI service 
routine 
software 
needs to incorporate 
a 
few very specific 
requirements. 
These 
requirements 
are due to the edge detect 
circuitry 
of the host mi- 
croprocessor, 
80386 
or 80486. 
The 
software 
flow 
would 
need to be the following: 


1. NMI 
is detected 
by the 
processor 
on the 
rising 
edge of the NMI input. 


2. The processor 
will read the status stored in Ports 
061 h, 
and 
0461 h 
to 
determine 
what 
sources 
caused 
the 
NMI. The 
processor 
may then 
reset 
the register 
bits controlling 
the sources 
that it has 
determined 
to be active. 
Between 
the 
time 
the 
processor 
reads 
the 
NMI 
sources 
and 
resets 
them, 
an NMI may have 
been generated 
by an- 
other 
source. 
The 
level of the 
NMI will then 
re- 
main active. This new NMI source will not be rec- 
ognized 
by the processor 
because 
there 
was no 
edge on NMI. 


3. The processor 
must then disable all NMI's by writ- 
ing Bit <7> 
of Port 070h high and then enable all 
NMI's 
by writing 
Bit <7> 
of Port 070h low. This 
will cause 
the 
NMI output 
to transition 
low then 
high if there 
are any pending 
NMI sources. 
The 
CPU's 
NMI 
input 
logic 
will 
then 
register 
a new 
NMI. 


The 
82357 
contains 
five 
counter/timers 
that 
are 
equivalent 
to those found in the 82C54 programma- 
ble interval 
timer. The counter 
timers are addressed 
as though they are contained 
in two separate 
82C54 
timers. Timer 
1 contains 
three counters 
and Timer 2 
contains 
two counters. 
Counter 
1 of Timer 
2 is not 
implemented 
in EISA systems. 
Each timer provides 
three 
frequencies 
or counters 
for the 
system. 
The 
8 MHz counters 
use BCLK for a clock 
source; 
the 
others 
use a division 
of the 14.31818 
MHz OSC in- 
put. The 14.31818 
MHz OSC input is either 
divided 
by 12 or 48 to provide 
the necessary 
frequencies. 


The outputs of the timers are directed 
to key system 
functions. 
Interval 
Timer 
1, Counter 
0 is connected 
to the interrupt 
controller 
IROO and provides 
a sys- 
tem timer 
interrupt 
for a time-of-day, 
diskette 
time- 
out, 
or 
other 
system 
timing 
functions. 
Counter 
1 
generates 
a refresh-request 
signal 
and 
Counter 
2 
generates 
the tone for the speaker. 


Interval 
Timer 2, Counter 
0 is the fail-safe 
timer that 
can generate 
NMI interrupts 
on the NMlline 
at regu- 
lar intervals 
as a means 
of preventing 
the system 
from 
locking 
up. 
Counter 
1 is 
not 
implemented. 


Counter 
2 is used to slow down the CPU by means 
of 
pulse-width 
modulation 
and 
is 
tied 
to 
the 
SLOWH# 
output. 
To 
use 
the 
slow 
function, 
the 
counter 
must be programmed. 
If the counter 
is not 
programmed, 
SLOWH # will not go active. Counter 
2 
is placed 
in the one-shot 
mode 
and is triggered 
by 
the 
refresh 
request 
signal 
generated 
by Timer 
1/ 
Counter 
1 
only. 
If 
the 
counter 
has 
been 
pro- 
grammed, 
the Counter 
2 output (SLOWH #) will stop 
the CPU for the programmed 
period of the one-shot 
every time a refresh 
request 
occurs. 
To enable 
the 
one-shot, 
select 
Mode 
1 (one-shot) 
operation 
by 
writing to I/O address 
4Bh a value of 92h. 


NOTE: 
Refresh 
cycles 
will 
not 
necessarily 
be 
generated 
during 
the time the 
SLOWH # 
signal 
is active, 
the 
Arbiter 
will determine 
when the refresh 
cycle will be 
placed 
on the bus. 


Because 
the 
slow 
function 
depends 
upon 
the 
re- 
fresh-request 
frequency 
of another 
counter, 
chaining 
the refresh-request 
frequency 
will affect 
the period 
of 
Counter 
2 output 
(SLOWH#) 
signal. 
Timer 
2 
Counter 
2 is not configured 
for the one-shot 
mode 
and is not programmed 
for a counter 
value 
until a 
speed 
reduction 
in the system 
is required. 
At such 
time, the value programmed 
depends 
on the system 
speed desired. 
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Interval 
Timer Functions 


Interval 
Timer 
1 
Interval Timer 2 


Counter 
0 
Counter 
0 
Function 
System Timer 
Fail-Safe 
Timer 


Gate 
Always On 
Always On 


Clock In 
1.193 MHz (OSC/12) 
0.298 MHz (OSC/48) 


Out 
INT-1IRQO 
NMI Interrupt 


Counter 
1 
Refresh 
Request 


Gate 
Always On 


Clock In 
1.193 MHz (OSC/12) 


Out 
Refresh 
Request 


Counter 
2 
Counter 
2 


Gate 
Programmable 
Refresh 
Request 
Port 61 h 


Clock In 
1.193 MHz (OSC/12) 
8 MHz (BCLK) 


Out 
Speaker 
CPU Speed Control 
(SLOWH#) 


2.8 
Register Access 


To the 
system, 
the 
ISP appears 
as an 8-bit 
EISA 
slave. The following 
signals 
are used to access 
the 


ISP's internal 
registers: 


0<7:0>, 
HA<15:2> 
and 
BE<2:0> 
#, 
HW/R#, 
ST<2:0>, 
CMD#, 
START # , DRDY, and CSOUT# 


The number 
of BCLKs required 
to complete 
an ISP 
access 
depends 
on the 
master 
accessing 
the 
ISP 
and the register 
being accessed. 
Non-ISA 
masters 
will always 
see a default 
8-bit I/O cycle 
(6 BCLKs). 


An ISA master will either see an 8-bit I/O cycle with- 
out wait states 
(3 BCLKs) 
or an 8-bit I/O cycle with 
wait states 
(6 BCLKs) depending 
on the register 
be- 
ing accessed. 


Because 
the ISP does not have a designated 
output 
signal 
to instruct 
the master 
of the ISP's bus size, 
the 82358 
bus controller 
will do all necessary 
bus 
conversions 
and use the 8-bit ISA timing 
to access 
the 
ISP registers. 
In order 
to lengthen 
bus cycles 
begun 
by ISA masters 
for slower 
ISP registers, 
the 
DRDY signal 
is used to activate 
the EBC's 
CHRDY 
signal. 
The 
EBC 
will 
combinatorially 
connect 
the 
DRDY signal to CHRDY if an 8-bit 110 is the target of 
an 
ISA 
master's 
cycle. 
This 
will 
ensure 
that 
the 
CMD# 
pulse width will be at least five BCLKs 
long 
for the slower 
registers. 


The ISP DMA supports 
four transfer 
modes: 
Single, 
Block, 
Demand. 
and Cascade. 


NOTE: 
Memory 
to Memory 
Transfers 
are not supported 
by 
the ISP. 


In Single Transfer 
mode the device 
is programmed 
to make one transfer 
only. The word 
count 
will be 
decremented 
and the 
address 
decremented 
or in- 
cremented 
following 
each transfer. 
When 
the word 
count 
"rolls 
over" 
from zero to FFFFFFH, 
or an ex- 
ternal 
End of Process 
(EOP) is encountered. 
a Ter- 
minal 
Count 
(TC) will cause 
an Autoinitialize 
if the 
channel 
has been programmed 
to do so. If Chaining 
is enabled 
the 
next chain 
buffer 
will be enabled 
if 
available. 


DREQ 
must be held active 
until DACK# 
becomes 
active 
in order 
to be recognized. 
If DREQ 
is held 
active throughout 
the single transfer, 
the bus will be 
released 
to the CPU after a single transfer. 
The bus 
will be immediately 
requested 
again, and, upon win- 
ning 
the 
bus, 
another 
single 
transfer 
will 
be 
per- 


formed. 
This allows 
other devices 
a chance 
to exe- 
cute if they require the bus. 
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In Block 
Transfer 
mode 
the device 
is activated 
by 
DREQ to continue 
making transfers 
during the serv- 
ice 
until 
a 
TC, 
caused 
by 
word 
count 
going 
to 
FFFFFFH, 
or 
an 
external 
EOP, 
is 
encountered. 
DREQ 
need 
only 
be 
held 
active 
until 
DACK 
be- 
comes 
active. 
An Autoinitialization 
will occur 
at the 
end 
of the 
service 
if the 
channel 
has 
been 
pro- 
grammed 
for it. In this mode, it is possible 
to lock out 
other devices 
for a period of time (including 
refresh) 
if the transfer 
count 
is programmed 
to a large num- 
ber. 


In 
Demand 
Transfer 
mode 
the 
device 
is 
pro- 
grammed 
to continue 
making 
transfers 
until a TC is 
encountered 
or an external 
EOP is encountered, 
or 
until DREQ goes 
inactive. 
Thus transfers 
may con- 
tinue until the I/O device 
has exhausted 
its data ca- 
pacity. 
After 
the 
I/O 
device 
has had a chance 
to 
catch 
up, 
the 
DMA 
service 
is 
reestablished 
by 
means of a DREQ. During the time between 
services 
when the system 
is allowed 
to operate, 
the interme- 
diate values of address 
and word count are stored in 
the 
DMA 
controller 
Current 
Address 
and 
Current 
Word Count registers. 
A TC can cause an Autoinitial- 
ize at the end of the service 
if the channel 
has been 
programmed 
for it. 


This mode is used to cascade 
more than one DMA 
controller 
together 
for 
simple 
system 
expansion. 
This allows 
the DMA requests 
of the additional 
de- 
vice 
to propagate 
through 
the 
priority 
network 
cir- 
cuitry of the preceding 
device. 
The priority 
chain 
is 
preserved 
and the new device 
must wait for its turn 
to acknowledge 
requests. 
In this architecture, 
Chan- 
nel 0 of the second 
controller 
(ch4) is used to cas- 
cade the first controller 
to provide 
a total 
of seven 
channels. 


Cascade 
mode is also used to allow direct access of 
the system 
by 16-bit ISA bus masters. 
These devic- 
es use the DREQ and DACK signals to arbitrate 
for 
the system 
bus and then they drive the address 
and 
command 
lines to control 
the bus. 


In Cascade 
Mode, 
the DMA controller 
will respond 
to 
DREQ 
with 
DACK# 
but the 
HW/R#, 
address, 
and STO-ST3 
outputs 
will be disabled. 


Channel 
4 is used to connect 
the second 
half of the 
DMA system, 
this 
channel 
is not available 
for any 
other pL;rpose. 


Each of the three active transfer 
modes can perform 
three 
different 
types 
of transfers. 
These 
are Read, 
Write and Verify. 


Write 
transfers 
move 
data 
from 
an I/O 
device 
to 
memory 
starting 
with 
the 
DMA 
activating 
HW /R # 
and the ST <3:0 > lines, the Bus Controller 
will then 
activate 
10RC# 
and 
the 
appropriate 
EISA 
or ISA 
control 
signals to indicate 
a memory write depending 
on which 
bus the memory 
is determined 
to be. 


Read transfers 
move 
data from 
memory 
to an I/O 
device 
starting 
with the DMA deactivating 
HW /R # 
and activating 
the ST <3:0 > lines, the Bus Control- 
ler will 
then 
activate 
10WC# 
and 
the 
appropriate 
EISA or ISA control 
signals 
to indicate 
a memory 
read, depending 
on which 
bus the memory 
is deter- 
mined to be. 


Verify transfers 
are pseudo transfers. 
The DMA con- 


troller operates 
as in Read or Write transfers 
gener- 
ating 
addresses, 
and producing 
TC, etc. 
However, 


no ST <3:0 > signals are activated 
so the Bus Con- 


troller does not activate 
the memory 
and I/O control 
lines. Only the DACK lines will go active. 
Since 
no 
EISA cycles 
are broad casted 
in this mode, 
the 
LA 
bus is not copied 
to the SA bus. Internally 
the DMA 
controller 
will count 
BCLKs 
so that the DACK 
lines 
have a defined 
pulse width. This pulse width is nine 
BCLKs 
long. 
If Verify transfers 
are repeated 
during 
Block 
or Demand 
DMA 
requests, 
each 
additional 
pseudo 
transfer 
will 
add 
eight 
BCLKs. 
The 
DACK 
lines will not be toggled 
for repeated 
transfers. 


By programming 
a bit in the Mode register, 
a chan- 
nel may be set up as an Autoinitialize 
channel. 
Dur- 
ing Autoinitialize 
initialization, 
the original 
values 
of 
the Current page, Current address 
and Current Word 
Count 
registers 
are automatically 
restored 
from the 
Base 
Page, Address, 
and Word 
count 
registers 
of 
that 
channel 
following 
TC. The 
Base 
registers 
are 
loaded 
simultaneously 
with the Current 
registers 
by 
the microprocessor 
and remain unchanged 
through- 
out the DMA service. 
The mask bit is not set when 
the channel 
is in Autoinitialize. 
Following 
Autoinitial- 
ize the 
channel 
is ready 
to perform 
another 
DMA 
service, without 
CPU intervention, 
as soon as a valid 
DREQ is detected. 


For priority 
resolution 
the OMA consists 
of two logi- 
cal 
channel 
groups-channels 
0-3 
and 
channels 


4 - 7. Each group 
may be in either 
Fixed or Rotate 


mode, as determined 
by the Command 
register. 


High priority 
Low priority 


(0, 1, 2, 3) 5, 6, 7 


Channel 
0 has the highest 
priority, then 1, 2, 3, 5, 6, 
and channel 
7 has the lowest 
priority. 


Rotation 
allows 
for "fairness" 
in priority 
resolution. 
The 
priority 
chain 
rotates 
so that 
the 
last channel 
serviced 
is assigned 
the lowest 
priority 
in the chan- 
nel group (0-3, 
5-7). 


Channels 
0-3 
rotate 
as a group 
4, and are always 


placed 
between 
Channel 
5 and Channel 
7 in the pri- 


ority list. 


Channels 
5- 7 rotate 
as a group 
of 4-this 
is, the 


three channels 
(5-7) 
plus the channel 
0-3 
group. 


Initial setting - 


Group 0-3 is in rotation mode, 
Group 4-7 is in fixed mode: 


After servicing channel 2 - 
After servicing channel 3 - 
(3, 0, 1, 2) 5, 6, 7 


(0, 1, 2, 3) 5, 6, 7 


Both groups in rotation mode: 


Initial setting - 


After servicing channel 0 - 
After servicing channel 5 - 
After servicing channel 6 - 
After servicing channel 7 - 


(0, 1, 2, 3) 5, 6, 7 


5,6,7, (1, 2, 3, 0) 
6,7, (1, 2, 3, 0), 5 


7, (1, 2, 3, 0), 5, 6 
(1,2,3,0),5,6,7 


(Notice that the first service caused double rotation) 


Figure 3-1 


The buffer 
chaining 
mode of a channel 
is useful for 


transferring 
data from a peripheral 
to several 
differ- 


ent areas 
of memory 
within 
one transfer 
operation 


(from the OMA device's 
viewpoint). 
This is accom- 


plished 
by causing 
the 
OMA to interrupt 
the 
host 


CPU for more programming 
information 
(or signal an 


EISA master via TC, if an EISA master 
needs to pro- 


gram 
the 
OMA) 
while 
the 
previously 
programmed 


transfer 
is still in progress. 
Upon completion 
of the 


previous 
transfer, 
the OMA controller 
will then load 


the 
new 
transfer 
information 
automatically. 
In this 


way, the entire 
transfer 
can be completed 
without 


interrupting 
the operation 
of the OMA device. 
This 


mode 
is most 
useful 
for 
OMA 
single-cycle 
or de- 


mand modes where the transfer 
process 
allows time 


for the CPU to execute 
the interrupt 
routine. 


The buffer 
chaining 
mode of a channel 
may be en- 


tered 
by programming 
the address 
and count 
of a 


transfer 
as usual. After the initial address 
and count 


is programmed, 
the Base registers 
are selected 
via 


the "Set 
Chaining 
Mode" 
register 
"Chaining 
mode 


Enabled" 
bit. The address 
and count for the second 


transfer 
and both the "Chaining 
mode Enabled" 
and 


the 
"program 
complete" 
bits 
of the 
Set 
Chaining 


Mode 
register 
should 
be programmed 
at this point, 


before 
starting 
the OMA process. 
When, 
during the 


OMA 
process, 
the 
Current 
Buffer 
is expired, 
the 


Base 
address, 
page, 
and 
Count 
registers 
will 
be 


transferred 
to the Current 
registers 
and a signal that 


the buffer 
has been expired 
is sent to the program- 


ming master. 


This signal will be an IRQ13 if the master is the Host 
CPU, or a TC if the programming 
master 
is an EISA 


device. The type of programming 
master is indicated 


in the OMA's Set Chaining 
Mode 
Register, 
Bit 4. If 


the 
Host 
CPU 
is the 
programming 
master 
for the 


Channel, 
TC will 
be generated 
only 
if the 
Current 


buffer 
expires 
and there 
is no Next Buffer 
stored 
in 


the Base registers. 


Upon 
the 
expiration 
of a Current 
Buffer, 
the 
new 


Base register 
contents 
should 
be programmed 
and 


both 
the 
"Chaining 
mode 
Enabled" 
and 
"program 


complete" 
bits of the "Set 
Chaining 
Mode" 
register 


should 
be set. This resets 
the interrupt, 
if the Host 


CPU was the 
programming 
master, 
and allows 
for 


the next Base register 
to Current 
register 
transfer. 
If 


the "program 
complete" 
bit is not set before the cur- 


rent transfer 
reaches 
TC, then 
the 
OMA controller 


will set the 
Mask 
Bit and the TC bit in the 
Status 


register 
and stop transferring 
data. In this case, an 


over-run 
is likely to occur. To determine 
if this is the 


case, 
a read from 
the Status 
register 
or the Mask 


register 
can be done 
(the Mask 
register 
has been 


made readable). 
If the channel 
is masked or has reg- 


istered 
a TC, the OMA channel 
has been 
stopped 


and the full address, 
count, and chaining 
mode must 


be programmed 
to return to normal 
operation. 


Set Chaining Mode 
to Disable Chaining 
! 


Program the 1st Buffer 
Address and Byte Count 
! 


Program the Enable Chaining Bit 
to allow Bose register 
programming 


.I 


'.1. 


Program the next Buffer 
in the Bose registers 
! 


Set the Chaining 
program complete bit 
along with enable Chaining 
Check Status or Mask .registers 


On IRQ13 or TC I 


Note that if the Host CPU is the programming 
mas- 
ter, an interrupt 
will only be generated 
if a Current 
Buffer expires 
and chaining 
mode is enabled, 
it will 
not occur 
during initial programming. 
The "Channel 
Interrupt 
Status" 
register 
will indicate 
pending 
inter- 
rupts 
only. 
That 
is, it will 
indicate 
an empty 
Base 
register 
with 
"Chaining 
Mode" 
enabled. 
When 
Chaining 
mode 
is enabled, 
only the Base registers 
are written 
by the processor, 
and only the Current 
registers 
can be read. The Current registers 
are only 
updated 
on a TC. 


Compatible 
timing 
is provided 
for DMA slave devic- 
es, which, 
due 
to 
some 
design 
limitation, 
cannot 
support 
one of the faster timings. 
Compatible 
timing 
runs at 1125 ns/single 
cycle and 1000 ns/cycle 
dur- 
ing the repeated 
portion 
of a BLOCK 
or DEMAND 
mode transfer. 


Type "A" 
timing 
is provided 
to allow shorter 
cycles 
when used with EISA memory. 
If 8/16-bit 
ISA mem- 
ory is decoded, 
the system 
automatically 
reverts 
to 
ISA DMA type compatible 
timing on a cycle-by-cycle 
basis. Type 
"A" 
timing 
runs at 875 ns/single 
cycle 
and 750 ns/cycle 
during 
the repeated 
portion 
of a 
BLOCK or DEMAND 
mode transfer. 
Type "A" 
timing 
varies from compatible 
timing primarily 
in shortening 
the 
memory 
operation 
to the 
minimum 
allowed 
by 
EISA 
memory. 
The 
I/O 
portion 
of the 
cycle 
(data 
setup or write, I/O read access time) is the same as 
with compatible 
cycles. 
The actual active command 
time is shorter, 
but it is expected 
that the DMA de- 
vices 
which 
provide 
the data 
access 
time 
or write 
data setup time should not require excess 
10AC# 
or 
10WC# 
command 
active 
time. 
Because 
of 
this, 
most 
ISA DMA devices 
should 
be able to use type 
"A" 
timing. 


Type "B" 
timing is provided 
for 8/16-bit 
ISA or EISA 
DMA I/O 
devices 
which 
can accept 
faster 
I/O tim- 
ing. Type "B" 
only works with EISA memory. 
If 8/16- 
bit ISA memory 
is decoded, 
the system automatical- 
ly reverts 
to ISA DMA type compatible 
timing 
on a 
cycle 
by cycle 
basis. 
Type 
"B" 
timing 
runs at 750 
ns/single 
cycle and 500 ns/cycle 
during the repeat- 
ed portion 
of a BLOCK 
or DEMAND 
mode transfer. 


Type "B" 
timing 
requires 
faster 
DMA slave devices 
than compatible 
timing 
in that the cycles 
are short- 
ened so that the data setup time on I/O write cycles 


is shortened 
and 
the 
I/O 
read 
access 
time 
is re- 
quired to be faster. Some of the current 
ISA devices 
should be able to support 
type "B" 
timing, but these 
will probably 
be more recent designs 
using relatively 
fast technology. 


Burst 
timing 
is provided 
for 
newly 
designed 
EISA 
DMA devices. 
The DMA slave device needs to moni- 
tor the 
EXADY 
and 
10AC# 
or 10WC# 
signals 
to 
determine 
when 
to change 
the data 
(on writes) 
or 
sample the data (on reads). This timing will allow up 
to 33 Mbytes 
per second 
transfer 
rate with a 32-bit 
DMA device and 32-bit memory. Note 
that 8- or 16- 
bit DMA 
devices 
are 
supported 
(through 
the 
pro- 
grammable 
DMA address 
increment) 
and that they 
use the "byte 
lanes" 
natural to their size for the data 
transfer. 
As with all bursts, the system 
will revert to 
two 
BCLK 
cycles 
if the 
memory 
does 
not support 
burst. When a DMA burst cycle accesses 
non-burst 
memory and the DMA cycle crosses 
a page bounda- 
ry into burstable 
memory, 
the EBC will continue 
per- 
forming 
non-burst 
cycles. This will not cause a prob- 
lem since the data is transferred 
correctly. 


'DMA 
Channel 
4 is used to cascade 
the two 
DMA 
controllers 
together 
and should 
not be programmed 
for any mode other than cascade. 
The Mode register 
will 
default 
to 
cascade 
mode. 
Special 
attention 
should 
also be taken 
when 
programming 
the Com- 
mand 
and 
Mask 
registers 
as related 
to channel 
4 
(refer to the Command 
and Mask 
register 
descrip- 
tions, Sections 
3.7.7 and 3.7.11). 


3.7.1. STOP 
REGISTERS 
(RING 
BUFFER 
DATA STRUCTURE) 


To 
support 
a common 
data 
communication 
data 
structure 
(the ring buffer), 
a set of new DMA regis- 
ters have been provided. 
These 
registers 
are called 
Stop registers. 
Each channel 
has 22-bits 
of register 
location 
associated 
with it. The 22-bits 
is distributed 
between 
three different 
registers 
(one 6-bit and two 
8-bit). The Stop registers 
can be enabled 
or disabled 
by writing 
to the channel's 
corresponding 
Extended 
Mode register. 


The ring buffer 
data structure 
reserves 
a fixed 
por- 
tion 
of memory, 
on doubleword 
boundaries, 
to be 
used 
for 
a DMA 
channel. 
Consecutively 
received 
frames 
or other 
data structures 
are stored 
sequen- 
tially within the boundaries 
of the ring buffer 
memo- 
ry. 


inter 


The beginning 
and end of the ring buffer area is de- 


fined in the Base Address 
register 
and the Base Ad- 


dress register + the Base Byte/Transfer 
Count. The 


incoming 
frames 
(data) are deposited 
in sequential 


locations 
of the ring buffer. When the DMA reaches 


the end of the ring buffer, 
indicating 
the byte count 
has expired, 
the DMA controller 
(if so programmed) 
will Autoinitialize. 
Upon autoinitialization, 
the Current 


Address 
register 
will be restored 
from the Base Ad- 
dress register, taking the process 
back to the start of 


the ring buffer. 
The 
DMA will then 
be available 
to 


begin depositing 
the incoming 
bytes in the ring buff- 


ers 
sequential 
locations-providing 
that 
the 
host 


CPU has read the data that was previously 
placed in 


those 
locations. 
The DMA determines 
that the CPU 


has 
read 
certain 
data 
by the 
value 
that 
the 
CPU 


writes into the Stop register. 


Once 
the data of a frame 
is read by the CPU, the 


memory 
location 
it occupies 
becomes 
available 
for 


other 
incoming 
frames. 
The Stop 
register 
prevents 


the 
DMA 
from 
over 
writing 
data 
that 
has 
not 
yet 


been 
read by the CPU. After 
the CPU has read 
a 


frame from memory 
it will update the Stop register to 


point to the location 
that was last read. The DMA will 


not deposit 
data into any location 
beyond that point- 


ed to by the Stop 
register. 
The last address 
trans- 


ferred 
before 
the channel 
is masked 
is the first ad- 


dress 
that 
matches 
the 
Stop 
register. 
(See 
Table 


3-1). 
The 
Stop 
registers 
store 
values 
to compare 


against A <23:2 > only, so the size of the ring buffer 
is limited to 16 Mbytes. 


Since I/O writes should match the I/O slave size, 8- 
bit writes 
should 
be used to program 
the ISP regis- 


ters. When 
writing 
to the DMA 
registers, 
the 
DMA 


channels 
should 
be masked. 


The Bus Controller 
provides 
I/O 
recovery 
for back- 


to-back 
CPU to 8-bit 
I/O 
cycles. 
For EISA master 


accesses, 
I/O 
recovery 
of at least 
one BCLK 
must 


be provided 
by software. 


If the stop register 
= 00001Ch, 
the last three transfers 
will be: 


Table 3·1 


By Bytes 
ByWords 
By Dwords 


Increment 
XXOOOO1Ah 
XXOOOO18h 
XXOOOO14h 


XXOOOO1Bh 
XXOOOO1Ah 
XXOOOO18h 


XXOOOO1Ch 
XXOOOO1Ch 
XXOOOO1Ch 


Decrement 
XXOOOO21h 
XXOOOO23h 
XXOOOO27h 


XXOOOO20h 
XXOOOO21h 
XXOOOO23h 


XXOOOO1Fh 
XXOOOO1Fh 
XXOOOO1Fh 


• 


inter 


frames Read by CPU 


~emory Space fs 
Available for New 


Frames 


frames Not Read by CPU 


~emory Space Is Not 
Available for New 
Fromes 


Current 
Reception 


Frome 


Unused Area 


Avallale for 
Incomfng Dota 


3.7.2 DMA MEMORY 
LOW PAGE REGISTER 


(READ/WRITE} 


Each channel 
has an 8-bit Low Page register associ- 


ated with 
it. The 
DMA 
memory 
Low Page 
register 


contains 
the eight second 
most-significant 
bits of the 


32-bit address 
(16-23). 
It works 
in conjunction 
with 


the DMA controller's 
High Page register and Current 


Address 
register 
to define 
the complete 
(32-bit) 
ad- 


dress for the DMA channels 
and corresponds 
to the 


"Current 
Address" 
register for each channel. 
This 8- 


bit register 
is read or written 
directly 
by the proces- 


sor or bus master. 
It may also be re-initialized 
by an 


Autoinitialize 
back to its original 
value. Autoinitialize 


takes 
place only after a TC or EOP. 


Bose Address register 
+ 
Bose Byte Count 


3.7.3 DMA MEMORY 
HIGH PAGE REGISTER 


(READ/WRITE) 


Each channel 
has an 8-bit High Page register. 
The 


DMA memory 
High Page register 
contains 
the eight 


most-significant 
bits of the 32-bit address 
(24-31). 
It 


works 
in conjunction 
with the DMA controller's 
Low 


Page register and Current Address 
register 
to define 


the complete 
(32-bit) address 
for the DMA channels 


and corresponds 
to the "Current 
Address" 
register 


for each channel. 
This 8-bit register is read or written 


directly 
by the processor 
or bus master. 
It may also 


be re-initialized 
by an Autoinitialize 
back to its origi- 


nal value. Autoinitialize 
takes 
place 
only after 
a TC 


or EOP. 


This register 
is reset to OOh during the programming 
of both the 
low page 
register 
and the Current 
Ad- 
dress 
register. 
Thus, 
if 
this 
register 
is 
not 
pro- 
grammed 
after the other address and Low Page reg- 
isters are programmed, 
then Its value Will be zero. In 
this case, the DMA channel 
will operate 
the same as 
an 82C37 
(from 
an addressing 
standpoint). 
This 
is 
the address 
compatibility 
mode. 


If the 
high 8-bits 
of the 
address 
are programmed 
after 
the 
other 
addresses, 
then 
the 
channel 
will 
modify its operation 
to increment 
(or decrement) 
the 
entire 
32-bit 
address. 
This 
is 
unlike 
the 
82C37 
"Page" 
register 
in the original 
PCs which could only 
increment 
to a 64K boundary 
(for 8-bit channels) 
or 
128K (for 16-bit channels). 
This is extended 
address 
mode. 
In this mode, the EISA bus controller 
should 
generate 
the signals 
MRDC# 
and MWTC# 
only for 
addresses 
below 
16 Mbytes. 


3.7.3.1 
Address 
Compatibility 
Mode 


Whenever 
the DMA is operating 
in Address 
Compat- 
ibility mode, the addresses 
do not increment 
or dec- 
rement 
through 
the HIGH and LOW Page registers, 
and the high page register is set to OOh.This is com- 
patible with the 82C37 and Page registe~ implemen- 
tation 
used 
in the PC AT*. ThiS mode 
IS set when 
any of the lower three 
address 
bytes of a channel 
are programmed. 
If the 
upper 
byte of a channel's 
address 
is programmed 
last, the channel 
Will go Into 
Extended 
Address 
Mode. In this mode the high byte 
may be any value and the address 
will increment 
or 
decrement 
through 
the entire 32-bits. 


After 
RST all channels 
will be set to Compatibility 
Mode. 
The 
Master 
Clear 
command 
will also 
reset 
the 
proper 
channels 
to 
Compatibility 
Mode. 
The 
mode bits are stored 
in individual 
flip-flops 
on a per- 
channel 
basis. 


3.7.4 CURRENT 
ADDRESS 
REGISTER 
(READ/WRITE) 


Each channel 
has a 16-bit Current 
Address 
register. 


This register 
holds the value of the 16 least signifi- 
cant bits (0-15) 
of the full 32-bit address 
used dur- 
ing DMA transfers. 
The address 
is automatically 
in- 
cremented 
or decremented 
after each transfer 
and 
the intermediate 
values of the address 
are stored 
in 
the Current Address 
register during the transfer. 
This 
register 
is written 
to or read from by the microproc- 
essor or bus master in successive 
8-bit bytes. It may 
also be re-initialized 
by an Autoinitialize 
back 
to its 
original 
value. Autoinitialize 
takes place only after a 
TC or EOP. 


3.7.4.1 
Address 
Shifting 
when 
Programmed 
for 
16-bit 
I/O Count 
by Words 


To maintain 
compatibility 
with the implementation 
of 
the DMA in the PC AT which 
used the 82C37, 
the 
DMA 
will 
shift 
the 
addresses 
when 
the 
Extended 
Mode 
register 
is programmed 
for, or defaulted 
to, 


.transfers 
to/from 
a 16-bit 
device 
count 
by words. 
The address 
shifting is shown in Table 3-2. Note that 
the least 
significant 
bit of the Low Page resister 
is 
dropped 
in 16-bit shifted 
mode. 


16-Bit 
I/O 
32-Bit 
I/O 
16-Bit 
I/O 
8-Bit I/O 
Programmed 
Programmed 
Output 
Programmed 
Address 
Programmed 
Address 
Address 
Address 
(Shifted) 
Address 
(No Shift) 


AO 
AO 
"0" 
AO 
AO 
A<16:1 
> 
A<16:1 
> 
A<15:0> 
A<16:1 
> 
A< 16:1 > 


A<31:17> 
A<31:17> 
A<31:17> 
A<31:17> 
A<31:17> 


3.7.5 CURRENT 
WORD 
REGISTER 
(READ/WRITE) 


Each channel 
has a 24-bit Current 
Word Count reg- 
ister. This register 
determines 
the number 
of trans- 
fers to be performed. 
The actual number of transfers 
will be one 
more 
than 
the number 
programmed 
in 
the Current Word Count register 
(i.e., programming 
a 
count 
of 100 will result 
in 101 transfers). 
The word 
count 
is decremented 
after each transfer. 
The inter- 
mediate 
value 
of the 
word 
count 
is stored 
in the 
register 
during 
the transfer. 
When 
the value 
in the 
register 
goes from zero to OFFFFFFH, 
a TC will be 
generated. 


Following 
the end of a DMA service 
it may also be 
re-initialized 
by an Autoinitialization 
back to its origi- 
nal value. 
Autoinitialize 
can occur 
only when 
a TC 
occurs. 
If it is not Autoinitialized, 
this 
register 
will 
have a count 
of FFFFFFH 
after TC. 


To maintain 
compatibility 
with the 82C37, 
program- 
ming either 
the low byte, bits <7:0 >, or the middle 
byte, 
bits < 15:8> , 
will 
clear 
the 
high 
byte 
bits <23: 16 >. 
This 
provides 
compatibility 
with 
the 
previous 
software 
that 
does 
not know 
of the exis- 
tence 
of the upper byte of the word count. 


When 
the 
Extended 
Mode 
register 
is programmed 
for, or defaulted 
to, transfers 
to/from 
an 8-bit 
liD, 
the Word count will indicate 
the number 
of bytes to 
be transferred. 


When 
the 
Extended 
Mode 
register 
is programmed 
for, or defaulted 
to, transfers 
tolfrom 
a 16-bit liD, 
with shifted address, 
the Word count will indicate the 
number 
of 16-bit words to be transferred. 


When 
the 
Extended 
Mode 
register 
is programmed 
for transfers 
to/from 
a 16- or 32-bit 
110, the Word 
Count will indicate 
the number 
of bytes to be trans- 
ferred. 
The number 
of bytes does not need to be a 
multiple 
of two or four in this case. 


3.7.6 BASE PAGE, BASE ADDRESS 
AND BASE 
WORD 
COUNT 
REGISTERS 
(WRITE 
ONLY) 


Each channel 
has a set of Base Page, Base Address 
and 
Base 
Word 
Count 
registers. 
These 
registers 
store 
the original 
value 
of their 
associated 
Current 
registers. 
During Autoinitialize 
these values are used 
to restore 
the Current 
registers 
to their original 
val- 
ues. The Base 
registers 
are written 
simultaneously 
with 
their 
corresponding 
Current 
register 
in 8-bit 
bytes in the Program 
Condition 
by the microproces- 
sor. These 
registers 
cannot 
be read 
by the micro- 
processor. 


During Chaining 
Mode, these registers 
will store the 
information 
about the next buffer in the Chain, if pro- 
grammed. 


This 8-bit register controls 
the operation 
of the DMA. 
It is programmed 
by the microprocessor 
in the Pro- 
gram Condition 
and is cleared 
by Reset or a Master 
Clear instruction. 
Figure 3-4 lists the function 
of the 
command 
bits. 


Channels 0-3 port address-oSh 
Channels 4-7 port address-oDOh 


Reserved (must 
be 0) 


o Channels 
0-3 
(4-7) 
enable 
1 Channels 
0-3 
(4-7) 
disable 


Reserved (must 
be 0) 


o Fixed Priority 
1 Rotating Priority 


Reserved 
(must 
be 0) 


o DREO<3:0>(7:5) 
sense active high 
1 DREO<3:0>(7:5) 
sense octl.•.• low 
o OACK<3:0>I 
(7:5) 
active 
low 
1 OACK<3:0># (7:5) 
active 
high 


NOTE: 
Disabling 
channels 
4-7 
will also disable 
channels 
0-3, 
as channels 
0-3 
are logically 
cascaded 
into channel 
4. 


Each channel 
has a 6-bit Mode 
register 
associated 
with it. When 
the register 
is being written, 
bits 0 and 1 


determine 
which channel 
is to be selected. 
This register 
is reset upon RST and Master Clear. Its reset value is 
Verify transfer, 
Autoinitialize 
disable, Address 
increment, 
Demand 
mode. Channel 
4 defaults 
to cascade 
mode. 
(See Figure 3-5.) 


Channels 0-3 port address-oBh 
Channels 4-7 port address-006h 


g~g~~~~:: 
~~;~::~~: 
:~g~~~~:: 
~~~~ 
::::~: 


00 V.rify tronsf.r 
01 Write tronsf.r 
10 Read transfer 
11 
Illegal 
XXlfblts6ond7=11 


00 Demond mode select 
01 Single mod. 
select 
10 Block mod. 
select 
11 Cascade mode select 


NOTE: 
Channel 
4 will default 
to cascade 
mode and cannot 
be programmed 
for any mode other 
than cascade 
mode. 


Each channel 
has a 16-bit Extended 
Mode register associated 
with it. The register is used to program the DMA 
device data size and timing mode. When the register 
is being written, 
bits 0 and 1 determine 
which channel 
is 
to be selected. 


The default 
programmed 
values 
for channels 
0-3 
are, a-bit 
I/O 
Count 
by Bytes, 
Compatible 
timing, 
EOP 
output 
and Stop registers 
disabled. 
The default 
values for channels 
4-7 
are, 16-bit I/O Count by Words with 
shifted 
address, 
Compatible 
timing, EOP output and Stop register disabled. 
The default 
is selected 
upon reset 
with RST, it is not selected 
by Master Clear, or any other programming 
sequence. 
(See Figure 3-6.) 


Channels 0-3 port address-040Bh 
Channels 4-7 port address-0406h 


00 Chonnel 0 14) select 
01 Chonnel 
1 
5) s.lect 
~~g~~~~:: 
~~~::::~: 


00 8-blt 
I/O. count 
by bytes 
01 16-blt 
I/O, 
count 
by words 
(address 
Is shifted) 


10 32-blt 
I/O, count 
by bytes 


11 16-blt 
I/O. count 
by bytes 


00 CompatIble 
TIming 


01 Type "A" timing 
10 Type "9" 
timing 


11 Burst 
TIming 


o EOP Is on output for this chonnel 
1 EOP Is on Input for thIs chonnel 


o Stop Register 
Disabled 


1 Stop Register 
Enabled 


Figure 3-6. Extended Mode Registers (Write Only) 


1-205 


inter 


3.7.9.1 
8·Bit 
110, "Count 
By Bytes" 
Mode 


In 8-bit 
I/O, 
"count 
by bytes" 
mode, 
the 
address 
counter 
can 
be programmed 
to any address. 
The 
count 
register 
is programmed 
with 
the 
number 
of 
bytes minus 1 to transfer. 
In this mode, byte assem- 
bly/disassembly 
is not available 
(or necessary) 
so 
the timing used when 8- or 16-bit memory 
is sensed 
is compatible 
with the original 
ISA products. 


3.7.9.2 
16-Bit 
I/O, 
"Count 
By Words" 
(Address 
Shifted) 
Mode 


In "count 
by words" 
mode (address 
shifted), 
the ad- 
dress counter 
can be programmed 
to any even ad- 
dress, 
but must 
be programmed 
with 
the 
address 
value shifted 
right by one bit. The Page registers 
are 
not shifted, 
this results 
in the least significant 
bit of 
the Low Page register 
being ignored. 
In this mode, 
burst timing 
and byte assembly/disassembly 
is not 
available 
so the timing used when 8- or 16-bit mem- 
ory 
is sensed 
is compatible 
with 
the 
original 
ISA 
products. 
The Count register is programmed 
with the 
number 
of words 
minus 1 to be transferred. 


3.7.9.3 
16-Bit 
110, "Count 
By Bytes" 
Mode 


In 16-bit "count 
by bytes" 
mode, the address 
coun- 
ter can 
be programmed 
to any byte 
address. 
For 
most 
DMA 
devices, 
however, 
it 
should 
be 
pro- 
grammed 
only to even addresses. 
If the address 
is 
programmed 
to an odd address, 
the DMA controller 
will do a partial word transfer 
during the first and last 
transfer 
if necessary. 
The bus controller 
logic will do 
the byte/word 
assembly 
necessary 
to read or write 
any size memory 
device and both the DMA and bus 
controllers 
support 
burst for this mode. In this mode, 
the Address 
register 
is incremented 
or decremented 
by two 
and the 
byte count 
is decremented 
by the 
number 
of bytes transferred 
during each bus cycle. 
The Count register 
is programmed 
with the number 
of bytes 
- 1 to be transferred. 


3.7.9.4 
32-Blt 
I/O, 
"Count 
By Bytes" 
Mode 


In 32-bit 
I/O 
"count 
by bytes" 
mode, 
the address 
counter 
can 
be programmed 
to any byte 
address. 
For most 
DMA devices, 
however, 
it should 
be pro- 
grammed 
only to addresses 
evenly divisible 
by four. 


If the address 
is programmed 
to a value that is not 
divisible 
by four, then the DMA controller 
will do par- 
tial transfers 
for the first and last transfers 
if neces- 
sary. The bus controller 
logic will do the byte/word 
assembly 
necessary 
to read or write any size memo- 
ry device and both the DMA and bus controllers 
sup- 
port burst for this mode. 
In this mode, the Address 
register 
is incremented 
or decremented 
by four and 
the 
byte 
count 
is decremented 
by the 
number 
of 
bytes transferred 
during each bus cycle. The Count 
register is programmed 
with the number of bytes mi- 
nus 1 to be transferred. 


3.7.9.5 
EOP Input/Output 
Selection 


Bit 6 of the Extended 
Mode register 
selects 
whether 
the EOP signal is to be used as an input or an output 
during DMA transfers. 
The EOP I/O selection 
is pro- 


grammable 
on a channel 
by channel 
basis. EOP will 
generally 
be used as an output, 
as was available 
on 
the PCAT. The input function 
was added to support 
Data Communication 
and other 
devices 
that would 
like to trigger 
an autoinitialize 
when 
a collision 
or 
some 
other 
event 
occurs. 
The 
direction 
of EOP is 
switched 
when 
DACK # is changed. 
There 
may be 
some 
overlap 
of 
the 
ISP driving 
the 
EOP 
signal 
along with the DMA slave, however, 
during this over- 
lap both devices 
will be driving 
the signal 
to a low 
level (inactive). 


3.7.9.6 
Stop 
Register 
Selection 


Bit 7 of this register 
selects 
whether 
the Stop regis- 
ters associated 
with this channel 
are to be used or 
not. Normally 
the Stop 
Registers 
will not be used. 
This function 
was also added 
to help support 
Data 
Communication 
or other 
devices 
that 
work 
from 
a 
Ring Buffer in memory 
(refer to Section 
3.7.1). 


3.7.9.7 
Summary 
of the DMA Transfer 
Sizes 


Table 
3-3 
lists 
each 
of 
the 
DMA 
device 
transfer 
sizes. The column 
labeled 
"Word 
Count register" 
in- 
dicates 
that the register 
contents 
represents 
either 
the 
number 
of bytes 
to transfer 
or the 
number 
of 
16-bit words 
to transfer. 
The column 
labeled 
"Cur- 
rent Address 
Register 
Increment/Decrement" 
indi- 
cates 
the number 
added 
to or taken 
from 
the Cur- 
rent Address 
register 
after each DMA transfer 
cycle. 
The 
Mode 
Register 
determines 
if the 
Current 
Ad- 
dress register 
will be incremented 
or decremented. 


DMA Device 
Data Size 
Word 
Count 
Current 
Address 
and Word 
Count 
Register 
Increment/Decrement 


8-Bit I/O, Count by Bytes 
Bytes 
1 
16-Bit I/O, Count by Words 
Words 
1 
(Address 
Shifted) 
16-Bit I/O, Count by Bytes 
Bytes 
2 
32-Bit I/O, Count by Bytes 
Bytes 
4 


Each channel 
has a Request 
bit associated 
with it in one of the two 4-bit Request 
registers. 
The Request 
register 
is used by software 
to initiate a DMA request. 
The DMA responds 
to the software 
request 
as though 
DREQ<x> 
is active. 
These 
requests 
are non-maskable 
and subject 
to prioritization 
by the Priority 
Encoder 
network 
(refer to Section 
3.4). Each register 
bit is set or reset separately 
under software 
control 
or is cleared 
upon generation 
of a TC. The entire register is cleared 
upon RST, it is not cleared 
upon a RSTDRV 
output. To 
set or reset a bit, the software 
loads the proper form of the data word. When the register is being written, 
bits 0 
and 1 determine 
which channel 
is to be selected. 
In order to make a software 
request, 
the channel 
must be in 
Block 
Mode. (See Figure 3-7.) 


Channels 0-3 port address-Q9h 
Channels 
4-7 
port address-Q02h 


00 Channel 0 
select 
01 Channell 
(5) select 
10 Channel 2 (6) select 
11 Channel :5 (7) select 


Each channel 
has associated 
with it a mask bit which can be set to disable the incoming 
DREQ. Each mask bit 
is automatically 
set when 
the Current 
Word 
Count 
register 
reaches 
terminal 
count 
(unless 
the channel 
is 
programmed 
for autoinitialization 
or chaining 
mode). 
Each bit of the two, 4-bit registers 
may also be set or 
cleared 
under software 
control. 
The entire register 
is also set by a RESET and Master Clear. This disables 
all 
DMA requests 
until a clear Mask register 
instruction 
allows them to occur. The instruction 
to separately 
set or 
clear the mask bits is similar in form to that used with the Request 
register. 
(See Figure 3-8.) 


NOTE: 
If the channel 
4 mask bit is set, the channels 
logically 
cascaded 
into it are also masked. 


Channels 0-3 port address-QAh 
Channels 
4-7 
port address-Q04h 


00 Channel 0 (4) select 
01 Channell 
(5) select 
10 Channel 2 (6) select 
11 Channel :5 (7) select 


inter 


Channels 0-3 port address-oFh 
Channels 4-7 port address-oOEh 


o Clear Channel 0 (4) mask bit 
1 Set Channel 0 (4) mask bit 


o Clear Channell 
(5) mask bit 
1 Set Channel 1 (5) mask bit 


o Clear Channel 2 (6) mask bit 
1 Set Channel 2 (6) mask bit 


o Clear Channel 3 (7) mask bit 
1 Clear Channel 3 (7) mask bit 


Reserved (must be 0) 


The Status 
register 
contains 
information 
about the status of the devices 
that may be read by the CPU. This 
information 
includes 
which 
channels 
have reached 
a terminal 
count 
and which 
channels 
have pending 
DMA 
requests. 
Bits 0-3 
are set every time a TC is reached 
by that channel. 
These bits are cleared 
upon Reset and 
on each 
Status 
Read. 
Bits 4-7 
are set whenever 
their corresponding 
channel 
is requesting 
service. 
(See 
Figure 3-10.) 


Channels 0-3 port address-oSh 
Channels 4-7 port address-GOOh 


1 Channel 0 (4) has reached TC 


1 Channel 1 (5) has reached TC 


1 Channel 2 (6) has reached TC 


1 Channel 3 (7) has reached TC 


1 Channel 0 (4) request 


1 Channell 
(5) request 


1 Channel 2 (6) request 


1 Channel 3 (7) request 


NOTE: 
EISA mas1ers that access 
DMA registers 
are not allowed 
to read the status 
registers. 
Only the Host CPU may read the 
status 
registers. 
This is required 
because 
1he TC bits are cleared 
upon reading 
of these 
regis1ers. 


Each channel 
has a Chaining 
Mode register 
associated 
with it. The Chaining 
Mode register 
is used to enable 
or disable 
DMA buffer 
chaining 
and to indicate 
when the DMA Base registers 
are being programmed. 
When 
the register 
is being written, 
bits 0 and 1 determine 
which channel 
is to be selected. 
The chaining 
status and 
interrupt 
status for all channels 
can be determined 
by reading the Set Chaining 
Mode Status, Channel 
Interrupt 
Status, 
and Chain Buffer Expiration 
Control 
registers. 
The Chaining 
Mode register 
is reset to zero upon RST, 
access 
(read or write) of a channel's 
Mode register 
or Extended 
Mode register, 
or a Master Clear. The values 
upon reset are disable 
chaining 
mode and generate 
IRQ13. (See Figure 3-11.) 


Channels 0-3 port address-040Ah 
Channels 4-7 port address-Q4D4h 


00 Channel a 
select 
01 Channel 1 (5) select 
10 Channel 2 (6) select 
11 Channel 3 (7) select 


a Disable chaining mode 
1 Enable chaining mode 


1 Programming complete 
a Don't start chaining 


The Enable Chaining mode bit is used to control 
the chaining 
mode logic. If the bit is programmed 
to a 1 after 
the initial DMA address 
and count are programmed, 
then the Base address 
and Count registers 
will become 
available 
for programming 
the next chain buffer. 


After 
the 
Base 
registers 
are 
programmed 
(as 
indicated 
above), 
the 
Enable Chaining mode and 
the 
Programming Complete bits are set to begin a DMA chaining 
sequence. 
The DMA channel 
is then ready to 
begin transferring 
data (assuming 
the mask bit is cleared). 


When 
a chaining 
mode interrupt 
or TC (for EISA programming 
masters) 
occurs, 
the next Address 
and Count 
registers 
should 
be programmed 
and the Programming Complete bit should 
be set to set up for the next 
transfer. 
When the Programming 
Complete 
bit is set, the Enable Chaining 
Mode bit and the Generate 
IRQ bit 
both need to be written 
to the correct 
state. 
Upon this programming 
the interrupt 
request 
for that channel 
is 
reset, if it was active. 


Bit 4 of the Set Chaining 
Mode register 
is used to determine 
the response 
to the expiration 
of a DMA buffer. 


Normally 
the Host CPU needs 
to be informed 
to program 
the next set of Base registers. 
In this case 
bit 4 
should 
be set to a zero to generate 
an IRQ13. 
If an EISA bus master 
is using the DMA to assist 
in data 
transfer, 
then bit 4 can be set to a 1 to generate 
an EOP(TC) instead of an IRQ13. The EISA master can then 
use the EOP(TC) 
in the same way that the CPU uses an interrupt. 
In this mode the EOP signal will only be 
driven active while the Channel 
that caused 
it is running 
as determined 
by the DACK lines. 


inter 


This register 
is read only and is used to determine 
if Chaining 
mode 
for a particular 
channel 
is enabled 
or 


disabled. 
A "1" 
read in this register indicates 
that the channel's 
chaining 
mode is enabled. 
A "0" 
indicates 
that 
the chaining 
mode 
is disabled. 
All Chaining 
mode 
bits are disabled 
after a reset. 
After 
the DMA is used in 
Chaining 
mode the CPU will need to clear the Chaining 
mode enable 
bit if non-Chaining 
mode is desired. 
This 
bit is programmed 
in bit 2 of the Set Chaining 
Mode register. 
(See Figure 3-12.) 


Channel 2 Chaining mode enabled 


Channel 3 Chaining mode enabled 


Channel 5 Chaining mode enabled 


Channel 6 Chaining mode enabled 


Channel 
Interrupt 
Status is a read only register and is used to indicate 
the source (channel) 
of a DMA chaining 
interrupt 
on IRQ13. The DMA controller 
drives IRQ13 active after reaching 
terminal 
count, with chaining 
mode 
enabled. 
It does not drive IRQ13 active during the initial programming 
sequence 
that loads the Base registers. 


(See Figure 3-13.) 


1 Channel 0 has Interrupt 


1 Channel 1 has Interrupt 


1 Channel 2 has Interrupt 


1 Channel 3 has Interrupt 


1 Channel 5 has Interrupt 


1 Channel 6 has Interrupt 


inter 


This register 
is read only and reflects the outcome 
of the expiration 
of a chain buffer. If a channel 
bit is set to a 
0, IRQ13 will be activated, 
otherwise 
a TC will be issued. This bit is programmed 
in bit 4 of the Set Chaining 
Mode register. 
(See Figure 3-14.) 


These 
are additional 
special 
software 
commands 
which 
can be executed 
in the Program 
Condition. 
They do 
not depend 
on any specific 
bit pattern 
on the data bus. The three 
software 
commands 
are: (1) Clear Byte 
Pointer 
Flip-Flop 
(2) Master 
Clear and (3) Clear Mask Register. 


This command 
is executed 
prior to writing or reading new address 
or word count information 
to the OMA. This 
initializes 
the flip-flop 
to a known state so that subsequent 
accesses 
to register 
contents 
by the microproces- 


sor will address 
upper and lower bytes in the correct 
sequence. 


When the Host CPU is reading or writing OMA registers, 
two Byte Pointer Flip-Flops 
are used; one for channels 
0-3 
and one for channels 
4-7. 
Both of these act independently. 
There are separate 
software 
commands 
for 


clearing 
each of them (OCh for Channels 
0-3, 
008h 
for Channels 
4-7). 


An additional 
Byte Pointer Flip-Flop 
has been added for use when EISA masters 
are reading and writing 
OMA 
registers. 
(The arbiter state will be used to determine 
the current 
master of the bus.) This Flip-Flop 
is cleared 
when an EISA Master 
performs 
a write to either OCh or 008h, 
there 
is only one for all eight OMA channels. 


This new Byte Pointer was added to eliminate 
the problem 
of the Host CPU's byte pointer getting out of sync if 


an EISA Master takes the bus during the Host CPU's OMA programming. 


info ~r 
Jl"~1;7 
~~~llnlM1n~&lmW 
M..I~ 
n",,,,,,. III'" vurrUllana, 
;:)lams. 
Hequesl, 
nels, 
enabling 
them 
to accept"tiMA 
requests. 
I/O 
and 
Internal 
First/Last 
Flip-Flop 
registers 
are 
port 
OEh is used 
for 
Channels 
0-3 and 
I/O 
port 
cleared 
and the Mask register 
is set. The DMA con- 
ODCh is used for Channels 4-7. 
troller will enter the idle cycle. 


There 
are 
two 
independent 
Master 
Clear 
Com- 
mands. ODh which acts on channels 0-3, and ODAh 
which 
acts on channels 4-7. 
Table 3-4 summarizes 
the events that will happen as 
a result 
of a terminal 
count 
or external 
EOP when 
running 
DMA cycles 
in various 
modes. 


Event 
Word Counter 
Expired 
Yes 
X 
Yes 
X 
Yes 
X 
X 
X 
Stop Reg. Limit Reached 
X 
X 
X 
X 
X 
X 
Yes 
Yes 
EOP Input 
X 
Asserted 
X 
Asserted 
X 
Asserted 
X 
X 


Conditions 
AUTOINIT 
No 
No 
Yes 
Yes 
No 
No 
X 
X 
Chain and Base Loaded 
No 
No 
X 
X 
Yes 
Yes 
X 
X 


Result 
Status TC 
set 
set 
set 
set 
- 
- 
- 
- 
Mask 
set 
set 
- 
- 
- 
- 
set 
set 
SW Request 
clr 
clr 
clr 
clr 
- 
- 
- 
- 
Current 
Reg. 
- 
- 
load 
load 
load 
load 
- 
- 


A bus timeout 
will cause an NMI to the CPU and will 


activate 
RSTDRV. 


NOTE: 


A bus timeout 
will 
not 
occur 
during 
the 
time 
the 


system 
CPU has control 
of the bus. 


An 8 p.s bus timeout 
is determined 
by counting 
64 


BCLKs, beginning 
with the rising edge of BCLK after 


a MACK# 
is negated. 
After 
the 64 BCLKs 
(on the 


rising edge of BCLK), MREQ# 
and ST3 (CIP#) 
are 


sampled. 
If MREQ # is still active, a bus timeout 
will 


occur. 
Note 
that 
MREQ# 
can be inactive 
and the 


bus is still owned 
by the master until ST3 (bus cycle 


in progress) 
goes inactive. 
The Arbiter 
will wait until 


ST3 
(bus 
cycle 
in progress) 
goes 
inactive 
before 


granting 
the bus to another 
requester. 


Figure 
4-1 illustrates 
the longest 
that 
MREQ# 
can 


be held 
active 
without 
causing 
a Bus Time 
out. 
It 


also 
shows 
when 
the 
last 
bus master 
cycle 
must 


begin with a START # pulse, which 
in turn will acti- 
vate ST3 (CIP#). 


To prevent 
the case of a slave from 
locking 
up the 


system when it does not release 
EXRDY or CHRDY, 


a bus timeout 
will occur 
if CMD# 
is active for more 


than 256 BCLKs. The counting 
of the 256 BCLKs will 


be conditioned 
on a request 
for the bus from anoth- 


er source. 
This will allow 
Burst Cycles 
to run unim- 


peded 
if there 
are no pending 
requests. 
(Although 


there should 
be a request 
at least every 15 p's from 


Refresh). 
The 32 p.s bus timeout 
is independent 
of 


the type of master on the bus. 


~2 4~sUm~onDMATmn~e~ 


If the ISP DMA is the master of the bus and another 
request for the bus is received 
by the Arbiter and the 


DMA is not doing compatible 
timing transfers, 
a 4 p.s 


timer will be started. 
Upon the expiration 
of the 4 p.s 


timer, the DACK will be inactivated 
after the current 


DMA cycle has completed. 
The bus will then be arbi- 


trated for and granted 
to the highest priority request- 


er. 


The 
4 p.s timer 
is not 
used 
in compatible 
timing 


mode, it is also not used for 16-bit ISA masters 
cas- 


caded through 
the DMA DREQ lines. 


If the DMA channel 
that was preempted 
by the 4 p.s 


timer 
was operating 
in Block 
mode, 
an internal 
bit 


will be set so that the channel 
will be arbitrated 
for 


again, independent 
of the state of DREQ. This bit is 


reset on RSTDRV. 


BCLK Cycles 
after 
MACK# 
is driven 
inactive 
I 
0 
I 
1 
I 
63 
I 
6<4 
I 


8CLK~~~~ 


inter 


An NMI service 
routine 
may read this latch to deter- 


mine which 
Bus Master 
controlled 
the Bus when 
a 


Bus preempt 
Timeout 
occurred. 
In order to simplify testing 
of EISA bus master oper- 
ations, 
a 
CPU 
readable 
status 
latch 
is 
included 


which 
contains 
information 
about 
which 
EISA 
bus· 


master 
most 
recently 
had control 
of the bus. This 


latch 
is located 
at port address 
0464h 
and is read 


only. (See Figure 4-2.) A read value of (0) indicates 
that the slot was most recently 
granted 
the bus. 


Port 0465h 
is reserved 
for an additional 
eight 
Bus 


Master 
status 
latch 
slots, 
it is not implemented 
on 


the ISP. 


Note that the bits for slot 7 and 8 are driven 
by the 


ISP, though 
they will always be inactive 
(high). 


Slot 1 


Slot 2 


Slot 3 


Slot 4 


Slot 6 


Slot 7 (Reserved) 


Slot 8 (Reserved) 


ent modes. 
The default 
settings 
are: BOxB6 Mode, 


Edge 
Sensitive 
(IRQO-15), 
Normal 
EOI, Non-Buff- 


ered Mode, Special 
Fully Nested 
disabled, 
and Cas- 
cade 
Mode. 
CNTLR-1 
is connected 
as the 
master 


Interrupt 
Controller 
and 
CNTRL-2 
is connected 
as 


the slave Interrupt 
Controller. 


The 
Interrupt 
Controller 
consists 
of 
two 
separate 
B2C59 cores. 
Interrupt 
Controller 
1 (CNTRL-1) 
and 
Interrupt 
Controller 
2 (CNTRL-2) 
are initialized 
sepa- 
rately, and can be programmed 
to operate 
in differ- 


IRQ:3 


IRQo4 


tRQ5 


IRQ6 


IRQ7 


• 
0 
• 
1 


2 


:3 
4 
82C59 
CORE 
(INTR) 
5 
6 


7 


, 


• 
0# 
• 
1 
• 
2 
• 
:3 
82C59 
;) 
• 
4 
CORE 
• 
5 
• 
6 
• 
7 


Timer 
1 Counter 
0 


tRQl 


tRQ8# 
IRQ9 


IRQ10 


IRQll 


tRQ12 


IRQB 
and 
Chaining 


IRQlo4 


tRQ15 


5.1 
Interrupt 
Controller 
I/O Address Map 


Table 
5-1 lists the I/O port address 
map for the interrupt 
registers. 


Table 5-1 


Interrupts 
I/O Address 
# of Bits 
Register 


IRQ<7:0> 
0020h 
8 
CNTLR-1 
Control 
Register 
IRQ<7:0> 
0021h 
8 
CNTRL-1 
Mask Register 
IRQ<7:0> 
04DOh 
8 
CNTRL-1 
Edge/Level 
Control 
Register 
IRQ<15:B> 
OOAOh 
8 
CNTLR-2 
Control 
Register 
IRQ<15:B> 
OOA1h 
8 
CNTRL-2 
Mask Register 
IRQ<15:B> 
04D1h 
8 
CNTRL-2 
Edge/Level 
Register 


mart 
IHUL, Illustrated 
in Table 5-2, are connected 
to the interrupt 
controllers 
inte;;;;;JI;:'" 
"~~"~" 
- --- 


Table 5-2 


Priority 
Label 
Controller 
Typical 
Interrupt 
Source 


1 
IRQO 
1 
Interval Timer 1, Counter 
0 OUT 


2 
IRQ1 
1 
Keyboard 


3-10 
IRQ2 
1 
( 
Interrupt 
from Controller 
2 


3 
IRQ8# 
2 
Real Time Clock 


4 
IRQ9 
, 
2 
Expansion 
Bus Pin B04 


5 
IRQ10 
2 
• 
Expansion 
Bus Pin 003 


6 
IRQ11 
2 
, 
Expansion 
Bus Pin 004 


7 
IRQ12 
2 
Expansion 
Bus Pin 005 


8 
IRQ13 
2 
Coprocessor 
Error, Chaining 


9 
IRQ14 
2 
Fixed Disk Drive Controller 
Expansion 
Bus Pin 007 


10 
IRQ15 
2 
Expansion 
Bus Pin 006 


11 
IRQ3 
1 
Serial Port 2, Exp Bus B25 


12 
IRQ4 
1 
Serial Port 1, Exp Bus B24 


13 
IRQ5 
1 
Parallel Port 2, Exp Bus B23 


14 
IRQ6 
1 
Diskette 
Controller, 
Exp Bus B22 


15 
IRQ7 
1 
Parallel Port 1, Exp Bus B21 


The interrupts 
at the IRQ input lines are handled 
by two registers 
in cascade, 
the Interrupt 
Request 
register 
(IRR) and the In-Service 
register 
(ISR). The IRR is used to store all the interrupt 
levels which 
are requesting 
service; 
and the ISR is used to store all the interrupt 
levels which are being serviced. 


This logic block determines 
the priorities 
of the bits set in the IRR. The highest priority is selected 
and strobed 
into the corresponding 
bit of the ISR during 
Interrupt 
Acknowledge 
cycles .. 


The IMR stores the bits which 
mask the interrupt 
lines to be masked. 
The IMR operates 
on the IRR. Masking 
of a higher priority input will not affect 
the interrupt 
request 
lines of lower priority. 


INTA# 
pulses 
will cause the Interrupt 
Controller 
system 
to release 
vectoring 
information 
onto the data bus. 
The format 
of this data depends 
on the system 
mode (JLPM) of the Interrupt 
Controller 
(programmed 
for x86 
mode in EISA systems). 
The ISP uses the ST2# 
input as the Interrupt 
Acknowledge 
line. 


The powerful 
features 
of the Interrupt 
Controller 
in a microcomputer 
system 
are its programmability 
and the 
interrupt 
routine 
addressing 
capability. 
The 
latter 
allows 
direct 
or indirect 
jumping 
to the 
specific 
interrupt 
routine 
requested 
without 
any polling of the interrupting 
devices. 
The following 
shows 
the interrupt 
sequence 
for an x86 type system 
(8080 mode must never be selected 
by EISA software). 


1. One or more of the INTERRUPT 
REQUEST 
lines are raised high, setting 
the corresponding 
IRR bit(s). 


2. The Interrupt 
Controller 
evaluates 
these 
requests, 
and sends an INT to the CPU, if appropriate. 


3. The CPU acknowledges 
the INT and responds 
with an INTA# 
pulse. 


4. Upon receiving 
an INTA# 
from the CPU, the highest 
priority 
ISR bit is set and the corresponding 
IRR bit is 
reset. The Interrupt 
Controller 
does not drive the Data Bus during this cycle. 
1 


5. The CPU will initiate 
a second 
INTA# 
pulse. 
During this pulse, the Interrupt 
Controller 
releases 
an 8-bit 
pointer 
onto the Data Bus where 
it is read by the CPU. 


6. This completes 
the interrupt 
cycle. 
In the AEOI mode the ISR bit is reset at the end of the second 
INTA# 


pulse. Otherwise, 
the ISR bit remains 
set until an appropriate 
EOI command 
is issued 
at the end of the 
interrupt 
subroutine. 


If no interrupt 
request 
is present 
at step four (Le., the request was too short in duration) 
the Interrupt 
Controller 
will issue an interrupt 
level 7. 


In the x86 mode the processor 
produces 
only two Interrupt 
Acknowledge 
cycles. The Interrupt 
Controller 
uses 
the first interrupt 
acknowledge 
cycle to internally 
freeze 
the state of the interrupts 
for priority 
resolution. 
The 
first controller 
(CNTRL-1), 
as a master, 
issues the interrupt 
code on the cascade 
lines (internal 
to the ISP) at 
the end of the INTA# 
pulse. On this first cycle it does not issue any data to the processor 
and leaves its data 
bus buffers disabled. 
On the second 
interrupt 
acknowledge 
cycle, the master 
(CNTRL-1) 
or slave (CNTRL-2), 


will send a byte of data to the processor 
with the acknowledged 
interrupt 
code composed 
as in Table 5-3 (note 
the state of the ADI mode control 
is ignored 
and A5-A 
11 are unused 
in 80x86 
mode). 


Table 5·3. Content 
of Interrupt 
Vector 
Byte for 80x86 System 
Mode 


07 
06 
05 
04 
03 
02 
01 
DO 


IRQ7,15 
T7 
T6 
T5 
T4 
T3 
1 
1 
1 


IRQ6,14 
T7 
T6 
T5 
T4 
T3 
1 
1 
0 


IRQ5,13 
T7 
T6 
T5 
T4 
T3 
1 
0 
1 


IRQ4,12 
T7 
T6 
T5 
T4 
T3 
1 
0 
0 


IRQ3,11 
T7 
T6 
T5 
T4 
T3 
0 
1 
1 


IRQ2,10 
T7 
T6 
T5 
T4 
T3 
0 
1 
0 


IRQ1,9 
T7 
T6 
T5 
T4 
T3 
0 
0 
1 


IRQO,8 
T7 
T6 
T5 
T4 
T3 
0 
0 
0 


inter 


1. Initialization 
Command 
Words 
(ICWs): 
Before normal operation 
can begin, each Interrupt 
Controller 
in the 
system 
must be brought 
to a starting 
point-by 
a sequence 
of two to four bytes timed by I/O write pulses. 


An I/O write to CNTRL-1 
or CNTRL-2 
base address 
with 04 = 1 and AO = 0, is interpreted 
as ICW1. For 
EISA systems, 
two I/O writes to "base 
address + 1" must follow the ICW1. The first write to "base 
address + 


1" performs 
ICW2, the second 
write performs 
ICW3. A third write to "base 
address + 1" performs 
ICW4. The 
base address 
for CNTRL-1 
is 020h, and the base address 
for CNTRL-2 
is OAOh. 


ICW1 starts the initialization 
sequence 
during which the following 
automatically 
occur: 


a} The edge sense 
circuit 
is reset, which 
means 
that following 
initialization, 
an interrupt 
request 
(IRQ) input 
must make a low-to-high 
transition 
to generate 
an interrupt. 


b) The Interrupt 
Mask register 
is cleared. 


c) IR7 input is assigned 
priority 
7. 


d) The slave mode address 
is set to 7. 


e) Special 
Mask Mode is cleared 
and Status 
Read is set to IRA. 


f} If IC4 = 0, then all functions 
selected 
in ICW4 are set to zero. (Non-Buffered 
mode', 
no Auto-EOI, 
MCS-80, 


85 systems). 


2. Operation 
Command 
Words 
(OCWs): 
These 
are the 
command 
words 
which 
command 
the 
Interrupt 


Controller 
to operate 
in various 
interrupt 
modes. 
These 
modes 
are: 


a) Fully nested 
mode 


b) Rotating 
priority 
mode 


c) Special 
mask mode 


d) Polled mode 


The Base 
I/O 
address 
for CNTRL-1 
is 020h; for CNTRL-2, 
OAOh. Table 
5-4 lists the initial values 
set-up 
at 
power-up 
by the BIOS. 


Port 
Value 
Description 
of Contents 


020h 
11h 
CNTLR-1,ICW1 
021h 
08h 
CNTLR-1, 
ICW2 Vector Address 
for 000020h 
021h 
04h 
CNTLR-1, 
ICW3 Indicates 
Slave Connection 
021h 
01h 
CNTLR-1,ICW4 
8086 Mode 
021h 
B8h 
CNTLR-1, 
Interrupt 
Mask (may vary) 
0400h 
OOh 
CNTRL-1, 
Edge/Level 
Control 
Register 
OAOh 
11h 
CNTLR-2, 
ICW1 
OA1h 
70h 
CNTLR-2, 
ICW2 Vector Address 
for 0001 COh 
OA1h 
02h 
CNTLR-2, 
ICW3 Indicates 
Slave 10 
OA1h 
01h 
CN1LR-2, 
ICW4 8086 Mode 
0401h 
OOh 
CNTRL-2, 
Edge/Level 
Control 
Register 
OA1h 
BOh 
CNTLR-2, 
Interrupt 
Mask (may vary) 


inter 


Figure 5-2 illustrates 
the sequence 
software 
must follow to load the interrupt 
controller 
Initialization 
Command 
Words 
(ICWs). The sequence 
must be executed 
for CNTRL-1 
and CNTRL-2. 


NOTE: 
All ICWs must be programmed 
prior to programming 
the DCWs. 


5.11.1 
INITIALIZATION 
COMMAND 
WORDS 
1 AN~ 2 (ICW1, 
ICW2) 


In EISA systems 
the interrupt 
controllers 
are programmed 
for x86 mode. 
In an x86 system 
A 15-A 11 are 
inserted 
in the five most significant 
bits of the vectoring 
byte and the Interrupt 
Controller 
sets the three least 
significant 
bits according 
to the interrupt 
level. A10-A5 
are ignored 
and ADI (Address 
interval) 
has no effect. 


(See Figures 
5-3 and 5-4.) 


ADI: 


SNGL: 


IC4: 


ICW1 initializes 
the interrupt 
controller 
as follows: 


LTIM: 
This bit is disabled 
in the EISA system. 
Its function 
is replaced 
by the Edge/Level 
Triggered 
Control 
register 
(ELCR). 
It allows 
each interrupt 
input to be programmed 
to either 
Edge or level mode on a 
channel-by-channel 
basis (refer to Section 
5.14.7.1). 


Ignored 
for EISA. 


This bit is set to 0 for EISA. It indicates 
that there is more than one interrupt 
controller 
in the system. 


If this bit is set-ICW4 
has to be read. If ICW4 is not needed, 
set IC4 = O. 


ICW2 initializes 
the interrupt 
controller 
with the five most-significant 
bits of the interrupt vector address 
(refer to 
Section 
5.9). 


:-.L 
r 
CNTRL-2 
(OAOH) program 
to 011h 


CNTLR-1 
(021h) program 
to 08h 
CNTRL-2 
(OA1h) program 
to 070h 


07 
06 
05 
04 
03 
02 
01 
DO 


~ 


Ignored 
for 
EISA 


Ig nored 
for 
EISA 


Ignored 
for 
EISA 


This word is read only in EISA systems. 
An interrupt 
request 
on IRQ2 causes CNTLR-1 
to enable 
CNTLR-2 
to 


present the interrupt 
vector address 
during the second 
interrupt 
acknowledge 
cycle. (See Figures 5-5 and 5-6.) 


inter 


07 
06 
05' 
04 
03 
02 
01 
DO 


1 IRQ INPUT HAS A 
SLAVE 
o IRQ INPUT DOES NOT 
HAVE A SLAVE 


SLAVE 10 
0 , (2) 3 
4 
5 
6 
7 
0 
1 
0 
1 
0 
1 
0 
1 
0 
0 
1 
1 
0 
0 
1 
1 
0 
0 
0 
0 
1 
1 
1 
1 
290253-25 


5.11.3 INITIALIZATION 
COMMAND 
WORD 
4 (ICW4) 


(See Figure 5-7.) 


SFNM: 
If SFNM = 1 the special 
fully nested 
mode is programmed. 


BUF: 
Programmed 
to 0 for EISA. 


MIS: 
Ignored 
for EISA. 


AEOI: 
I AEOI = 1 the automatic 
end of interrupt 
mode is programmed. 


JLPM: 
Microprocessor 
mode: JLPM= 0 sets the Interrupt 
Controller 
for MCS-80, 85 system 
operation 
(illegal 


for EISA systems), 
JLPM= 1 sets the Interrupt 
Controller 
for x86 system 
operation. 


CNTLR-1 
(021h) program 
to 01h 
CNTLR-2 
(OA1h) program 
to 01h 


1 8086 
MODE 
o RESERVED 


1 AUTO EOI 
o NORMAL EOI 


o NON BUFFERED t.lODE 
1 RESERVED 


1 SPECIAL FULLY NESTED 
MODE 
o NOT SPECIAL FULLY 
NESTED MODE 


inter 


After the Initialization 
Command 
Words 
(ICWs) are programmed 
into the Interrupt 
Controller, 
the chip is ready 
to accept 
interrupt 
requests 
at its input lines. However, 
during the Interrupt 
Controller 
operation, 
a selection 
of 
algorithms 
can command 
the Interrupt 
Controller 
to operate 
in various 
modes 
through 
the Operation 
Com- 


mand Words 
(OCWs). 
. 


OCW1 
sets and clears 
the mask bits in the interrupt 
Mask register 
(IMR). M7-MO 
represent 
the eight mask 
bits. M = 1 indicates 
the channel 
is masked 
(inhibited), 
M = 0 indicates 
the channel 
is enabled. 
(See Figure 
5-8.) 


IRQ<7:0>-Port 
021h (CNTRL-1) 
IRQ < 15:0> -Port 
OA1h (CNTRL-2) 


INTERRUPT 
tolASK 
1 tolASK 
SET 
o tolASK 
RESET 


NOTE: 
MO= Mask for IRQO(IRQ8il'), 
M1 =Mask 
for IRQ1(IRQ9), 
M2=Mask 
for IRQ2(IRQ10) 
and so on ... 


R, SL, EOI- 
These three bits control 
the Rotate 
and End of Interrupt 
modes 
and combinations 
of the two. A 
chart of these 
combinations 
can be found on the Operation 
Command 
Word Format. 


IRQ<7:0>-Port 
020h (CNTRL-1) 
IRQ < 15:0> -Port 
OAOh (CNTRL-2) 


IRQ TO 8E ACTED 
UPON 


0123.567 
8 
9 
10 
11 
12 
13 U 15 
o 
1 
0 
1 
0 
1 
0 
1 
o 
0 
1 
1 
0 
0 
1 
1 
o 
0 
0 
0 
1 
1 
1 
1 


(A) = CNTRL-l 
IRQ<7:0> 
NON-SPECIfiC 
EOI COtoltolAND 
(8) = CNTRL-2 
IRQ<15:8> 


SPECIfiC 
EOI COtoltolAND 


ROTATE 
ON 
NON-SPECIfiC 
EOI COtoltolAND 


o 
0 
ROTATE 
IN AUTO 
EOI tolODE (SET) 


o 
0 
ROTATE 
IN AUTO 
EOI tolQDE (CLEAR) 


'ROTATE 
ON 
SPECIfiC 
EOI COtoltolAND 


'SET 
PRIORITY 
COtoltolAND 


NO OPERATION 


inter 


ESMM-Enable 
Special 
Mask Mode. When this bit is set to 1 it enables 
the SSM bit to set or reset the Special 
Mask Mode. When 
ESMM 
= 0 the SMM bit becomes 
a "don't 
care". 


SMM-8pecial 
Mask Mode. If ESMM = 1 and SSM = 1 the Interrupt 
Controller 
will enter Special 
Mask Mode. If 
ESMM = 1 and SMM = 0 the Interrupt 
Controller 
will revert to normal 
mask mode. When ESMM = O. SMM has 
no effect. 
(See Figure 5-10.) 


IRQ <7:0>-Port 
020h (CNTRL-1) 


IRQ <15:0>-Port OAOh (CNTRL-2) 


READ REGISTER COt.4t.4AND 
o 
1 
0 
1 
o 
0 
1 
1 


NO 
READ 
READ 
ACTION 
IRQ REG 
IS REG 


SPECIAL t.4ASK CODE 
o 
1 
0 
1 
o 
0 
1 
1 


NO 
RESET 
SET 
ACTION 
SPEC. 
SPEC. 


t.4ASK 
t.4ASK 


info r 


5.13.1 END OF INTERRUPT 
(EOI) 


The In Service 
(IS) bit can be reset either automati- 
cally 
following 
the 
trailing 
edge 
of the 
last 
in se- 
quence 
INTA# 
pulse (when AEOI bit in ICW1 is set) 
or by a command 
word that 
must be issued 
to the 
Interrupt 
Controller 
before 
returning 
from 
a service 
routine 
(EOI command). 
An EOI command 
must be 
issued twice if the Cascade 
mode, once for the mas- 
ter and once for the slave. 


There are two forms of EOI commands: 
Specific 
and 
Non-Specific. 
When the Interrupt 
Controller 
is oper- 
ated in modes which preserve 
the fully nested 
struc- 
ture, it can determine 
which 
IS bit to reset on EOI. 


When 
a Non-Specific 
EOI command 
is issued 
the 
Interrupt 
Controller 
will automatically 
reset the high- 
est 
IS bit of those 
that 
are set, 
since 
in the 
fully 
nested 
mode 
the 
highest 
IS level 
was 
necessarily 
the 
last 
level 
acknowledged 
and 
serviced. 
A non- 
specific 
EOI 
can 
be 
issued 
with 
OCW2 
(EOI = 1, 
SL=O, 
R=O). 


When 
a mode 
is used which 
may disturb 
the fully 
nested 
structure, 
the 
Interrupt 
Controller 
may 
no 
longer 
be able to determine 
the last level acknowl- 
edged. 
In this case a Specific 
End of Interrupt 
must 
be issued 
which 
includes 
as part of the command 
the IS level to be reset. A specific 
EOI can be issued 
with OCW2 (EOI = 1, SL = 1, R = 0, and LO- L2 is the 
binary level of the IS bit to be reset). 


It should be noted that an IS bit that is masked by an 
IMR bit will not be cleared 
by a non-specific 
EOI if 
the Interrupt 
Controller 
is in the Special 
Mask Mode. 


5.13.2 AUTOMATIC 
END OF INTERRUPT 
(AEOI) 
MODE 


If AEOI = 1 in ICW4, then the Interrupt 
Controller 
will 
operate 
in 
AEOI 
mode 
continuously 
until 
repro- 
grammed 
by ICW4. In this mode the Interrupt 
Con- 
troller 
will automatically 
perform 
a non-specific 
EOI 
operation 
at the trailing edge of the last interrupt 
ac- 
knowledge 
pulse. 
Note 
that 
from 
a system 
stand- 
point, this mone should be used only when a nested 
multilevel 
interrupt 
structure 
is not required 
within 
a 
single Interrupt 
Controller. 
The AEOI mode can only 
be used in a master 
Interrupt 
Controller 
and not a 
slave. 


This mode is entered 
after initialization 
unless anoth- 
er mode is programmed. 
The interrupt 
requests 
are 
ordered 
in priority 
from 
0 through 
7 
(0 highest). 
When 
an interrupt 
is acknowledged 
the highest 
pri- 
ority request 
is determined 
and its vector 
placed 
on 
the 
bus. Additionally, 
a bit of the 
Interrupt 
Service 
register 
(ISO-7) 
is set. This bit remains 
set until the 
microprocessor 
issues 
an 
End 
of 
Interrupt 
(EOI) 
command 
immediately 
before 
returning 
from 
the 
service 
routine, 
or if AEOI (Automatic 
End of Inter- 
rupt) 
bit is set, 
until 
the 
trailing 
edge 
of the 
last 
INTA #. While the IS bit is set, all further 
interrupts 
of 
the same or lower priority are inhibited, 
while higher 
levels 
will generate 
an interrupt 
(which 
will be ac- 
knowledged 
only if the microprocessor 
internal 
Inter- 
rupt 
enable 
flip-flop 
has 
been 
re-enabled 
through 
software). 


After the initialization 
sequence, 
IRQO has the high- 
est priority 
and 
IRQ7 the 
lowest. 
Priorities 
can 
be 
changed, 
as will be explained, 
in the rotating 
priority 
mode. 


This mode will be used in the case of a big system 
where 
cascading 
is used, and the priority 
has to be 
conserved 
within 
each 
slave. 
In this case 
the fully 
nested 
mode will be programmed 
to the master 
(us- 
ing ICW4). This mode is similar to the normal 
nested 
mode with the following 
exceptions: 
. 


a) When an interrupt 
request 
from a certain 
slave is 
in service 
this 
slave 
is not locked 
out from 
the 
master's 
priority 
logic 
and 
further 
interrupt 
re- 
quests 
from higher 
priority 
IRQ's within 
the slave 
will be recognized 
by the master 
and will initiate 
interrupts 
to the processor. 
(In the normal 
nested 
mode a slave is masked 
out when its request 
is in 
service 
and 
no higher 
requests 
from 
the 
same 
slave can be serviced.) 


b) When 
exiting 
the 
Interrupt 
Service 
routine 
the 
software 
has to check whether 
the interrupt 
serv- 


iced 
was 
the 
only 
one 
from 
that 
slave. 
This 
is 
done 
by sending 
a non-specific 
End of Interrupt 
(EOI) command 
to the slave and then reading 
its 
In-Service 
register 
and checking 
for zero. 
If it is 
empty, a non-specific 
EOI can be sent to the mas- 
ter too. If not, no EOI should 
be sent. 


inter 


5.14.3 AUTOMATIC 
ROTATION 
(EQUAL 
PRIORITY 
DEVICES) 


In some applications 
there are a number of interrupt- 
ing devices 
of equal 
priority. 
In this mode a device, 
after being serviced, 
receives 
the lowest 
priority, 
so 
a device 
requesting 
an interrupt 
will have to wait, in 
the worst case until each of seven other devices 
are 
serviced 
at most once. (See Figure 5-11.) 


There 
are two ways to accomplish 
Automatic 
Rota- 
tion using OCW2, the Aotation 
on Non-Specific 
EOI 
Command 
(R = 1, SL = 0, EOI = 1) and the Rotate 
in 
Automatic 
EOI Mode which 
is set by (A = 1, SL = 0, 
EOI = 0) and cleared 
by (R = 0, SL = 0, EOI = 0). 


5.14.4 
SPECIFIC 
ROTATION 
(SPECIFIC 
PRIORITY) 


The programmer 
can change 
priorities 
by program- 
ming the bottom 
priority and thus fixing all other pri- 
orities; 
i.e., if lAOS 
is programmed 
as the 
bottom 
priority 
device, 
then IR06 
will have the highest 
one. 


If the priority and "in service" 
status is: 


Before 
Rotate 
(IA04 
the highest priority requiring 
service) 


The Set Priority command 
is issued in OCW2 where: 


A = 1, SL = 1; LO- L2 is the binary priority 
level code 
of the bottom 
priority 
device. 


Observe 
that in this mode internal 
status is updated 
by software 
control 
during OCW2. 
However, 
it is in- 
dependent 
of the 
End of Interrupt 
(EOI) command 
(also executed 
by OCW2). 
Priority 
changes 
can be 
executed 
during an EOI command 
by using the Ro- 


tate 
on 
Specific 
EOI 
command 
in OCW2 
(R = 1, 


SL=1, 
EOI=1 
and 
LO-L2=IAO 
level 
to 
receive 
bottom 
priority). 


In this mode the INT output 
is not used and the mi- 
croprocessor 
internal 
Interrupt 
Enable flip-flop 
is re- 
set, disabling 
its interrupt 
input. Service to devices 
is 
achieved 
by software 
using a Poll command. 


The 
Poll command 
is issued 
by setting 
P = "1" 
in 
OCW3. 
The Interrupt 
Controller 
treats 
the next I/O 
read pulse to the Interrupt 
Controller 
as an interrupt 
acknowledge, 
sets the appropriate 
IS bit if there is a 
request, 
and reads the priority 
level. Interrupt 
is fro- 
zen from the I/O write to the I/O read. 


inter 


The word enabled 
onto the data bus during I/O read 
is: 


WO-W2: 
Binary code of the highest priority level re- 
questing 
service. 


1: Equal to "1" 
if there is an interrupt. 


This 
mode 
is useful 
if there 
is a routine 
command 
common 
to several 
levels 
so that 
the 
INTA# 
se- 
quence 
is not needed 
(saves ROM space). 


The Interrupt 
Controllers 
in the EISA system 
are in- 
terconnected 
in a system 
of one 
master 
with 
one 
slave to handle 
up to 15 priority 
levels. 


In a cascade 
configuration, 
the slave 
interrupt 
out-. 


puts are connected 
to the master 
interrupt 
request 
inputs. 
When 
a slave 
request 
line is activated 
and 
afterwards 
acknowledged, 
the master will enable the 
corresponding 
slave 
to release 
the 
device 
routine 
address 
during byte 2 of INTA #. 


Each Interrupt 
Controller 
in the system 
must follow a 
separate 
initialization 
sequence 
and 
can 
be 
pro- 
grammed 
to work in a different 
mode. An EOI com- 
mand must be issued twice: one for the master and 
once for the slave. 


In ISA systems 
this mode is programmed 
using bit 3 
in ICW1. 
In EISA systems 
the LTIM bit is disabled 
and 
a new 
register 
for 
level 
and 
edge 
triggered 
mode selection, 
per interrupt 
input, is included. 
This 
is the 
Edge/Level 
Control 
register 
ELCR. 
The 
de- 
fault programming 
is equivalent 
to programming 
the 
LTIM bit (ICW1 bit 3) to a O. 


If an ELCR 
bit = "0", 
an interrupt 
request 
will be 
recogrized 
by a low to high transition 
on the corre- 
sponding 
IRQ input. The IRQ input can remain 
high 
without 
generating 
another 
interrupt. 


If an ELCR bit = "1 ", an interrupt 
request 
will be 
recognized 
by a "low" 
level 
on the corresponding 
IRQ input, and there 
is no need for an edge detec- 
tion. For level triggered 
interrupt 
mode, the interrupt 
request 
signal 
must 
be 
removed 
before 
the 
EOI 
command 
is issued 
or the 
CPU interrupt 
must 
be 
disabled. 
This is necessary 
to prevent 
a second 
in- 
terrupt 
from occurring. 


In both the edge and level triggered 
modes 
the IRQ 
inputs must remain active 
until after the falling edge 
of the 
first 
INTA#. 
If the 
IRQ input 
goes 
inactive 
before 
this time a DEFAULT 
IRQ7 will occur 
when 
the CPU acknowledges 
the interrupt. 
This can be a 
useful 
safeguard 
for detecting 
interrupts 
caused 
by 
spurious 
noise glitches 
on the IRQ inputs. To imple- 
ment this feature the IRQ7 routine is used for "clean 
up" simply executing 
a return instruction, 
thus ignor- 
ing the interrupt. 
If IRQ7 is needed 
for other purpos- 
es a default 
IRQ7 can still be detected 
by reading 
the ISA. A normal 
IRQ7 interrupt 
will set the corre- 
sponding 
ISR bit, a default 
IRQ7 won't. 
If a default 
IRQ7 routine 
occurs 
during 
a normal 
IRQ7 routine, 
however, 
the ISR will remain 
set. In this case 
it is 
necessary 
to keep track of whether 
or not the IRQ7 
routine 
was previously 
entered. 
If another 
IRQ7 oc- 
curs it is a default. 


5.14.7.1 
Edge/Level 
Triggered 
Control 
Register 
(ELCR) 
(Read/Write) 


There 
are two ELCR registers 
one for each 
82C59 
bank. They are located 
at I/O 
ports 04DOh (for the 
Master 
Bank, 
IRQ<0:1,3:7» 
and 
04D1h 
(for the 
Slave 
Bank, 
IRQ<8#:15». 
They 
allow 
the 
edge 
and level sense selection 
to be made on an interrupt 
by interrupt 
basis 
instead 
of on a complete 
bank. 


Only the interrupts 
that connect 
to the EISA bus may 
be 
programmed 
for 
level 
sensitivity. 
That 
is 
IRQ 
(0, 1, 2, 8 #, 13) must be programmed 
for edge sen- 
sitive operation. 
(See Figure 5-12.) 


IRQ13 
still appears 
externally 
to be an edge sensi- 
tive interrupt 
even. though 
it is shared 
internally 
with 
the 
Chaining 
interrupt. 
The 
Chaining 
interrupt 
is 
"ORed" 
after the edge sense logic. 


IRQ<7:0>-Port 
4DOh (CNTRL-1) 
IRQ < 15:0>-Port 
4D1h (CNTRL-2) 


5.15.1 
MASKING 
ON AN INDIVIDUAL 
INTERRUPT 
REQUEST 
BASIS 


Each Interrupt 
Request 
input can be masked 
individ- 
ually 
by 
the 
Interrupt 
Mask 
register 
(IMR) 
pro- 
grammed 
through 
OCW1. Each bit in the IMR masks 
one interrupt 
channel 
if it is set 1. Bit 0 masks IRQO, 
Bit 1 masks 
IRQ1 
and 
so forth. 
Masking 
an IRQ 
channel 
does 
not affect 
the other channels' 
opera- 
tion. 


Some 
applications 
may require 
an interrupt 
service 
routine to dynamically 
alter the system priority struc- 
ture during its execution 
under software 
control. 
For 
example, 
the routine 
may wish to inhibit lower priori- 
ty requests 
for a portion 
of its execution 
but enable 
some of them for another 
portion. 


The difficulty 
here is that 
if an Interrupt 
Request 
is 
acknowledged 
and an End of Interrupt 
command 
did 
not 
reset 
its IS bit (I.e., while 
executing 
a service 
routine), the Interrupt 
Controller 
would have inhibited 
all lower priority 
requests 
with no easy way for the 
routine 
to enable 
them. 


That is where 
the Special 
Mask Mode comes 
in. In 
the Special 
Mask 
Mode, 
when 
a mask bit is set in 


Int 9 1= level, 0 = edge sensitive 


Int 10 1= level, 0 = edge sensitive 


Int 3/11 
1= level, 0 = edge sensitive 


Int 4/12 
1= level, 0 = edge sensitive 


Int 5 1= level, 0 = edge sensitive 


Int 6/14 
1= level, 0 = edge sensitive 


Int 7/15 
1= level, 0 = edge sensitive 
290253-33 


Figure 5-12 


OCW1, 
it inhibits 
further 
interrupts 
at that level and 
enables 
interrupts 
from all other levels (lower as well 


as higher) that are not masked. 


Thus, any interrupts 
may be selectively 
enabled 
by 
loading the Mask register. 


The 
special 
Mask 
Mode 
is set 
by OCW3 
where: 
SSMM = 1, SMM = 1, and cleared 
where 
SSMM = 1, 


SMM=O. 


5.16 
Reading the Interrupt Controller 
Status 


The input status of several 
internal 
registers 
can be 
read to update 
the user information 
on the system. 


The following 
registers 
can be read via OCW3 
(IRR 
and ISR or OCW1 
[IMRj). 


Interrupt 
Request 
register 
(IRR): 8-bit register 
which 
contains 
the levels requesting 
an interrupt 
to be ac- 
knowledged. 
The highest 
request 
level is reset from 
the IRR when an interrupt 
is acknowledged. 
(Not af- 
fected 
by IMR). 


In-Service 
register 
(ISR): 
8-bit 
register 
which 
con- 


tains the priority 
levels that are being serviced. 
The 
ISR is updated 
when an End of Interrupt 
Command 
is issued. 


eVIIlb.lll~ 
UIIQ' 
IIlllQ'IIU~l 
1t::14Uld::Sl m,e~ 
wnlcn 
are 
masked. 


The IRR can be read when, prior to the RD pulse, a 
Read 
Register 
Command 
is 
issued 
with 
OCW3 
(RR=1, 
RIS=O). 


The ISR can be read when, prior to the RD pulse, a 
Read 
Register 
Command 
is 
issued 
with 
OCW3 
(RR=1, 
RIS=1). 


There 
is no need 
to write 
an OCW3 
before 
every 
status 
read 
operation, 
as long 
as the 
status 
read 
corresponds 
with the previous 
one; i.e., the Interrupt 
Controller 
"remembers" 
whether 
the IRR or ISR has 
been previously 
selected 
by the OCW3. 
This is not 
true when poll is used. 


After 
initialization 
the 
Interrupt 
Controller 
is set to 
IRA. 


For reading 
the IMR, no OCW3 is needed. 
The out- 
put data bus will contain the IMR whenever 
I/O read 


is active, 
the address 
is 021 h or 061 h (OCW1). 


6.0 
NON-MASKABLE 
INTERRUPT 
PORTS 


6.1 
NMI Status and Control 
(Port 061h) (Read/Write) 
Value on Reset 
= OOxOOOOO(Figure 6-1) 


Parity Error from System 
Memory 


Bit 7 is set if the system 
board drives PARITY # ac- 
tive. This Interrupt 
is enabled 
by setting 
bit 2 to "0". 


To reset the parity error, set bit 2 to "1" 
and then 
clear it to "0". 


Bit 6 is set if an expansion 
board 
drives 
10CHK# 
active on the ISA/EISA 
bus. This interrupt 
is enabled 
by setting bit 3 to "0". To reset the interrupt, 
set bit 3 
to 0 and then set it to "1 ". 


Read and write 
Gote signal for interval timer 1, counter 2 (speaker) 
0;;;;Counter 2 disabled 
1 ;;;;Counter 2 enabled 


Read and write 
0;;;;System board parity error enabled 
1 ;;;;Parity error disabled and cleared 


Read and write 
0= 
IOCHKH NloIl enabled 
, = IOCHK# NloIl disabled 
and 
cleared 


Read 
0/1 
Toggles every Refresh cycle 
Write 
Reserved (must be 0) 


Read 
(This bit Is the OUT of the counter not the 
state 
of SPKR) 


Stat. 
of interval timer 
1, counter 2 out (speaker) 
Write 
Reserved (must be 0) 


Read 
0;;;;No N~I interrupt 
from IOCHKH 
1 ;;;;IOCHK# is low (active), 
N~I requested 
Write 
Reserved (must be 0) 


Read 
o = No N~I Interrupt 
from system board parity error 
1 ;;;;PARITY' is low (active), 
N~I interrupt 
requested 
Write 
Reserved (must be 0) 


inter 


6.2 
NMI Extended 
Status and Control 
(Port 0461h) (Read/Write) 
Value on Reset = 00000000 
(Figure 6-2) 


This provides 
additional 
status and control. 


Bit 7 is set if the fail-safe 
timer 
count 
has expired 
before 
being reset by a software 
routine. 
This inter- 
rupt is enabled 
by setting 
bit 2 to "1 ". To reset the 
interrupt, 
set bit 2 to "0" 
then set it to "1". 


Bit 6 is set if either a 64 BCLK or a 256 BCLK (Bus 
Timeout) 
occurs 
(refer to Section 
4.1). The bus time- 
out interrupt 
is enabled 
by setting 
bit 3 to "1" 
or 
disabled 
by setting 
bit 3 to "0". 
To clear 
the 
bus 
timeout 
interrupt, 
set bit 3 to "0" 
and then set it to 
"1". 
The 
ISP drives 
RSTDRV 
active 
when 
a bus 
timeout 
occurs. 
Clearing 
the bus timeout 
status 
bit 
causes 
the ISP to negate 
RSTDRV. 


Bit 4 indicates 
whether 
an 8 fLs Bus Timeout 
oc- 
curred or not. For example, 
if Bit 6 = 1 and Bit 4 = 


Reed and write 
0= Normal Bus reset function 
1 = Bus reset 
active 
(RSTDRV) 


Read and 
Write 
1= NMI I/o 
port enabled 
0= NMI I/O port disabled 


0, a 32 fLs Bus Timeout 
occurred. 
If Bit 6 = 1 and Bit 
4 = 1, an 8 fLs Bus Timeout 
occurred. 


Bit 5 is set if an liD write 
access 
occurred 
to port 
0462h. This interrupt 
is enabled 
by setting 
0461 h bit 
1 to "1". 
To reset the interrupt, 
set port 0461 h bit 1 
to "0" 
and then set it to "1". 


Bit 0 can be used 
to perform 
a system 
bus reset 
without 
resetting 
other devices 
in the system. 
A sys- 
tem bus reset is done by setting bit 0 to a "1", 
which 
drives 
the RSTDRV 
signal 
active 
on the 
ISA/EISA 
bus. Bit 0 should 
be set long enough 
for the system 
bus devices 
to be properly 
reset 
(8 BCLKs), 
and 
then bit 0 should 
be cleared 
to continue 
normal 
op- 
eration. 


Bit 4 of Port 0461 h has a new definition 
in the ISP B- 
stepping, 
which 
is shown 
in the Port 0461 h Bit Map 
Table. 
The ISP stepping 
can be determined 
at sys- 
tem RESET: 


Bit 4 = 1 (A-Step) 


Bit 4 = 0 (B-Step) 


Read and write 
1 = Fail-safe 
N~r 
enabled 
0::::Fail-safe 
Nhtl disabled and cleared 


Read and write 
1= EISA Bus master 
timeout 
N~l enabled 
0= 
EISA timeout 
Nhtl disabled 
and 
cleared 


Read 
0= 8 j.J.S EISA Bus master timeout 
did not occur 
1 = 8 jJ.S EISA Bus master timeout 
occurred 
Write - Reserved 
(must 
be 0) 


Read 
0= 
No NMI interrupt 
from 
NMI I/O 
port 
1 = NMI I/o 
port interrupt 
pending 
Write - Reserved 
(must 
be 0) 


Read 
0= 
No NMI interrupt 
from 
32-bit 
bus master timeout 
logic 
1 ~ 8 jJ.5 or 32)J.s 
EISA Bus Master timeout 
occurred, 
Nh41interrupt 
requested 
Wnte - Reserved (must 
be 0) 


Read 
0= 
No NMI interrupt 
from 
fail-safe 
timer 
1 = Fail-safe 
timer 
is active, 
NMI interrupt 
requested 
Write - Reserved 
(must 
be 0) 


Figure 6-2 
1-229 
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6.3 Software 
NMI Generation 
(Port 0462h) (Write Only) 


A write to this port with any data will cause an NMI. 
This port provides 
a software 
mechanism 
to cause 
an NMI if interrupts 
are enabled. 
(Figure 6-3.) 


~ 
xx - Don't Care 
290253-36 


6.4 
NMI Enable/Disable 
and Real-Time 
Clock Address (Port 070h) 


The Mask register 
for the NMI interrupt 
is at I/O ad- 
dress 
070h 
shown 
below. 
The 
most-significant 
bit 
enables 
or 
disables 
all 
NMI 
sources 
including 
10CHK #, Fail Safe Timer, PARITY #, Bus Time Out, 
and the NMI Port. Write an 80h to port 70h to mask 
the NMI signal. This port is shared with the real-time 
clock. 
The real-time 
clock 
uses the lower six bits of 
this 
port 
to address 
memory 
locations. 
Writing 
to 
port 
70h 
sets 
both the 
enable/disable 
bit and the 
memory address 
pointer. 
Do not modify the contents 
of this register without 
considering 
the effects 
on the 
state of the other bits. (Figure 6-4.) 


~ 
~ 
Real time clock 
address 


D= Ntoll enabled 
1 = Ntoll disabled 
290253-37 


EISA systems 
contain 
five counter/timers 
that 
are 
equivalent 
to those found in the 82C54 Programma- 
ble Interval 
Timer 
(NOTE: 
refer to the 82C54 
Data 
Sheet for additional 
information 
on timer functions). 


The following 
table 
shows 
the I/O 
address 
map of 
the interval 
timer counters: 


1/0 Port 
Register 
Description 
Address 


040h 
Timer 1, System Timer 
(Counter 
0) 
041h 
Timer 1, Refresh 
Request 
(Counter 
1) 
042h 
Timer 1, Speaker 
Tone 
(Counter 
2) 
043h 
Timer 1, Control Word 
Register 


048h 
Timer 2, Fail-Safe Timer 
(Counter 0) 
049h 
Timer 2, Reserved 
04Ah 
Timer 2, CPU Speed Control 
(Counter 
2) 
04Bh 
Timer 2, Control Word 
Register 


7.1 
Programming 
the Interval Timer 


The counter/timers 
are programmed 
by I/O access- 
es and are addressed 
as though 
they are contained 
in two separate 
82C54 interval 
Timers. Timer 
1 con- 
tains three 
counters, 
timer 2 contains 
two counters 
(EISA systems 
do not implement 
the middle counter 
of timer 2). 


The interval timer is an I/O-mapped 
device. 
Several 
commands 
are available: 


• 
Control 
Word Specifies: 


- 
which counter 
to read or write 


- 
the operating 
mode 


- 
the count format 
(binary or BCD) 


• 
Counter 
Latch latches 
the current count so that it 
can be read by the system. 
The countdown 
pro- 
cess continues. 


• 
Read 
Back reads 
the count 
value, 
programmed 
mode, the current 
state of the OUT pins, and the 
state of the Null Count Flag of the selected 
coun- 
ter. 


The following 
Table lists the six operating 
modes for 
the interval 
counters. 


Mode 
Function 


0 
Out Signal on End of Count (= 0) 
1 
Hardware 
retriggerable 
one-shot 
2 
Rate Generator 
(Divide by n Counter) 
3 
Square Wave Output 
4 
Software 
Triggered 
Strobe 
5 
Hardware 
Triggered 
Strobe 
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Because 
the timer counters 
wake up in an unknown 
state after power 
up, multiple 
refresh 
requests 
may 
be queued 
up. To avoid possible 
multiple 
refresh cy- 
cles after power 
up, program 
the timer counter 
im- 
mediately 
after power 
up. 


Programming 
the interval 
timer is a simple process: 


1. Write a control 
word. 


2. Write an initial count for each counter. 


3. Load the least and/or 
most significant 
bytes 
(as 
required 
by Control 
word 
bits 5, 4) of the 
16-bit 
counter. 


7.1.1 INTERVAL 
TIMER 
CONTROL 
WORD 
FORMAT 


The Control 
Word specifies 
the counter, 
the operat- 
ing mode, 
the order 
and size of the COUNT 
value, 
and whether 
it counts down in a 16-bit or binary-cod- 
ed decimal 
(BCD) 
format. 
After 
writing 
the control 
word, a new count 
may be written 
at any time. The 


Timer 
1: Port 043h 
Timer 
2: Port 04Bh 


new 
value 
will 
take 
effect 
according 
to 
the 
pro- 


grammed 
mode. 


If a counter 
is programmed 
to read/write 
two-byte 
counts, 
the following 
precaution 
applies: 
A program 
must 
not transfer 
control 
between 
writing 
the first 


and second byte to another 
routine which also writes 


into that 
same counter. 
Otherwise, 
the counter 
will 


be loaded 
with an incorrect 
count. 
The count 
must 


always 
be completely 
loaded 
with both bytes. 
(See 
Figure 7-1.) 


7.1.2 INTERVAL 
TIMER 
COUNTER 
LATCH 
COMMAND 


The Counter 
Latch 
command 
latches 
the count 
at 


the time the command 
is received. 
This command 
is 


used to insure that the count 
read from the counter 
is accurate 
(particularly 
when 
reading 
a two-byte 
count). 
The 
count 
value 
is then 
read 
from 
each 


counter's 
Count register 
as was programmed 
by the 
Control 
register. 
(See Figure 7-2.) 


000 = Mode 0 
001 = Mode 1 
X10 = Mode 2 
XlI = Mode 3 
100 = Mode 4 
101 = Mode 5 


00 = Counter latch 
Command 
01 = R/W least Significant Byte 
10= R/W Most Significant Byte 
11 = R/W lSB then MSB 


00 = Select counter 0 
01 = Select counter 1 
10= Select counter 2 
11 = Read Back Command 


Reserved (must be 0) 


00 = Designates this byte as 
a counter 
latch command 


00 = latch counter 0 
01 = latch counter 1 
10 = latch counter 2 
11 =Select Read Bock Command 
(See read bock command) 


Figure 
7·2 
1-231 


The Read-Back command is used to determine the 
count value, programmed mode, and current states 
of the OUT pin and Null Count flag of the selected 
counter or counters. The Read-Back command is 


me current states of the above mentioned variables 
to be latched. The value of the counter and its status 
may then be read by I/O access to the counter ad- 
dress. Figures 7-3 and 7-4 show the format for the 
Read-Back command and the Status byte. 


Timer 
1: Port 040h, 041h, 042h 
Timer 2: Port 048h, 04Ah 


000 = Mode 0 
001 = Mode 1 
X10=Mode 
2 
Xll=Mode3 
100=Mode 
4 
101 = Mode 5 


00 = Counter Latch Command 
01 = R/W Least Significant Byte 
10 = R/W Most Significant Byte 
11 = R/W LSB then MSB 


Returned Status 
0= CRcontents not moved into CE 
1= CRcontents are moved into CE 


O=OUT Pin is 0 (low) 
1= OUTPin is 1 (high) 


EISA Bus Cycle/BClK 
timing definition 
points. 
(Fig- 


ure 8-1.) 


NOTE: 


The following 
definition 
points 
are to be used as a 


reference 
when reading 
the detailed 
signal descrip- 


tion. 


TO 
= rising 
edge 
of 
BClK 
at 
the 
beginning 
of 
START # active. 


T1 
= falling 
edge 
of 
BClK 
at 
the 
middle 
of 
START # active. 


T2 
= rising 
edge 
of 
BClK 
at 
the 
beginning 
of 
CMD# 
active. 


T3 
= the first falling 
edge 
of BClK 
after 
CMD # 


goes active. 


T4A = the 
first 
rising 
edge 
of BClK 
after 
CMD# 


goes active. 


T4 
= rising 
edge 
of BClK 
at the end of a cycle 


(CMD# 
inactive 
edge). 


T5 
= the first falling 
edge 
of BClK 
after 
CMD # 
goes inactive. 


TO 
T1 
I 
I 


T2 
T3 
T4A 


I 
I 
I 


T4 
T5 


I 
I 


DREQ 
<3:0,7:5> 
INPUT (DMA REQUEST) 


These 
input lines are used to request 
DMA service 


from the DMA subsystem 
or for a 16-bit ISA master 


to gain control 
of the system 
bus. The active 
level 


(high or low) is programmed 
in the Command 
regis- 


ters. 
When 
the 
Command 
register 
bit 
6 
is 
pro- 


grammed 
to 0, they are active 
high, otherwise 
they 


are active low. All inactive 
to active edges of DREQ 


are assumed 
to be asynchronous, 
they will be sam- 


pled on the falling 
edge of BClK 
and used on the 


next rising edge of BClK. 
The request 
must remain 


active until the appropriate 
DACK # goes active. Ac- 


tive to inactive edge sampling 
in Demand 
mode or in 


the 
case 
of a cascaded 
master 
will 
have 
various 


sampling 
points as defined 
below: 


ISA Master-The 
DREQ line is sampled 
on the rising 


edge 
of BClK, 
two 
BClKs 
before 
the 
DACK # 
is 


inactivated. 
The DREQ is assumed 
to be asynchro- 


nous. The various address 
and control 
lines must be 


floated 
before 
DACK # 
goes 
inactive 
and 
the 


MASTER16# 
line 
must 
be 
released 
as 
DACK# 


goes inactive. 


Compatible 
and 
Type 
A DMA- 
The 
DREQ 
line 
is 


sampled 
on the 
rising 
edge 
of BClK, 
two 
BClKs 


prior to the sampling 
of DRDY. 
This 
is 2.5 BClKs 


before the address would be changed. 
The DREQ is 


assumed 
to be asynchronous. 
(Figure 8-2.) 


"-,~I 
H~ 
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Type B DMA- The DREQ line is sampled on the 
rising edge of BClK, 1 BClK prior to the sampling of 
DRDY. This is 1.5 BClKs before the address would 
be changed. The DREQ is assumed to be asynchro- 
nous. (Figure 8-3.) 


::~ 


DRDY 
t 
2 


290253-44 
DREQ is sampled 1.5 BCLKs prior to changing the ad- 
dress 


Burst DMA- The DREQ line is sampled on the rising 
edge of 
BClK, 
% 
BClK 
after the address is 
changed on the bus. The DREQ must be synchro- 
nous to BClK. (Figure 8-4.) 


290253-45 
DREQ is sampled 0.5 BCLKs after changing the ad- 
dress 


Figure 8-4 


DACK*" 
<3:0,7:5> 
OUTPUT 
(DMA ACKNOWLEDGE) 
These output lines indicate that a request for DMA 
service from the DMA subsystem has been recog- 
nized or that a 16-bit master has been granted the 


bus. The level of the DACK*" lines when active may 
be programmed to be either high or low. This is ac- 
complished by programming the DMA Command 
register. These lines should be used to decode the 
DMA slave device with the IORC*" or IOWC*" line to 
indicate selection. If used to signal acceptance of a 
bus master request, this signal indicates when it is 
legal to pull MASTER16*" low. If the DMA controller 
has been programmed for a timing mode other than 
compatible mode, and another device has request- 
ed the bus, and a 4 /lostime has elapsed, this line will 
be set inactive and the transfer stopped before the 
transfer is complete. In this case, the transfer will be 
restarted at the next arbitration period in which the 
channel wins the bus. Upon RST these lines are set 
inactive. 


MREQ*" 
<5:0> 
INPUT (MASTER REQUEST) 
These inputs are slot specific signals used by EISA 
bus masters to request bus access. This signal, 
once 
set 
active, 
must 
remain active 
until 
the 
MACK*" line indicates that the bus has been grant- 
ed. The MREQ*" line is to be negated on the falling 
edge of BClK at or slightly before the end of a mas- 
ter transfer. The LA< >, BE< > *", M-IO*", and WfR 
lines should be floated on or before the rising edge 
of BClK after MREQ*" is negated. The end of the 
last bus cycle is determined by the arbiter via the 
activation of ST3 (CIP*,,) which is derived from 
CMD*" in this case. The MREQ*" signals are also 
activated on the falling edge of BClK, they are al- 
ways sampled on the rising edge of BClK. These 
signals are synchronous with respect to BClK and 
are active when low. After driving MREQ*" active, 
the corresponding master must not drive MREQ*" 
active again until 1.5 BClKs after CMD*" is driven 
inactive. 


MACK *" < 5:0> OUTPUT 
(MASTER ACKNOWLEDGE) 
These outputs are slot specific signals used to ac- 
knowledge that an EISA bus master may use the 
bus that it has requested. This signal will go active 
from the rising edge of BClK at which time the bus 
master may begin driving the LA< >, 
BE< > *", 


M-IO#, 
and W/R 
lines on the next falling 
edge of 
BClK. 
MACK # 
will 
remain 
active 
until 
the 
rising 
edge 
of BClK 
when 
MREQ# 
is sampled 
inactive. 
This line is sampled 
by EISA masters 
on the falling 
edge of BClK. 
If another 
device 
has requested 
the 
bus, 
this 
line will 
be set 
inactive 
before 
MREQ# 
goes inactive. 
When the MACK # line goes inactive, 
the granted 
device 
has a maximum 
of 8 IJ-s to re- 
lease the MREQ# 
line and begin a final bus cycle. 
The 
MACK # 
signals 
will go active 
from 
the same 
rising edge of BClK 
that EXMASTER 
# is activated. 
These 
signals are active when low. Upon reset they 
will be set inactive. 


NOTE: 
The 
ISP will 
deassert 
the 
MACK # 
signal 
a minI- 
mum of one 
BClK 
after 
asserting 
it if another 
de- 
vice (or refresh) 
is requesting 
the bus. 


REFRESH# 
I/O TRI-STATED 
(REFRESH) 


This signal 
is bidirectional. 
REFRESH # is used as 
an output 
during a refresh 
to indicate 
that a refresh 
cycle is in progress. 
It should 
be used to enable the 
SA<15:0> 
(or LA<15:2» 
address 
to the row ad- 
dress inputs of all banks of dynamic 
memory 
so that 
when 
MRDC# 
(or CMD#) 
goes 
active, 
the 
entire 
system 
memory 
is refreshed 
at one time. 
Memory 
slaves 
must not drive any data onto the bus during 
refresh 
and 
should 
not 
add wait 
states 
since 
this 
would 
affect 
the 
entire 
system 
throughput. 
As an 
output, 
this 
signal 
is driven 
directly 
onto 
the 
EISA 
bus. This signal is an output 
only when the ISP is a 
master on the bus responding 
to an internally 
gener- 
ated request 
for Refresh. 
Upon RST this pin will tri- 
state. 


REFRESH # 
may 
be driven 
by an expansion 
bus 
adapter 
card acting 
as a 16-bit ISA bus master. 
As 
an input, it is assumed 
to be asynchronous 
with re- 
spect to BClK. 
It will be sampled 
on the falling edge 
of BClK 
and used 
on the following 
rising 
edge 
of 
BClK. 


DHLDA 
INPUT (HOLD ACKNOWLEDGE) 


This signal indicates 
that the system has granted the 
ISP arbitration 
logic the use of the host bus. DHlDA 
is an asynchronous 
signal with respect 
to BClK. 
It is 
sampled 
on the falling 
edge of BClK 
and used on 
the next rising edge of BClK. 
This signal 
is active 
high. 


CPUMISS# 
INPUT (CPU CACHE 
MISS) 


This signal 
from 
the 
host CPU or Cache 
controller 
subsystem, 
indicates 
that a CPU or Cache controller 
bus cycle is pending 
and that the System 
arbitration 
logic in the 
ISP should 
include 
the CPU as a con- 
tender 
in the next bus arbitration. 
This line may be 
tied 
active 
in a cacheless 
system. 
This 
signal 
is 
asynchronous 
with 
respect 
to BClK. 
It is sampled 
on the falling 
edge of BClK 
and used on the next 
rising edge of BClK. 
It is an active 
low signal. 


DHOLD 
OUTPUT 
(CPU HOLD REQUEST) 


This output 
signal is used to request 
control 
of the 
host or differentiation 
bus. In a simple 
system 
this 
would 
be making 
a request 
from the CPU, in a sys- 
tem with a cache, from the cache. This signal is syn- 
chronized 
to the requirements 
of the CPU or cache 
by the EBC. Upon RST this pin is set inactive. 


EMSTR16# 
OUTPUT 
(ISA 16-BIT MASTER) 


This output 
signal 
is used to tell the bus controller 
that an ISA 16-bit master has control 
of the bus. This 
will enable 
the bus controller 
to do the appropriate 
translation 
of signals. 
This signal 
is driven 
active 
1 
BClK 
prior to the BClK 
that the ISA Master DACK # 
signals are driven active, and driven inactive with the 
same 
BClK 
that 
the 
ISA 
DACK # 
signals 
are 
changed 
on. This signal is active 
low. It is set inac- 
tive upon 
RST. EMSTR16# 
from 
the ISP must 
be 
ANDed 
with 
SPWROK 
from 
the 
EBC to generate 
EMSTR16# 
to the EBC so that EBC internal 
signals 
are initialized 
before START # is driven active in the 
first cycle. 


EXMASTER 
# OUTPUT 
(EISA MASTER) 


This output 
signal 
is used to tell the bus cont~oller 
that a new EISA bus master, 
16- or 32-bit, has con- 
trol of the bus. This will enable 
the bus controller 
to 
do the appropriate 
translations 
of signals. This signal 
is both driven 
active 
and inactive 
with the MACK # 
signals 
on the rising edge of BClK. 
Upon RST this 
pin is set inactive. 


8.2 
Signals Used during DMA and 
Register Access 


START# 
INPUT (START 
OF CYCLE) 


This 
signal 
is 
connected 
directly 
to 
the 
EISA 
START #. 
It is used only in slave 
mode to indicate 
the start of a bus cycle. 
It is sampled 
on the rising 
edge of BClK. 


CMD# 
INPUT (COMMAND) 


This signal is connected 
directly to the EISA CMD #. 


CMD# 
is used in slave mode to determine 
when to 
tri-state 
the data buffers after a read cycle. The data 
buffers 
will be floated 
when 
CMD# 
goes 
inactive. 
The 
leading 
edge 
of this signal 
is always 
synchro- 
nous, driven from a rising edge of BClK. 
The trailing 
edge is asynchronous 
only in the case of an ISA bus 
master. 


EOP TRI-STATED 
(END OF PROCESS) 


This 
pin 
is 
bidirectional, 
acting 
in 
one 
of 
three 
modes, 
and is directly 
connected 
to the TC line of 
the ISA/EISA 
bus. In the first mode, EOPIN, the pin 
is an input and can be used by a DMA slave to stop 
a DMA transfer. 
In the second 
mode, 
TCOUT, 
it is 


active 
pulse 
is generated 
when 
the 
byte 
counter 


reaches 
its last value. 
In the third mode, INTOUT, 
it 


indicates 
to 
an 
EISA 
programming 
master 
that 
a 


chaining 
buffer 
has been 
expired 
and a new chain 


buffer 
should 
be programmed. 
The timings 
are as 


follows: 


During 
DMA, 
using Compatible, 
Type A or Type 
B 


transfers, 
the EOP pin is sampled 
by the ISP on the 


rising edge of BClK 
preceding 
the falling 
edge that 


address 
is changed. 
If it is sampled 
active, 
the ad- 


dress 
is tri-stated 
on the falling 
edge of BClK, 
and 


the transfer 
is terminated. 
(Figure 8-5.) 


When using Burst cycles, the EOP is sampled 
at the 


same 
time 
as the 
DREQ 
input, % BClK 
after 
the 


address 
was changed. 
(Figure 8-6.) 


~ 
1 
2 


290253-46 


EOP is sampled 
0.5 BCLKs 
prior 
to changing 
the 
ad- 
dress 


290253-47 


EOP is sampled 
0.5 BCLKs 
after changing 
the address 


In this mode the EOP output behaves 
differently 
de- 


pending 
on 
whether 
or 
not 
the 
channel 
is 
pro- 


grammed 
for Burst mode. 
If the channel 
is not pro- 


grammed 
for 
Burst 
mode, 
the 
EOP output 
will 
go 


active 1.5 BClKs 
after a new address 
has been out- 


put if the 
byte 
count 
expires 
with 
that 
transfer. 
In 


burst mode, EOP is driven active along with address 
since 
some 
transfers 
may only last 
1 BClK 
cycle. 


The EOP (TC) will be active 
until AEN # goes inac- 


tive for both 
Burst 
and non-Burst 
DMA (even 
after 


the address 
is tri-stated), 
except 
in the following 
two 


cases: Case 1-EOP 
(TC) will go inactive 
four BClK 


cycles before AEN # goes inactive during an Autoini- 
tialization 
or Buffer Chaining 
function. 
Case 2-EOP 
(TC) will go inactive 
one BClK 
cycle 
before 
AEN # 


goes inactive 
if the DMA channel 
that is currently 
in 


use is configured 
for Type "B" 
timing. 


In this mode the EOP signal has the same behavior 
as 
the 
Chaining 
Interrupt 
to 
the 
host 
processor 


(IRQ13). 
If a chaining 
buffer 
is expired, 
EOP will go 


active on the falling edge of BClK. 
Only the current- 


ly active channel's 
chaining 
interrupt 
will be reflected 


on this pin. Other 
channels 
with active 
chaining 
in- 


terrupts 
pending 
will not affect 
the EOP pin. 


Whenever 
all the DMA channels 
are not in use, the 


EOP pin is kept in output 
mode and inactive. 


BE<3:0> 
# I/O TRI-STATED 
(BYTE ENABLES) 


BE < 3:0 > # 
are 
the 
byte 
enables 
of 
EISA 
bus. 


BE < 2:0 > # are bidirectional 
and BE3 # is an output 


only. 
In master 
mode 
BE<3:0> 
# are outputs 
and 


are translated 
by the 
EBC to HBE < 3:0 > # or ISA 


signals, 
whichever 
are appropriate. 
In Master 
mode 


the ISP will directly 
drive the EISA bus. The BE lines 


are always tri-stated 
on the T3 BClK. 
The BE lines 


are re-enabled 
by the 
DMA on the falling 
edge 
of 


BClK 
if DRDY 
is sampled 
active 
on the 
previous 


rising edge of BClK. 


inter 


In slave mode 
BE <2:0> 
# are used in conjunction 
with HA < 15:2 > to address 
the ISP's internal 
regis- 
ters. 
BE <2:0 > # 
are 
latched 
on the 
T2 
edge 
of 
BClK. 


HA<31:2> 
I/O TRI-STATED 
(HOST ADDRESS 
BUS) 


These signals are Address 
signals and are connect- 
ed to the host bus. HA<31:20> 
and 
<15:2> 
are 
bidirectional, 
HA < 19:16> 
are output only. In master 
mode they are outputs 
and are used in conjunction 
with BE <3:0> 
# during DMA and Refresh 
cycles. 
In 
slave 
mode 
HA<15:2> 
and 
<31:20> 
are inputs. 


HA<15:2> 
in 
conjunction 
with 
BE<2:0> 
# 
are 
used 
to 
address 
the 
internal 
ISP 
registers. 


HA < 15:2> 
are latched 
with transparent 
latches 
by 
the 
trailing 
(rising) 
edge 
of 
DADS # 
(STO). 


HA<31:20> 
are 
used 
to 
decode 
GT1M#. 
Upon 
RST 
these 
pins 
are tri-stated 
and 
placed 
in input 
Mode. 


HW/R# 
I/O TRI-STATED 
(HOST WRITE/READ) 


This line is bi-directional 
and connects 
to the host 
bus. In slave mode HW/R# 
is an input and is used 
to indicate 
a read cycle when low and a write cycle 
when high. When in slave mode, HW/R# 
is latched 
with transparent 
latches 
by the trailing 
(rising) edge 
of STO (DADS#). 
In master 
mode this pin is an out- 
put and will have the same timings 
as HA<31:2>. 
As an output, 
it is used during 
DMA or Refresh 
cy- 
cles by the EBC to propagate 
the appropriate 
write/ 
read signals 
to the EISA Bus. This pin is placed 
in 
output 
mode 
only 
during 
DMA 
or Refresh. 
cycles. 


Upon 
RST this pin is tri-stated 
and placed 
In Input 
mode. 


GT16M# 
OUTPUT 
TRI-STATED 
(>16 
MBYTES) 


GT16M # is directly 
connected 
to the EBC and indi- 
cates 
that 
the 
DMA 
address 
on HA < > 
is greater 
than OOFFFFFF (16 Mbytes). This signal is an output 
only when the DMA is the bus master, 
it is tri-stated 
otherwise. 


The EBC uses this signal during DMA cycles 
to de- 
termine 
whether 
or 
not 
to 
generate 
ISA 
memory 
command 
signals. 
If 
it 
is 
not 
driven 
by 
another 
source, 
it should be pulled up with an external 
resis- 
tor to keep the node, which 
is an input to the EBC, 
from floating. 
This signal 
has timings 
similar 
to the 
HA<31:2> 
lines. Upon RST it will be tri-stated. 


GT1M# 
OUTPUT 
(> 1 MBYTE) 


GT1 M # is directly 
connected 
to the EBC and indi- 
cates when the address on the HA < > address 
lines 
is greater 
than OOOFFFFFh (1 Mbyte). 
It is decoded 
by the ISP from the HA<31:20> 
bus and is used by 
the 
bus 
controller 
to 
control 
the 
SMRDC# 
and 
SMWTC# 
signals. 
Its timing is a combinatorial 
delay 
from 
HA <31 :20> 
in all cycles. 
Upon RST its state 
depends 
on the state of the address 
bus. 


RST INPUT (SYSTEM 
RESET) 


This signal is connected 
directly to the EBC and indi- 


cates that the ISP should 
initialize 
all of Its registers 
and state machines 
as well as driving the RSTDRV 
output 
active. 
This 
signal 
is asynchronous 
with 
re- 
spect 
to 
BClK 
and 
must 
have 
a minimum 
active 


pulse width for eight BClKs. 
3.5 BClKs 
are required 
from the inactive 
edge of RST to the T2 edge of the 
first slave cycle to the ISP. 


BCLK INPUT (BUS CLOCK) 


This signal is used as the main clock 
reference 
for 
the ISP and the EISA bus. BClK 
is tied directly 
to 


the BClK 
output 
of the EBC. The EBC divides 
the 
Host CPU Clock (HClKCPU) 
by an appropriate 
num- 


ber to generate 
BClK. 
The normal frequency 
range 
of BClK 
is 8.00 MHz to 8.333 
MHz with a normal 
duty 
cycle 
of 50%. 
The 
high 
or low time 
can 
be 
stretched 
by the EBC for synchronization 
purposes, 


(REFER 
TO THE EBC DATA SHEET). 


ST<3:0> 
I/O 
TRI-STATED 
WITH 
WEAK 
PUllUP 
(DMA STATUS) 


These 
are synchronous 
bidirectional 
control 
signals 


between 
the ISP and the EBC. These 
pins are out- 


put during 
DMA 
and 
refresh 
cycles. 
They 
indicate 
what 
type 
of timing 
has been 
programmed 
for the 


current cycle and the size of the I/O device involved 
in the DMA transfer. 
The EBC takes 
STO-ST3 
and 
generates 
the appropriate 
command 
signals for the 
ISP. The 
command 
signals 
generated 
from 
STO- 
ST3 are used to control 
the timing of the cycle. 
Dur- 
ing cycles where the ISP is in slave mode, these pins 
are inputs. All of these 
pins have weak pullup resis- 


tors to sustain 
a high level when neither the EBC or 


ISP are driving the signals. 
Their definition 
is as fol- 


lows: 


ST1 
STO 
DMA Cycle Timing 


0 
0 
Compatible 
Cycle Timing 
0 
1 
Type A Timing 
1 
0 
Type B Timing 
1 
1 
Burst Timing 


These 
signals 
always 
transition 
on the falling 
edge 


of BClK. 


ST2 
DMA Slave Size or 
ST3 
Idle Indication 


0 
0 
8-Bit 
0 
1 
16-Bit 
1 
0 
32-Bit 
1 
1 
Idle 


These 
signals 
will 
always 
go active 
on the 
falling 
edge 
of BClK. 
They 
will go inactive 
on the falling 
edge of BClK 
after the last DMA transfer, 
or on the 


rising 
edge 
of 
BClK 
if a page 
break 
is detected 


(burst 
mode) 
or the transfer 
is about 
to end (burst 
mode). 


STO has the DMA address 
strobe function. 
This sig- 
nal is used to latch the address 
and status informa- 
tion on the host bus. Specifically 
the signals latched 
with this signal 
are HA<15:2>, 
ST1 (M/lO#) 
and 
HW /R #. These 
signals 
have a setup and hold time 
around 
the rising edge of STO. The leading 
edge of 
STO also has a setup time to BClK 
at T2. 


ST1 
is the 
memory 
or I/O 
indicator 
pin (M/IO#), 
1 = Memory 
Cycle, 
0 = I/O 
Cycle. 
This 
signal 
is 


latched 
by the rising edge of STO. 


ST2 
is 
the 
Interrupt 
Acknowledge 
pin 
(INTA#). 
When 
ST2 = 0, the 
cycle 
is an Interrupt 
Acknowl- 
edge. 
When 
ST2 = 1, the cycle 
is not an Interrupt 
Acknowledge. 
This signal 
is sampled 
by the ISP in 
slave mode at the T2 BClK 
edge. It has a setup and 
hold time with respect 
to that BClK 
edge so it must 
not be pipelined 
along with the HA lines. Only non- 
ISA masters 
can run interrupt 
acknowledge 
cycles. 


Only the 
host 
CPU 
has the 
control 
signals 
to run 
interrupt 
acknowledge 
cycles. ST2 must be tied high 
with a 1.2K pullup resistor. 


ST3 is the cycle 
in progress 
pin (CIP#). 
This is an 
indication 
to the ISP System 
Arbiter 
that there 
is a 
bus cycle in progress. 
It is used to detect 
when the 
bus is free after an EISA master gives it up by driving 
MREQ# 
inactive. 
This 
signal 
is sampled 
on rising 
edges of BClK. 


These pins are output only when the DMA is the bus 
master 
or during 
Refresh 
cycles. 
Upon 
RST these 
pins are tri-stated 
and placed 
in input Mode. 


OROY I/O TRI-STATED 
WITH WEAK 
PUlLUP 
(READY 
SIGNAL) 


This pin is an output 
in slave mode and an input in 
master mode. In slave mode it is used by the EBC as 
an end of cycle indicator 
and is used to combinatori- 
ally drive CHRDY. 
DRDY is actively 
driven only when 
the ISP detects 
a slave cycle to one of its registers. 
At all other times it is sustained 
in a high state inter- 
nally by a very weak pullup resistor. 
It is actively driv- 
en from the T2 edge of BClK 
of an ISP cycle 
that 
requires 
more than a two BClK 
wide CMD# 
pulse 
width when an ISA device 
is the bus master. 
DRDY 
will not be driven 
low when the bus master 
is either 


the host CPU or an EISA master. 
If DRDY is driven 
low, it will be kept low for four BClKs 
after the T2 
edge of BClK. 
It will then be driven 
high off the ris- 
ing edge 
of BClK. 
The 
DRDY 
output 
buffer 
is en- 
abled 
at T2 and disabled 
as a result of an inactive 
CMD# 
after T4A. DRDY will be asynchronously 
dis- 
abled upon the inactive 
edge of CMD#. 


In master 
mode 
DRDY 
is used 
to indicate 
to the 
DMA controller 
that the current 
cycle 
is completed 
(DMA-READY) 
and that the DMA controller 
should 
pipeline 
addresses 
for Burst DMA transfers 
(START- 
PIPELINING). 
In master 
mode, 
DRDY, 
is sampled 
2.5 
BClK 
periods 
after 
ST < 3:2 > 
are driven 
to a 
non-idle 
state 
from 
an 
idle 
one. 
This 
indicates 
START-PIPELINING. 
If DRDY 
is sampled 
high 
at 
this point, the DMA controller 
begins 
address 
pipe- 
lining. Pipelining 
is stopped 
at a page break or at the 
end of a transfer. 
DRDY is then sampled 
on the next 
BClK 
rising edge and on all subsequent 
BClK 
rising 
edges until ST<3:2> 
go to idle, to determine 
DMA- 
READY. 
If the DMA is pipelining 
addresses, 
DRDY 
will 
be 
sampled 
until 
active 
one 
last 
time 
after 
ST < 3:2 > go to the idle state 
(to complete 
the last 
DMA cycle). Upon RST this pin is tri-stated 
and must 
be tied high with a 2.4K pull up resistor. 


0<7:0> 
I/O TRI-STATED 
(DATA 
LINES) 


This bidirectional 
bus is the ISP's slave 
mode 
data 
bus. 
In master 
mode 
the data 
lines 
are not 
used. 


These pins are output only when CSOUT # is active 
during 
I/O 
read 
or 
Interrupt 
Acknowledge 
cycles. 


That 
is only when 
the ISP is being 
accessed 
as a 
result 
of 
an 
I/O 
read 
or 
Interrupt 
Acknowledge. 


These 
pins are inputs 
during 
an I/O 
write 
cycle 
to 
the 
ISP's 
internal 
registers. 
Upon 
RST these 
pins 
are tri-stated 
and placed 
in input mode. 


This bus needs to be externally 
buffered 
to provide 
adequate 
drive to the EISA bus. In ISP master mode, 
this bus is not used. 
Upon 
RST these 
pins are tri- 
stated 
and placed 
in input Mode. 


CSOUT# 
OUTPUT 
(SLAVE 
MODE SELECTED) 


This output 
signal from the ISP indicates 
when 
the 
ISP is being accessed 
in slave mode. CSOUT # will 
go active from the rising edge of BClK 
at T2 after a 
slave cycle to' or from the ISP has been detected. 
It 
will not be active 
prior to that, Le., between 
TO and 
T2. CSOUT # is deactivated 
as a result of an inac- 


tive 
edge 
of CMD #, this 
is done 
asynchronously. 


CSOUT # will also be active 
during 
all interrupt 
ac- 


knowledge 
cycles. CSOUT # should be used to con- 
trol 
the 
output 
enable 
of an 
EISA 
local 
data 
bus 
transceiver. 
This pin is always 
an output. 
Upon Re- 
set it will be inactive 
(high). 


inter 


AEN# 
OUTPUT 
(ADDRESS 
ENABLE) 


This 
output 
signal, 
when 
inactive 
(high), 
indicates 
that the CPU or another 
EISA or ISA bus master has 
control 
of the bus. When active (low), the DMA con- 
troller 
has control 
of the bus. AEN # will also go ac- 
tive during Refresh 
cycles. 
AEN # is used to disable 
I/O 
devices 
which 
must not respond 
during a DMA 
cycle. This signal is further 
processed 
by the system 
board to form the slot specific 
AEN # signals. 
Upon 
RST this pin is set inactive. 
. 


8.3 
Signals Used during an Interrupt 
Sequence 


IRQ < 15:3,1> 
INPUT (INTERRUPT 
REQUEST) 


The active 
polarity 
of these 
inputs 
depends 
on the 
programming 
of the two 
ElCR 
registers. 
Only the 
EISA bus interrupts 
may be programmed 
for active 
low operation 
in the ElCR 
registers, 
all other 
inter- 
rupts will always 
be edge-triggered. 
If an interrupt 
is 
programmed 
for 
active 
low 
operation 
and 
shared 
with 
open 
collector 
drivers, 
an external 
pullup 
will 
need to be included 
to restore 
the inactive 
high lev- 
el. Upon RST, the IRQ lines will be placed 
in edge- 
triggered 
mode. 


The IRQ inputs must remain active until after the first 
falling 
edge 
of INTA(ST2#). 
If the 
IRQ input 
goes 
inactive 
before 
this time, a DEFAULT 
IR7 will occur 
when the CPU acknowledges 
the interrupt. 
(Refer to 
Section 
5.14.7.) 


INT OUTPUT 
(CPU INTERRUPT) 


This signal is driven by the ISP's interrupt 
controller 
subsystem 
to signal 
the 
CPU that 
an Interrupt 
re- 
quest 
is pending 
and 
needs 
to 
be serviced. 
It is 
asynchronous 
with respect 
to BClK 
and is always 
an output. For i486 CPU systems, 
INT must be exter- 
nally latched 
from the ISP until an Interrupt 
Acknowl- 
edge cycle 
occurs. 
INT will remain 
active 
until after 
the first INTA(ST2#) 
pulse. 
Upon RST the state of 
this pin is undefined. 


8.4 
Counter/Timer, 
NMI and 
Miscellaneous 
Utility Signals 


OSC INPUT (COUNTER 
CLOCK) 


This is a 14.31818 
MHz input clock 
for use by the 
timers. This clock is divided by 12 and 48 to form the 
ClK 
input on several 
of the counters. 
It is asynchro- 
nous with respect 
to BClK. 


IOCHK# 
INPUT (I/O 
CHECK 
BUS ERROR) 


This input signal comes 
from the ISA bus. It is used 
for parity 
errors 
on memory 
cards 
plugged 
into the 
bus, and for other 
high priority 
interrupts. 
The sys- 
tem board needs a pullup resistor 
to keep this signal 
inactive 
when 
it is not being driven 
active 
by some 


device. 
The active 
level of this signal will generate 
an NMI if this function 
is enabled 
in Port 061 h. For 
example, 
if 10CHK # is active and Port 061 h, bit 3 is 
set to 1 (inactive) 
no NMI will be caused, 
however, 
when Port 061 h bit 3 is set to 0 (active) 
an NMI will 
be caused, 
providing 
that the 10CHK# 
input is still 
active and Port 070h bit 7 is enabled 
(0). This signal 
is asynchronous 
with respect 
to BClK. 


RSTDRV 
OUTPUT 
(SYSTEM 
BUS RESET) 


This output signal is used by the EISA bus to disable 
and 
reset 
all installed 
adapters. 
More 
specifically, 


ISA/EISA 
bus masters 
and DMA devices 
must 
re- 
lease 
and 
stop 
requesting 
the 
bus 
until 
repro- 
grammed 
by the system. 
Any drivers 
that 
are con- 
nected 
to the system 
bus must be tri-stated 
by this 
signal. 
In 
addition 
to 
being 
activated 
by 
RST, 
RSTDRV 
can be activated 
by a write to port 0461h 
or a bus timeout. 
A bus timeout 
will occur if an EISA 
bus master 
exceeds 
its allowable 
8 fJostime on the 
bus after being requested 
to get off by the removal 
of its MREQ#. 
Once 
the 
RSTDRV 
is activated 
by 
the 
bus timeout, 
the timed 
out master 
will release 
the bus allowing 
the host CPU to gain control 
of the 
system. 
A Bus 
Timeout 
will 
also 
occur 
upon 
the 
timeout 
of the 32 fJosCMD# 
active timer. This output 
drives the EISA bus directly 
and has a 24 mA drive 
capability. 
RSTDRV 
will remain active as long as the 
source 
of the Bus Reset is active. 


NOTE: 
The 
8x42 
Keyboard 
Controller 
requires 
clocks 
(ClKKB) 
before 
the 
end 
of 
RSTKBD# 
(keyboard 
reset pulse) for keyboard 
reset to occur. 
To ensure 
that 
RSTKBD# 
has been 
driven 
inactive 
after 
the 
EBC has begun 
generating 
ClKKB; 
RSTDRV 
and 
RSTCPU 
are 
logically 
NANDed 
to 
generate 
RSTKBD# 
for the 8x42. 


PARITY # INPUT (PARITY 
ERROR) 


This 
signal 
is the 
main 
memory 
parity 
error 
input 
from 
the system 
board. 
The system 
board 
reports 
any parity errors from its memory 
system on this line. 
The active edge of this signal will generate 
an NMI if 
this function 
is enabled 
in Port 061 h. For example, 
if 
PARITY # is active 
and Port 061 h, bit 2 is set to 1 
(inactive) 
no 
NMI 
will 
be caused, 
and 
when 
Port 
061 h, bit 2 is set to 0 (active) 
an NMI will not be 
caused 
even if Port 070h bit 7 is enabled 
(0). Anoth- 
er active 
edge on the PARITY # line would 
need to 
be detected 
in order to generate 
an NMI. This signal 
is asynchronous 
with respect 
to BClK. 


NMI OUTPUT 
(NON-MASKABlE 
INTERRUPT) 


This signal from the NMllogic 
is used to force a non- 


maskable 
interrupt 
to the CPU. The CPU registers 
an NMI when 
it detects 
a rising edge on NMI. NMI 
will remain active until a read from the CPU to one of 
the NMI registers 
is detected 
by the ISP. This signal 
is set to low upon RST. 


SPKR OUTPUT 
(SPEAKER 
DRIVE) 


This signal is the output of timer 1, counter 
2 and is 
"AN Oed" 
with 
Port 061 h bit 1 to provide 
Speaker 
Data 
Enable. 
This signal 
is to be used to drive 
an 
external 
speaker 
driver device, 
which, 
in turn drives 
the EISA system 
speaker. 
SPKR has a 24 mA drive 
capability. 
Upon reset, its output 
state is undefined. 


SLOWH # OUTPUT 
(SLOW 
DOWN 
HOST CPU) 


This output 
signal 
is from the CPU slowdown 
timer 
counter 
OUT, 
timer 
2/counter 
2. This 
counter 
is 
used 
to slow 
down 
the 
main 
CPU 
by pulse 
width 
modulation 
of its execution 
via the CPU's HOLD pin. 
When the first read is done to an I/O register 
in the 
48h-4Bh 
range, the SLOWH # pin will be released 
to follow 
the output 
of the SLOWH # timer counter. 


Counter 
2 is triggered 
by the refresh-request 
signal 
generated 
from 
timer 
1/ counter 
1. 
Upon 
RST, 
SLOWH # will be set inactive 
(high). 


NOTE: 
Refresh 
cycles 
will 
not 
necessarily 
be 
generated 
during 
the time 
the SLOWH # signal 
is active, 
the 
Arbiter 
will determine 
when the refresh 
cycle will be 
placed 
on the bus. 


RTCALE 
OUTPUT 
(REAL TIME CLOCK 
LATCH 
ENABLE) 


This active 
high output signal is provided 
by the ISP 
to 
latch 
the 
appropriate 
memory 
address 
into 
the 
Real Time Clock. 
A write 
to port 070h with the ap- 
propriate 
Real Time Clock memory 
address 
that will 
be written 
to or read from, will cause RTCALE 
to go 
active. RTCALE will go active from the rising edge of 
BCLK 
at T2 and will remain 
active 
for 
1.5 BCLKs. 
The 
address 
is 
latched 
on 
the 
falling 
edge 
of 
RTCALE. 
Upon RST this pin is set inactive. 
(Figure 
8-7.) 


inter 


The following 
general 
notes apply to all of the Basic Function 
timing diagrams: 
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Bus cycles 
illustrated: 


a: Single 
Cycle 
DMA 
c: Demand 
Mode 
DMA, cycle 
terminated 
with DRDY 


c + 1: Demand 
Mode 
DMA, cycle 
terminated 
by either 
EOP or DREQ, Type 
B cycle 


NOTE: 
Type 
"B" 
Trailing 
Edge of AEN# 
is delayed 
one cycle. 
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Bus Cycles 
illustrated: 
AO: First DMA cycle 
of Burst, A 1 address 
pipelined, 
0 waitstate 
A 1: 2nd cycle 
of Burst, A2 address 
pipelined, 
1 waitstate 
A2: Continuation 
of Burst, A3 address 
pipelined, 
0 waits tate 
A3: End of Burst (A4 not in same page), A4 address 
pipelined, 
0 waitstate 
A4: Start of Burst, A5 pipelined, 
0 waitstate 
A5: AG pipelined, 
0 waitstate 
AG: A7 pipelined, 
0 waitstate 
A7: AS pipelined, 
0 waitstate 
AS: A9 pipelined, 
1 waitstate 
A9: Last DMA cycle, 
EOP sampled, 
DREQ sampled, 
1 waitstate 
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Bus Cycles 
illustrated: 
AO: First DMA cycle, 
Burst Slave, 
non-Burst 
memory, 
0 waitstate 
A1: 1 waitstate, 
page break 
(A2 not in same page) 
A2: Start of Burst, A3 address 
pipelined, 
0 waits tate 
A3: A4 pipelined, 
0 waitstate 
A4: A5 pipe lined, 0 waitstate 
A5: A6 pipelined, 
0 waitslale 
A6: A7 pipelined, 
0 wailslale 
A7: A8 pipelined. 
0 wailstale 
A8: Lasl 
DMA cycle, 
EOP sampled. 
DREQ sampled, 
0 wailslate 
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Bus Cycles 
illustrated: 


AO: First DMA cycle, 
A 1 pipelined, 
0 waitstate 
A 1: A2 pipelined, 
0 waitstate 
A2: A3 pipelined, 
0 waitstate 
A3: A4 pipelined, 
1 waitstate 
A4: End of Burst (A5 not in same page), 
A5 pipelined, 
0 waitstate 
A5: Burst 
DMA slave, 
non-Burst 
Memory, 
0 waitstate 
A6: Last DMA cycle, 
EOP sampled, 
DREQ sampled, 
1 waitstate 
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Cycles 
illustrated 
1) CPU Cycle 
2) Refresh 
Cycle 
3) CPU Cycle 
4) DMA Demand 
Mode Transfer, 
two Transfers, 
DREQ 
Inactivated 
5) CPU Cycle 
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Cycles 
illustrated 
1) CPU Cycle 
2) DMA Block 
Mode, 
TC Terminated, 
two Transfers 
3) CPU Cycle 
4) ISA Master 
5) CPU Cycle 
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Cycles 
illustrated 
1) CPU Cycle 
2-4) 
ISA Master 
Cycle. 
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Generates 
REFRESH", 
ISA Master 
Cycle 
5) EISA Master 
Cycle 
6) CPU Cycle 
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Cycles 
illustrated 
1) CPU Cycle 
2) ISA Master 
3) Single 
Cycle 
DMA, Bus Returned 
to CPU 
4) Demand 
Mode 
DMA 
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Cycles 
illustrated 
1) CPU Cycle 
2) EISA Master1 
3) EISA Master2 
4) Demand 
Mode 
DMA, Type 
"A" 
5) EISA 


Cycles 
illustrated 
1) Matched 
EISA Bus Cycle 


2) Mismatched 
EISA Bus Cycle, 
EISA Master 
Drops 
MREQ, 
Bus Controller 
Drops CIP# 
during 
Redrive 


l'lU II'-'t:: 
I n1S oata sneet contains 
preliminary 
Infor· 


mation on new products in production. The specifica- 
tions are subject to change without notice . 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause permanent 
damage. 


These are stress ratings 
onty. Operation 
beyond 
the 
"Operating 
Conditions" 
is not recommended 
and ex- 
tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


Case Temperature 
Under Bias .. - 65·C to + 
110·C 


Storage Temperature 
- 65·C to + 150·C 


Supply Voltages 
with 
Respect 
to Ground 
-0.5V 
to Vcc 
+ 6.5V 


Voltage On Any Pin 
-0.5V 
to VCC + 0.5V 


10.2 
D.C. Specification 
Tables 


Tc = O·C to + 85·C, vcc 
= 5V ±5% 


TA = O·C to +70·C 


Symbol 
Parameter 
Limits 
Units 
Test 


Min 
Max 
Conditions 


VIL 
Input Low Voltage 
-0.5 
0.8 
V 


VIH 
Input High Voltage 
2.0 
Vcc 
+ 0.5 
V 


VILC 
BCLK Input Low 
-0.5 
0.8 
V 


VIHC 
BCLK Input High 
VCC - 
0.8 
VCC + 0.5 
V 


Vou 
Output 
Low Voltage 
0.45 
V 
IOL = 5mA 


VOH1 
Output High Voltage 
2.4 
V 
IOH = -1 
mA 


VOL2 
Output Low Voltage 
0.45 
V 
IOL = 24 mA(1) 


VOH2 
Output High Voltage 
2.4 
V 
IOH = - 4 mA(1) 


VOL3 
Output Low Voltage 
0.45 
V 
IOL = 1 mA(1) 


VOH3 
Output High Voltage 
2.4 
V 
IOH = -250 
p.A(1) 


IU1 
Input Leakage 
±15 
p.A 
OV < VIN < Vcc 


IU2 
Input Leakage 
+15 
p.A 
VIN = Vcd2) 


IU3 
Input Leakage 
-45 
-240 
p.A 
VIN = 2.4V(2) 


ILO 
Output Leakage 
±15 
p.A 
0.45 < VIN < Vcc 


Cap 
Cap. In, Out, I/O 
12 
pF 
@ 1 MHz(3) 


CCLK 
BCLK Cap. 
20 
pF 
@ 1 MHz(3) 


Icc 
Vcc Supply Current 
200 
mA 
BCLK = 8.3 MHz 
VIL = OV 
VIH = 4V 


NOTES: 
1. VOL2and VOH2apply only to the signals that directly drive the EISA bus and are not slot specific. These are: RSTDRV, 
REFRESH#, EOP, and BE<3:0> 'I. 
VOL3 and VOH3 apply only to the signals that do not drive onto buses in the system. These are: INT, EMSTR16'I, EX- 
MASTER#, NMI, SLOWH#, GT16M#, GT1M#, DHOLD, AEN#, DRDY, ST<3:0>, 
and CSOUT#. All other outputs use 


VOl1 and VOH1· 
2. 1112and 1113apply only to those pins that include a weak sustaining pullup transistor. These are: ST<3:0>, 
DRDY and 
IROB'I. All other 10 and inputs should use ILl1. 
3. Sampled only. 


inter 


The AC. specifications given in the following tables 
consist of output delays and input setup and hold 
requirements. The AC. diagram's purpose is to illus- 
trate the clock edges and specific signal edges from 
which the timing parameters are measured. The 
reader should not infer any other timing relationships 
from them. For specific information on timing rela- 
tionships between the signals, refer to the appropri- 
ate functional and pin definition sections. 


The following timing definition points are to be used 
as a reference when reading the AC. Characteristic 
Tables. 


EISA Bus Cycle/BCLK timing definition points. 
TO 
= Rising edge of BCLK at the beginning of 


START# active. 


T1 
= Falling edge of BCLK at the middle of 


START# active. 
T2 
= Rising edge of BCLK at the beginning of 


CMD# active. 


T3 
= The first falling edge of BCLK after CMD# 


goes active. 


T4A = The first rising edge of BCLK after CMD# 


goes active. 


T4 
= Rising edge of BCLK at the end of a cycle 


(CMD# inactive edge). 


T5 
= The first falling edge of BCLK after CMD# 


goes inactive. 


TO 
T1 
T2 
T3 
T4A 
T4 
T5 


I 
I 
I 
I 
I 
I 
I 


BCLK 


""'* ~ I~I ' 
~ 
~ 
cI,m, 


290253-63 


TC = O°C to + 85°C, VCC = 5V ±5% 


TA = O°C to +70°C 


Symbol 
Parameter 
Min 
Max 
Unit 
Notes 


CLOCK, OSC TIMING 


BCLK Period 


.. 


T1 
Period 
120 
ns 
@ 1.5V 


500 
ns 
Not an ISP Slave Cycle 
170 
ns 
ISP Slave Cycle 
T2a 
High Time 
55 
ns 
@2.0V 


T2b 
Low Time 
55 
ns 
@0.8V 


OSC 
T77 
Period 
65 
70 
ns 
For Asynchronous 
OSC 
@ 1.5V 


T78a 
High Time 
20 
ns 
@2.0V 


T78b 
Low Time 
20 
ns 
@0.8V 


SLAVE MODE TIMING 


HA<15:2>,ST<2:1 
> 


T3a 
Setup Time 
80 
ns 
ToT2 
BCLK 


STO 
I' 


T3b 
Setup Time 
55 
ns 
ToT2 
BCLK 


HA < 15:2> ,ST1,HW/R# 
T4 
Setup Time 
30 
ns 
To STO Rising Edge 
T5 
Hold Time 
10 


I 


To STO Rising Edge 
ns 


BE<2:0> 
#,HW/R# 
T6a 
(BE)Setup 
Time 
60 
ns 
To T2 BCLK 
T6b 
(HW/R#)Setup 
Time 
40 
ns 
To T2 BCLK 


BE<2:0> 
#,ST2 
T7 
Hold Time 
30 
ns 


START # 
T8 
Setup Time 
30 
ns 
T9 
Hold Time 
0 
ns 


Data (Write) 
T10 
Setup Time 
10 
ns 
ToT4a 
BCLK 
T11 
. Hold Time 
5 
ns 
To T4 BCLK 


Data (Read) 
T12 
Delay Valid 
60 
ns 
Prior To T4 BCLK 


T13 
Float 
40 
ns 
From CMD #, Xcvr Must Meet EISA 35 ns 


CSOUT# 


T14 
Delay Active 
35 
ns 
From BCLK Rising Edge 


T15 
Delay Inactive 
40 
ns 
From CMD# 
Rising Edge 


DRDY 
T16 
Delay Active/Inactive 
45 
ns 
From BCLK Rising 
T17 
Float 
45 
ns 
From CMD# 
Rising Edge.(1) 


CMD# 
T18 
Setup Time 
90 
ns 
Sync (Active/Inactive) 
T19 
Hold Time 
0 
ns 
Sync (Active/Inactive) 


Symbol 
Parameter 
Min 
Max 
Unit 
Notes 


DMA MASTER TIMING 
J, 


HA<31:2> 
,HW/R#,GT16M# 
T22a 
Delay Valid 
1 
35 
ns 
Initial Address, 
HW/R#, 
GT16# 
T22b 
Delay Valid 
1 
30 
ns 
Subsequent 
Addresses(1) 


T23 
Float 
1 
30 
ns 


ST<3:0> 


T24 
Delay Active/Inactive 
4 
37 
ns 
T25 
Float 
1 
40 
ns 
(1) 


ST<3:2> 


T26 
Delay Inactive 
4 
37 
ns 
Burst Cycle/Page 
Break 


DRDY 
T27 
Setup Time 
20 
ns 
T28 
Hold Time 
15 
ns 


AEN# 
T29 
Delay Active/Inactive 
40 
ns 


BE<3:0> 
# 
T30 
Delay Valid 
45 
ns 
Direct to EISA to Meet Burst Timings 
T31 
Float 
45 
ns 
Float from T3 BCLK.(1) 


EOP 
T32 
Delay Active 
40 
ns 
Non-Burst 
T33 
Delay Active/Inactive 
40 
ns 
T34 
Float from DACK 
30 
ns 
From DACK Active.(1) 
T35 
Setup Time 
15 
ns 
Sync (Burst Mode) 
T36 
Hold Time 
15 
ns 
Sync (Burst Mode) 
T37 
Setup Time 
15 
ns 
Async (Non-Burst) 
T38 
Hold Time 
15 
ns 
Async (Non-Burst) 


ARBITER 
TIMING 


DREQ 
T39 
Setup Time 
15 
ns 
Sync (Trailing Edge) 
T40 
Hold Time 
15 
ns 
Sync (Trailing Edge) 
T41 
Setup Time 
15 
ns 
Async (Leading/Trailing 
Edge) 
T42 
Hold Time 
15 
ns 
Async (Leading/Trailing 
Edge) 


MREQ# 
T43a 
Setup Time 
17 
ns 
BCLK Rising 
T43b 
Setup Time 
80 


. 
, 


BCLK Falling, 0.5 BCLKs after T43a 
I 
ns 
T44 
Hold Time 
15 
ns 


CPUMISS# 
Asynchronous 


I 


T45 
Setup Time 
15 
ns 
T46 
Hold Time 
15 
ns 


DHLDA 
Asynchronous 
T47 
Setup Time 
15 
ns 
T48 
Hold Time 
15 
ns 


DACK# 
T49a 
Delay Active/Inactive 
50 
ns 
240 pF (ISA Masters) 
T49b 
Delay Active/Inactive 
50 
ns 
240 pF (DMA Devices) 


MACK# 
T50 
Delay Active/Inactive 
40 
ns 


DHOLD 
T51 
Delay Active/Inactive 
40 
ns 


- 
&~.,~ 
EMSTR16# 
T52 
Delay Active/lnactive 
40 
ns 


EXMASTER# 
T53 
Delay Active/Inactive 
40 
ns 


ST3 (GIP#) 
T54 
Setup Time 
25 
ns 
T55 
Hold Time 
15 
ns 


REFRESH 
TIMING 
, 


REFRESH# 
T56 
Delay Active 
55 
ns 
T57 
Float Inactive 
55 
ns 


REFRESH# 
Asynchronous 
T58 
Setup Time 
15 
ns 
T59 
Hold Time 
15 
ns 


RESET TIMING 


RST 
Asynchronous 
T60 
Active Pulse Width 
1000 
ns 
8 BGLKs 


RSTDRV 
T61 
Delay Active 
60 
ns 
Bus Timeout 
T62 
Delay Active 
60 
ns 
Port/RST 
T63 
Delay Inactive 
60 
ns 


NMITIMING 


NMI 
T64 
Delay Active/Inactive 
60 
ns 
From BGLK Falling Edge 
T65 
Delay Act 
200 
ns 
From aSG Rising Edge 


PARITY#,laGHK# 
Asynchronous 
T66 
Setup Time 
15 
ns 
T67 
Hold Time 
15 
ns 


INTERRUPT 
TIMING 


INT 
T68 
Delay Active/Inactive 
500 
ns 
From IRQ Active/Inactive 
T69 
Delay Active/Inactive 
500 
ns 
From aSG Rising Edge 
T70 
Delay Active/Inactive 
500 
ns 
From BGLK Falling Edge 


COUNTER/TIMER 
TIMING 


SPKR 
T71 
Delay Active/Inactive 
200 
ns 
From aSG Rising Edge 
T72 
Delay Active/Inactive 
100 
ns 
From BGLK Falling Edge 


SLaWH# 
T73 
Delay Active/Inactive 
200 
ns 


RTCALE, 
GTIM# 
TIMING 


RTGALE 
T74 
Delay Active 
55 
ns 
T75 
Delay Inactive 
40 
ns 
GT1M# 
T76 
Delay Active/Inactive 
50 
ns 


NOTE: 
1. Sampled, 
not 100% 
tested. 


inter 


A.C. TEST 
LOADS 
CL = 
240 
pF 
on 
RSTDRV, 
BE<3:0> 
#, 
RE- 
FRESH#,EOP 


CL = 
50 pF on DHOLD, 
GT1M#, 
GT16M#, 
ST<3:0>, 
EMSTR16#, 
EXMASTER#, 
CSOUT#, 
INT, SLOWH#, 
NMI, DRDY, 
AEN #, SPKR, and RTCALE 


CL = 
120 
pF 
on 
all 
other 
pins 
(MACK < 5:0 > # , 
D<7:0>, 
HA<31:2>, 
DACK#) 


82357 
OUTPUT~ 


, 
~CL 


In the following 
timing 
illustrations 
(10.2.1-10.2.10) 
"SET" 
refers 
to setup 
time 
and 
"HOLD" 
refers 
to 
hold time. 
The 
remaining 
timings 
are either 
output 
delay (valid, active/inactive 
edges) 
or float timings. 


A.C. Testing: 
All non-clock 
Inputs are driven 
at 3V 
for a logic "1" 
and OV for a logic "0". 
A.C. Timings 
referenced 
to a BCLK edge are measured 
from the 
2V level on the clock to the 1.5V level on the signal 


under 
test. 
All 
signals 
referenced 
to 
a non-clock 
edge 
are measured 
from 
1.5V to 
1.5V; except 
as 
noted by the following: 


(1) BCLK high time 
(T2a) measurement 
is made at 


2.0V 


(2) BCLK 
low time 
(T2b) 
measurement 
is made 
at 
a.8V 


(3) OSC high time (T78a) 
measurement 
is made 
at 
2.0V 


(4) OSC low time 
(T78b) 
measurement 
is made 
at 
0.8V 


5V~ 
8CLK 
~ 
ov 
~(A)-----I 


3.0V :::Y< 
>-e:: 
-1.5V 
ov 
--------------' 


~ 
I' 
(8)~(C)::;::::j 
3,:::::y(- 
1.SV 
1.5V ->LC:: 


(A) Output 
delay spec referenced 
to either a BCLK rising or a BCLK falling edge. 


(B) Minimum 
input setup spec referenced 
to either a BCLK rising or a BCLK falling edge. 


(C) Minimum 
input hold spec referenced 
to either a BCLK rising or a BCLK falling 
edge. 


NOTE: 
The input waveforms 
have a t, ,;; 2.0 ns from 0.8V to 2.0V. 


•• 


inter 


~T5:::j 
-----------~-5"-"'-J] 


SET 


T60. T6b 


SET 


T7 


T8 


SET 


T18 


SET 
--fTl0 
SET 
~ 
~ 


inter 


HA<31:2> 
HW/R#. 
GT16t.l# 
•• 


"--' r 
@)@}fSn nrMlnOO £@}\V7 


BCLK 


DR EO (SYNC) 


DREO 
(ASYNC) 


IolREO# 


ST3 


IolACK# 


DHOLD 


EIolSTR16# 


EXIolASTER# 


CPUIolISS# 


DHLDA 


DACK 


290253-70 


inter 


'~'=5 


T56 
"""'" 
'--t,~"","--'-_-_ 


I~ 
I 
T5~ 
T59~ 


REFRESH 
I ---- 
SET ~OLD ~-' 
-------- 


RST--1:------T60-----~}~-- 


BCLK 
CT61:{' 
_ 


RSTDRV ------ 
'b",.L~::':::: 


B:~~ 
=--/===========~=======: 


PARITYI.IOCHKI 
,'"/" 
--t"'1 


Nt.41 


II 


inter 


IRo 
__ 
t;_T68=t=: 


INT ---------- 


OSC/12 
CT6_9~ 


INT ---------- 


BCLK__ 
/_~_T70QcI 


INT ----------- 


OSC/12 
t__ 
T7_,=* 
_ 


SPKR ------- 
------- 


BCLK__ 
I 
b_T7_2~ 


SPKR ---------- 


BCLK_/ 
_h_T733- 


SLOWHN --------------'f-- 


-L,~======t;,'3r 


inter 


Name 
Type 
Pin 
Interface 
Description 


The following 
pins are used by the ISP for EISA system 
arbitration: 


DREQ<7:5> 
I 
100-102 
EISA 
DMA Request 
Lines 
, 


DREQ<3:0> 
I 
103-106 
EISA 
DMA Request 
Lines 
DACK<7:5> 
II 
0 
83-85 
EISA 
DMA Acknowledge 
Lines 
DACK<3:0> 
II 
0 
86-89 
EISA 
DMA Acknowledge 
Lines 
MREQ<5:0>II 
I 
107-112 
EISA 
Master Request 
Lines 
MACK<5:0> 
II 
0 
92-97 
EISA 
Master Acknowledge 
Lines 
REFRESH II 
1/0 
131 
EISA 
Refresh Control 
(24 mAl 
DHLDA 
I 
114 
Host 
CPU Hold Acknowledge 
CPUMISSII 
I 
113 
Host 
CPU Cache Miss 
DHOLD 
0 
98 
EBC 
CPU Hold Request 
EMSTR1611 
0 
4 
EBC 
Early Master 
16 Indication 
to the 82358 
Bus Controller 
EXMASTERII 
0 
5 
EBC 
EISA Bus Master Access 
Control 


The following 
signals are used by the ISP for either DMA control 
or in slave mode during a register 
access: 


START II 
I 
20 
EISA 
Start Signal from the EISA Bus 
CMDII 
I 
19 
EISA 
Command 
Signal from the EISA Bus 
EOP 
1/0 
80 
EISA 
End of Process 
Input and Output 
BE<3:0> 
II 
1/0 
70-67 
EISA 
Byte Enables 
(BE3 is Output Only) 
HA< 11:2> 
1/0 
55-64 
Host 
Address 
Bus 
HA<14:12> 
1/0 
50-52 
Host 
Address 
Bus 
HA<21:15> 
1/0 
35-41 
Host 
Address 
Bus (A 16-A 19 are Output Only) 
HA<31:22> 
1/0 
23-32 
Host 
Address 
Bus 
HW/RII 
110 
79 
Host 
WritelRead 
Status 
GT16MII 
0 
11 
EBC 
Address 
Less Than 16 Mbytes 
GT1MII 
0 
12 
EBC 
Address 
Less Than 1 Mbyte 
RST 
I 
18 
EBC 
System Reset 
ST<3:0> 
1/0 
72-75 
EBC 
Bidirectional 
Status Signals 
between 
the ISP/EBC 
DRDY 
1/0 
78 
EBC 
Master Mode Ready from EBC and Slave Mode 
Ready to EBC Terminal 
Count Output 
(Directly 
Drives EISA Bus) 
D<7:0> 
1/0 
42-49 
Other 
Data Bus 
CSOUTII 
0 
9 
Other 
ISP Selected 
in Slave Mode 
AENII 
0 
82 
Other 
Address 
Enable Out from DMA 


The following 
signals are used by the ISP for interrupt 
control: 


IRQ1 
I 
128 
EISA 
Interrupt 
Request 
Input 
IRQ<15:3> 
I 
115-127 
EISA 
Interrupt 
Request 
Inputs 
INT 
0 
3 
Host 
Interrupt 
Output to CPU 


inter 


Name 
Type 
Pin 
Interface 
Description 


The following 
signals 
are used 
by the ISP for the Timers, 
NMI Servicing, 
and Associated 
Logic: 


OSC 
I 
129 
EISA 
14.31818 
MHz Clock for Timers 
IOCHK# 
I 
13 
EISA 
Bus Error Signal 
RSTDRV 
a 
132 
EISA 
System Bus Reset 
PARITY# 
I 
14 
Host 
Main Memory 
Parity Error 
SLOWH# 
a 
10 
Host 
Slow Down Timer to CPU 
NMI 
a 
6 
Host 
From NMI Logic 
SPKR 
a 
7 
Other 
Speaker 
Driver Output 
(24 mA Drive) 
RTCALE 
a 
8 
Other 
Real Time Clock Address 
Latch Enable 


The following 
pins are used for power: 


Vcc 
1,15,21,22,33,54,65,71,77,91,99 
Power 
Vss 
2,17,34,53,66,76,81,90,130 
Ground 
I 


The following 
pin is the clock 
input: 


BCLK 
I 
16 
EBC 
Operation 
Clock 


Vcc 
VSS 
INT 
~~~~~~:: 


NMI 
SPKR 
RTCAlE 
CSOUTI 
SlOWHI 
GTl6MI 


GTlMI 
IOCHKI 
PARITYI 
Vcc 
BClK 
VSS 
RST 
CMoi 
STARTI 
Vec 
Vcc 
A31 
A30 
A29 
A2. 
A27 
A26 
A2S 
A24 
A23 
A22 
Vcc 


Vee 
oHolo 
MACKoi 
MACKli 
MACK21 
MACK31 
MACK41 
MACKS I 
Vcc 
vss 
oACKO 
DACK1 
oACK2 
oACK3 
oACKS 
oACK6 
oACK7 


AENI 
vss 
EOP 
HW/RI 
oRoy 
vee 
vss 
STo 
STl 
ST2 
ST3 
vee 


BE31 
BE21 
BEll 
BEoi 


inter 


A Row 


Pin 
Label 
Type 


1 VCC 
2 VSS 
3 .INT 
0 
4 EMSTR16# 
0 
5 EXMASTER # 
0 
6 NMI 
0 
7 SPKR 
0 
8 RTCALE 
0 
9 CSOUT# 
0 
10 SLOWH# 
0 
11 GT16M# 
0 
12 GT1M# 
0 
13 10CHK# 
I 
14 PARITY# 
I 
15 VCC 
16 BCLK 
I 
17 VSS 
18 RST 
I 
19 CMD# 
I 
20 START# 
,.I 
21 VCC 
t: 


22 VCC 
23 A31 
10 
24 A30 
10 
25 A29 
10 
26 A28 
10 
27 A27 
10 
28 A26 
10 
29 A25 
10 
30 A24 
10 
31 A23 
10 
32 A22 
10 
33 VCC 


BRow 


Pin 
Label 
Type 


34 
VSS 
35 
A21 
10 
36 
A20 
10 
37 
A19 
0 
38 
A18 
0 
39 
A17 
0 
40 
A16 
0 
41 
A15 
10 
42 
D7 
10 
43 
D6 
10 
44 
D5 
10 
45 
D4 
10 
46 
D3 
10 
47 
D2 
10 
48 
D1 
10 


.49 
DO 
10 
50 
A14 
10 
51 
A13 
10 
52 
A12 
10 
53 
VSS 
54 
VCC 
55 
A11 
10 
56 
A10 
10 
57 
A9 
10 
58 
A8 
10 
59 
A7 
10 
60 
A6 
10 
61 
A5 
10 
62 
A4 
10 
63 
A3 
10 
64 
A2 
10 
65 
VCC 
66 
VSS 


CRow 


Pin 
Label 
Type 


67 
BEO# 
10 
68 
BE1# 
10 
69 
BE2# 
10 
70 
BE3# 
0 
71 
VCC 
72 
ST3 
10 
73 
ST2 
10 
74 
ST1 
10 
75 
STO 
10 
76 
VSS 
77 
VCC 
78 
DRDY 
10 
79 
HW/R# 
10 
80 
EOP 
10 
81 
VSS 
82 
AEN# 
0 
83 
DACK7# 
0 
84 
DACK6# 
0 
85 
DACK5# 
0 
86 
DACK3# 
0 
87 
DACK2# 
0 
88 
DACK1# 
0 
89 
DACKO# 
0 
90 
VSS 
91 
VCC 
92 
MACK5# 
0 
93 
MACK4# 
0 
94 
MACK3#. 
0 
95 
MACK2# 
0 
96 
MACK1# 
0 
97 
MACKO# 
0 
98 
DHOLD 
0 
99 
VCC 


DRaw 


Pin 
Label 
Type 


100 DREQ7 
101 DREQ6 
102 DREQ5 
103 DREQ3 
104 DREQ2 
105 DREQ1 
106 DREQO 
107 MREQ5# 
108 MREQ4# 
109 MREQ3# 
110 MREQ2# 
111 MREQ1# 
112 MREQO# 
113 CPUMISS# 
114 DHLDA 
115 IRQ15 
116 IRQ14 
117 IRQ13 
118 IRQ12 
119 IRQ11 
120 IRQ10 
121 IRQ9 
122 IRQ8# 
I 
123 IRQ7 
I 
124 IRQ6 
I 
125 IRQ5 
I 
126 IRQ4 
I 
127 IRQ3 
I 
128 IRQ1 
I 
129 OSC 
I 
130 VSS 
131 REFRESH# 
10 
132 RSTDRV 
0 


• 


- 
- 
---- 
------ -- 


Address 
Bits 
Register 
Device 
Port 
FEDC 
BA98 
7654 
3210 
Type 


OOOOh 
0000 
0000 
OOOX 
0000 
rw 
DMA 1 CH-O Base and Current Address 
0001h 
0000 
0000 
OOOX 
0001 
rw 
DMA 1 CH-O Base and Current Count 
0002h 
0000 
0000 
OOOX 
0010 
rw 
DMA 1 CH-1 Base and Current Address 
0003h 
0000 
0000 
OOOX 
0011 
rw 
DMA 1 CH-1 Base and Current Count 
0004h 
0000 
0000 
OOOX 
0100 
rw 
DMA 1 CH-2 Base and Current Address 
0005h 
0000 
0000 
OOOX 
0101 
rw 
DMA 1 CH-2 Base and Current Count 
0006h 
0000 
0000 
OOOX 
0110 
rw 
DMA 1 CH-3 Base and Current Address 
0007h 
0000 
0000 
OOOX 
0111 
rw 
DMA 1 CH-3 Base and Current Count 
0008h 
0000 
0000 
OOOX 
1000 
rw 
DMA 1 status(r) command 
(w) register 
0009h 
0000 
0000 
OOOX 
1001 
w 
DMA 1 Write Request 
register 
(w) 
(reserved) 
(r) 
OOOAh 
0000 
0000 
OOOX 
1010 
w 
DMA 1 Write single mask bit (w) 
(reserved) 
(r) 
OOOBh 
0000 
0000 
OOOX 
1011 
w 
DMA 1 Write Mode register (w) 
(reserved) 
(r) 
OOOCh 
0000 
0000 
OOOX 
1100 
w 
DMA1 Clear byte pointer F/F (w) 
(reserved) 
(r) 
OOODh 
0000 
0000 
OOOX 
1101 
w 
DMA 1 Master Clear (w) 
(reserved) 
(r) 
OOOEh 
0000 
0000 
OOOX 
1110 
w 
DMA 1 Clear Mask register 
(w) 
(reserved) 
(r) 
OOOFh 
0000 
0000 
OOOX 
1111 
rw 
DMA 1 Write all mask register bits (w) 
DMA 1 Read all mask register bits (r) 


0020h 
0000 
0000 
001X 
XXOO 
rw 
INT-1 control 
register 
0021h 
0060 
0000 
001X 
XX01 
rw 
INT-1 mask register 


0040h 
0000 
0000 
010X 
0000 
rw 
Programmable 
Interval Timer 1, 
82C54 System Clock (Counter 
0) 
0041h 
0000 
0000 
010X 
0001 
rw 
Refresh 
Request 
(Counter 
1) 
0042h 
0000 
0000 
010X 
0010 
rw 
Speaker 
Tone (Counter 
2) 
0043h 
0000 
0000 
010X 
0011 
w 
Command 
Mode Register 


0048h 
0000 
0000 
010X 
1000 
rw 
Programmable 
Interval Timer 2, 
82C54 Failsafe Clock (Counter 
0) 
0049h 
0000 
0000 
010X 
1001 
rw 
(reserved) 
004Ah 
0000 
0000 
010X 
1010 
. 
rw 
CPU Speed Control 
(Counter 
2) 
004Bh 
0000 
0000 
010X 
1011 
w 
Command 
fo,1odeRegister 


0061h 
0000 
0000 
0110 
OX01 
rw 
NMI Status (See NMllnterrupts) 


0070h 
0000 
0000 
0111 
OXXO 
w 
NMI Enable Register 
(bit 7 = 0) (w) 
(reserved) 
(r) 


NOTE: 
The above 
reserved 
registers 
(9h-Eh) 
when 
read, will return an indeterminate 
value. 
Reserved 
register 
49h can not be read 
or written. 
When 
read, 49h will return 
FFh. 


Address 
Bits 
Register 
Device 
Port 
FEDC 
BA98 
7654 
3210 
Type 


0080h 
0000 
0000 
100X 
0000 
rw 
DMA Page Register 
Reserved 
0081h 
0000 
0000 
100X 
0001 
rw 
DMA Page Register 
CH-2 Page 
0082h 
0000 
0000 
1000 
0010 
rw 
DMA Page Register 
CH-3 Page 
0083h 
0000 
0000 
100X 
0011 
rw 
DMA Page Register 
CH-1 Page 
0084h 
0000 
0000 
100X 
0100 
rw 
DMA Page Register 
Reserved 
0085h 
0000 
0000 
100X 
0101 
rw 
DMA Page Register 
Reserved 
0086h 
0000 
0000 
100X 
0110 
rw 
DMA Page Register 
Reserved 
0087h 
0000 
0000 
100X 
0111 
rw 
DMA Page Register 
CH-O Page 
0088h 
0000 
0000 
100X 
1000 
rw 
DMA Page Register 
Reserved 
0089h 
0000 
0000 
100X 
1001 
rw 
DMA Page Register 
CH-6 Page 
008Ah 
0000 
0000 
100X 
1010 
rw 
DMA Page Register 
CH-7 Page 
008Bh 
0000 
0000 
100X 
1011 
rw 
DMA Page Register CH-5 Page 
008Ch 
0000 
0000 
100X 
1100 
rw 
DMA Page Register 
Reserved 
008Dh 
0000 
0000 
100X 
1101 
rw 
DMA Page Register 
Reserved 
008Eh 
0000 
0000 
100X 
1110 
rw 
DMA Page Register 
Reserved 
008Fh 
0000 
0000 
100X 
1111 
rw 
DMA Page Register 
Refresh 
Page 


OOAOh 
0000 
0000 
101X 
XXOO 
rw 
INT-2 control 
register 
00A1h 
0000 
0000 
101X 
XX01 
rw 
INT-2 mask register 


OOCOh 
0000 
0000 
1100 
OOOX 
rw 
DMA2 CH-O Base and Current Address 
00C2h 
0000 
0000 
1100 
001X 
rw 
DMA2 CH-O Base and Current Count 
00C4h 
0000 
0000 
1100 
010X 
rw 
DMA2 CH-1 Base and Current Address 
00C6h 
0000 
0000 
1100 
011X 
rw 
DMA2 CH-1 Base and Current Count 
00C8h 
0000 
0000 
1100 
100X 
rw 
DMA2 CH-2 Base and Current Address 
OOCAh 
0000 
0000 
1100 
101X 
rw 
DMA2 CH-2 Base and Current Count 
OOCCh 
0000 
0000 
1100 
110X 
rw 
DMA2 CH-3 Base and Current Address 
OOCEh 
0000 
0000 
1100 
111X 
rw 
DMA2 CH-3 Base and Current Count 
OODOh 
0000 
0000 
1101 
OOOX 
rw 
DMA2 status(r) command(w) 
register 
00D2h 
0000 
0000 
1101 
001X 
w 
DMA2 Write Request 
register 
(w) 
(reserved) 
(r) 
00D4h 
0000 
0000 
1101 
010X 
w 
DMA2 Write single mask bit (w) 
(reserved) 
(r) 
00D6h 
0000 
0000 
1101 
011X 
w 
DMA2 Write Mode register (w) 
(reserved) 
(r) 
00D8h 
0000 
0000 
1101 
100X 
w 
DMA2 Clear byte pointer F/F (w) 
(reserved) 
(r) 
OODAh 
0000 
0000 
1101 
101X 
w 
DMA2 Master Clear (w) 
(reserved) 
(r) 
OODCh 
0000 
0000 
1101 
110X 
w 
DMA2 Clear Mask register 
(w) 
(reserved) 
(r) 
OODEh 
0000 
0000 
1101 
111X 
rw 
DMA2 Write all mask register bits (w) 
DMA2 Read all mask register bits (r) 


NOTE: 
Reserved 
registers 
(0084h-0086h 
and 
008Ch-008Eh) 
can 
be read 
or written. 
Reserved 
registers 
(OOD2h-OODCh) 
when 
read, will return 
an indeterminate 
value. 


• 
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Address 
Bits 
Register 
Device 
Port 
FEDC 
BA98 
7654 
3210 
Type 


0400h 
0000 
0100 
0000 
0000 
rw 
(reserved) 
0401h 
0000 
0100 
0000 
0001 
rw 
DMA 1 CH-O Base/Current 
count high 
0402h 
0000 
0100 
0000 
0010 
rw 
(reserved) 
0403h 
0000 
0100 
0000 
0011 
rw 
DMA 1 CH-1 Base/Current 
count high 
0404h 
0000 
0100 
0000 
0100 
rw 
(reserved) 
0405h 
0000 
0100 
0000 
0101 
rw 
DMA 1 CH-2 Base/Current 
count high 
0406h 
0000 
0100 
0000 
0110 
rw 
(reserved) 
0407h 
0000 
0100 
0000 
0111 
rw 
DMA1 CH-3 Base/Current 
count high 
0408h 
0000 
0100 
0000 
1000 
rw 
(reserved) 
0409h 
0000 
0100 
0000 
1001 
rw 
(reserved) 
040Ah 
0000 
0100 
0000 
1010 
rw 
DMA 1 Set Chaining 
mode (w) 
Interrupt 
Status (r) 
040Bh 
0000 
0100 
0000 
1011 
rw 
DMA 1 Ext Write Mode register 
(w) 
(reserved) 
(r) 
040Ch 
0000 
0100 
0000 
1100 
ro 
Host CPU/EISA 
Master Control 
040Dh 
0000 
0100 
0000 
1101 
ro 
Stepping 
Level register 
040Eh 
0000 
'0100 
0000 
1110 
rw 
ISP Test Register 
(reserved) 
040Fh 
0000 
0100 
0000 
1111 
rw 
ISP Test Register 
(reserved) 


0461h 
0000 
0100 
0110 
0001 
rw 
Extended 
NMI and reset control 
0462h 
0000 
0100 
0110 
0010 
wo 
NMII/O 
interrupt 
port (casual) 
0464h 
0000 
0100 
0110 
0100 
ro 
Last 32-bit bus master granted 
(L) 


0480h 
0000 
0100 
1000 
0000 
rw 
(reserved) 
0481h 
0000 
0100 
1000 
0001 
rw 
DMA High Page Register CH-2 Page 
0482h 
0000 
0100 
1000 
0010 
rw 
DMA High Page Register CH-3 Page 
0483h 
0000 
0100 
1000 
0011 
rw 
DMA High Page Register CH-1 Page 
0484h 
0000 
0100 
1000 
0100 
rw 
(reserved) 
0485h 
0000 
0100 
1000 
0101 
rw 
(reserved) 
0486h 
0000 
01QO 
1000 
0110 
rw 
(reserved) 
0487h 
0000 
0100 
1000 
0111 
rw 
DMA High Page Register 
CH-O Page 
0488h 
0000 
0100 
1000 
1000 
rw 
(reserved) 
0489h 
0000 
0100 
1000 
1001 
rw 
DMA High Page Register 
CH-6 Page 
048Ah 
0000 
0100 
1000 
1010 
rw 
DMA High Page Register 
CH-7 Page 
048Bh 
0000 
0100 
1000 
1011 
rw 
DMA High Page Register 
CH-5 Page 
048Ch 
0000 
0100 
1000 
1100 
rw 
(reserved) 
048Dh 
0000 
0100 
1000 
1101 
rw 
(reserved) 
048Eh 
0000 
0100 
1000 
1110 
rw 
(reserved) 
048Fh 
0000 
0100 
1000 
1111 
rw 
DMA High Page Register 
Refresh 


04C2h 
0000 
0100 
1100 
0010 
rw 
(reserved) 
04C6h 
0000 
0100 
1100 
0110 
rw 
DMA2 CH-5 Base/Current 
count high 
04CAh 
0000 
0100 
1100 
1010 
rw 
DMA2 CH-6 Base/Current 
count high 
04CEh 
0000 
0100 
1100 
1110 
rw 
DMA2 CH-7 Base/Current 
count high 


NOTE: 
When 
read from or written 
to, all of the above 
reserved 
registers 
(except 
for 40Ah and 40Bh) will not respond 
and CSOUT# 
will not be asserted. 
Reserved 
registers 
40Ah and 40Bh when 
read, will return an indeterminate 
value. 
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Address 
Bits 
Register 
Device 
Port 
FE DC 
BA98 
7654 
3210 
Type 


04DOh 
0000 
0100 
1101 
0000 
rw 
INT-1 Edge Level Control 
Register 
04D1h 
0000 
0100 
1101 
0001 
rw 
INT-2 Edge Level Control 
Register 
04D2h 
0000 
0100 
1101 
0010 
rw 
(reserved) 
04D3h 
0000 
0100 
1101 
0011 
rw 
(reserved) 
04D4h 
0000 
0100 
1101 
0100 
rw 
DMA2 Set Chaining 
mode (w) 
Chaining 
mode (r) 
04D5h 
0000 
0100 
1101 
0101 
rw 
(reserved) 
,.. 


04D6h 
0000 
0100 
1101 
0110 
rw 
DMA2 Ext Write Mode register 
(w) 
(reserved) 
(r) 
04D7h 
0000 
0100 
1101 
0111 
rw 
(reserved) 
04D8h 
0000 
0100 
1101 
1000 
rw 
(reserved) 
04D9h 
0000 
0100 
1101 
1001 
rw 
(reserved) 
04DAh 
0000 
0100 
1101 
1010 
rw 
(reserved) 
04DBh 
0000 
0100 
1101 
1011 
rw 
(reserved) 
04DCh 
0000 
0100 
1101 
1100 
rw 
(reserved) 
04DDh 
0000 
0100 
1101 
1101 
rw 
(reserved) 
04DEh 
0000 
0100 
1101 
1110 
rw 
(reserved) 
04DFh 
0000 
0100 
1101 
1111 
rw 
(reserved) 


04EOh 
0000 
0100 
1110 
0000 
rw 
DMA CH-O Stop Reg Bits < 7:3 > 


04E1h 
0000 
0100 
1110 
0001 
rw 
DMA CH-O Stop Reg Bits < 15:8 > 


04E2h 
0000 
0100 
1110 
0010 
rw 
DMA CH-O Stop Reg Bits <23:16> 


04E3h 
0000 
0100 
1110 
0011 
rw 
(reserved) 
04E4h 
0000 
0100 
1110 
0100 
rw 
DMA CH-1 Stop Reg Bits <7:2> 


04E5h 
0000 
0100 
1110 
0101 
rw 
DMA CH-1 Stop Reg Bits < 15:8 > 


04E6h 
0000 
0100 
1110 
0110 
rw 
DMA CH-1 Stop Reg Bits <23:16> 


04E7h 
0000 
0100 
1110 
0111 
rw 
(reserved) 
04E8h 
0000 
0100 
1110 
1000 
rw 
DMA CH-2 Stop Reg Bits <7:2> 


04E9h 
0000 
0100 
1110 
1001 
rw 
DMA CH-2 Stop Reg Bits < 15:8 > 


04EAh 
0000 
0100 
1110 
1010 
rw 
DMA CH-2 Stop Reg Bits <23:16> 


04EBh 
0000 
0100 
1110 
1011 
rw 
(reserved) 
04ECh 
0000 
0100 
1110 
1100 
rw 
DMA CH-3 Stop Reg Bits < 7:2 > 


04EDh 
0000 
0100 
1110 
1101 
rw 
DMA CH-3 Stop Reg Bits < 15:8 > 


04EEh 
0000 
0100 
1110 
1110 
rw 
DMA CH-3 Stop Reg Bits <23:16> 


04EFh 
0000 
0100 
1110 
1111 
rw 
(reserved) 


04FOh 
0000 
0100 
1111 
0000 
rw 
(reserved) 
04F1h 
0000 
0100 
1111 
0001 
rw 
(reserved) 
04F2h 
0000 
0100 
1111 
0010 
rw 
(reserved) 
04F3h 
0000 
0100 
1111 
0011 
rw 
(reserved) 
04F4h 
0000 
0100 
1111 
0100 
rw 
DMA CH-5 Stop Reg Bits <7:2> 


04F5h 
0000 
0100 
1111 
0101 
rw 
DMA CH-5 Stop Reg Bits < 15:8 > 


04F6h 
0000 
0100 
1111 
0110 
rw 
DMA CH-5 Stop Reg Bits <23:16> 


04F7h 
0000 
0100 
1111 
0111 
rw 
(reserved) 
04F8h 
0000 
0100 
1111 
1000 
rw 
DMA CH-6 Stop Reg Bits <7:2> 


04F9h 
0000 
0100 
1111 
1001 
rw 
DMA CH-6 Stop Reg Bits < 15:8 > 


04FAh 
0000 
0100 
1111 
1010 
rw 
DMA CH-6 Stop Reg Bits <23:16> 


04FBh 
0000 
0100 
1111 
1011 
rw 
(reserved) 
04FCh 
0000 
0100 
1111 
1100 
rw 
DMA CH-7 Stop Reg Bits <7:2> 


04FDh 
0000 
0100 
1111 
1101 
rw 
DMA CH-7 Stop Reg Bits < 15:8 > 


04FEh 
0000 
0100 
1111 
1110 
rw 
DMA CH-7 Stop Reg Bits <23:16> 


04FFh 
0000 
0100 
1111 
1111 
rw 
(reserved) 


NOTE: 
When 
read from 
or written 
to, reserved 
registers 
(4D2h, 
4D3h, 
4D5h, 
and 4D7h-4DFh) 
will not respond 
and CSOUT# 
will 
not be asserted. 
Reserved 
registers 
(4E3h, 
4EFh. 
4EBh, 
4EFh-4F3h, 
4F7h, 
4FBh, 
and 4FFh when 
read, will return 
a value 
of FFh. Reserved 
register 
4D6h when 
read, will return 
an indeterminate 
value. 
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~ I 
• Provides 
EISA/ISA 
Bus Cycle 
• Supports 
8-, 16-, or 32-Bit DMA Cycles 
Compatibility 
- 
Type A, B, or C (Burst) Cycles 
- 
EISAIISA 
Standard 
Memory 
or 
- 
Compatible 
Cycles 
I/O Cycle 
• Supports 
Host and EISAIISA 
Refresh 
- 
EISAIISA 
Wait State Cycles 
Cycles 
-ISA 
No Wait State Cycle 
- 
EISA Burst Cycles 
• Generates 
Control 
Signals for Address 
and Data Buffers 
• Interfaces 
Host (CPU) Bus to EISAIISA 
Bus 
• Supports 
Byte Assembly IDisassembly 


• Supports 
386™ 
& i486TM 
for 8-, 16-, or 32-Bit Data Transfers 


Microprocessors 
• Cache Controller 
(82385) 
Interface 
to 


- 
25 MHz & 33 MHz 386 Systems 
Maximize 
Performance 
for 386 Based 


- 
25 MHz & 33 MHz i486 Systems 
Systems 
• Translates 
Host Bus Cycles to EISAI 
• Supports 
I/O Recovery 
Mechanism 


ISA Bus Cycles 
• Generates 
82385, CPU, and System 
• Generates 
ISA Signals for EISA Masters 
Software 
Resets 
• Generates 
EISA Signals for ISA Masters 
• 132-Pin PQFP Package 
• Low Power CHMOS Technology 


The 82358 EISA Sus Controller 
(ESC) is part of Intel's 82350 EISA chip set. The ESC interfaces 
either the 386 


or i486 
microprocessor 
to the 
Extended 
Industry 
Standard 
Architecture 
(EISA) 
bus. The 
82358 
(ESC) 
is 


designed 
to facilitate 
bus cycles between 
the Host (CPU) and EISA/ISA 
bus. The ESC generates 
the appropri- 
ate 
data 
conversion 
and 
alignment 
control 
signals 
to implement 
an external 
byte 
assembly/disassembly 
mechanism 
for transferring 
data of equal or different 
widths between 
the Host, Industry Standard 
Architecture 
(ISA) and EISA busses. 
The ESC translates 
cycles 
between 
EISA, ISA and Host busses. 


The 
ESC is tightly 
coupled 
with 
the 82357 
DMA controller 
(ISP) to run 8-, 16-, or 32-bit 
EISAIISA 
DMA 
transfers 
between 
busses. 
The 
ESC features 
special 
cache 
hardware 
interface 
signals 
to implement 
the 
highest 
performance 
386 based system 
with the 82385 
cache controller. 


The ESC features 
hardware 
enforced 
I/O recovery 
logic to provide 
I/O recovery 
time between 
back to back 
I/O cycles. 


The ESC provides 
resets 
to the 82385, 
386, i486, and other 
devices 
in the system 
to provide 
an integrated 
synchronous 
system 
reset. 
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Figure 2-1 HNA# 
Timings 
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Figure 2-2a Host Master to Host Slave Cycle Snoop Strobe Timings (25 MHz or 33 MHz) 
1-284 


Figure 2-2b EISA Master to Host Slave or DMA Burst Cycle Snoop Strobe Timings 
(25 MHz) 
1-284 


Figure 2-2c EISA Master to Host Slave or DMA Burst Cycle Snoop Strobe Timings 
(33 MHz) 
1-284 


Figure 2-3 (a-b) 
Host Master Lock Cycle to EISA Slave 
1-287 


Figure 2-4 (a-b) 
BCLK Stretching 
for 386 and i486 CPUs 
1-289 


Figure 2-5 (a-c) 
BCLK Stretching 
Conditions 
1-290 


Figure 2-6 CHRDY and EXRDY in ISA Master to EISA Memory Slave Cycle 
1-293 


Figure 2-7 Host/EISA 
Bus Data Swap Logic 
1-297 


Figure 2-8 Host/EISA 
Bus Address 
Buffers 
1-298 


Figure 2-9 (a-b) 
L10WAIT# 
Control 
1-300 


Figure 2-10 AENLE# 
Timing Diagram 
1-301 


Figure 3-1 386 CPU Host Master to 16-Bit ISAlHost/EISAlHost 
Slave 
1-305 


Figure 3-1A Clock Generation 
CLK1 Relation to HCLKCPU 
1-306 


Figure 3-2 Host Master to Host Memory Slave Standard 
Read/Write 
Cycles 
1-309 


Figure 3-3 Host Master to 32-Bit EISA Memory I/O Slave Standard 
Read/Write 
Cycles 
1-310 


Figure 3-4 Host Master to 32-Bit EISA Memory Slave Two Standard 
Read Cycles 
1-311 


Figure 3-5 Host Master to 32-Bit EISA Memory Slave Locked Read Cycle 
1-312 


Figure 3-6 Host Master to 16-Bit EISA Memory Slave Read Assembly 
Cycle 
1-313 


Figure 3-7 Host Master to 16-Bit EISA Memory Slave Disassembly 
Write Cycles 
1-314 


Figure 3-8 Host Master to 16-Bit EISA I/O Slave Byte Swap Write Cycle with Wait States 
1-315 


Figure 3-9 Host Master to 16-Bit ISA Memory Slave Assembly 
Read Cycle 
1-316 


Figure 3-10 Host Master to 8-Bit ISA Memory Slave Assembly 
Read Cycle 
1-317 


Figure 3-11 Host Master to 8-Bit ISA Slave Disassembly 
Write Cycle 
1-318 
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Figure 3-12 32-Bit EISA Master to Host Memory Slave Standard 
Write/Read 
Cycles 
1-319 


Figure 3-13 32-Bit EISA Master to 32-Bit EISA I/O Slave Standard 
Write Cycle 
1-320 


Figure 3-14 32-Bit EISA Master to 32-Bit EISA Memory Slave 1 Wait State Burst Read 
Cycle 
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Figure 3-15 32-Bit EISA Master to 16-Bit EISA I/O Slave Assembly 
Read Cycle 
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Figure 3-16 32-Bit EISA Master to 16-Bit EISA Memory Slave Assembly/Disassembly 
Read/Write 
Cycles 
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Figure 3-17 32-Bit EISA Master to 16-Bit EISA Memory Slave No Assembly 
Write Cycle with 
Wait States 
1-324 


Figure 3-18 32-Bit EISA Master to 16-Bit EISA Memory Slave Assembly 
Read during 0 Wait 
State Burst Cycles 
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Figure 3-19 32-Bit EISA Master to 16-Bit EISA Memory Slave 0 Wait State Burst Disassembly 
Write Cycle 
1-326 


Figure 3-20 32-Bit EISA Master to 16-Bit ISA Memory Slave NOWS# 
Disassembly 
Write 
Cycle 
1-327 


Figure 3-21 32-Bit EISA Master to 16-Bit ISA I/O Slave Standard 
Read/Write 
Cycles 
1-328 


Figure 3-22 32-Bit EISA to 16-Bit ISA I/O Slave 1 Wait State Disassembly 
Write Cycles 
1-329 


Figure 3-23 32-Bit EISA Master to 8-Bit ISA Memory Slave NOWS # No Assembly 
Read 
Cycle 
1-330 


Figure 3-24 32-Bit EISA Master to 8-Bit ISA Memory Slave NOWS# 
Assembly 
Write 
Cycle 
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Figure 3-25 16-Bit EISA Master to 32-Bit EISA Memory I/O Slave By1e Swap Read/Write 
Cycle 
1-332 


Figure 3-26 16-Bit EISA Master to 16-Bit EISA Memory Slave Burst Read Cycle 
..........•. 
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Figure 3-27 16-Bit EISA Master to 32-Bit EISA Memory Slave 1 Wait State By1e Swap Burst 
Read Cycle 
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Figure 3-28 16-Bit EISA Master to 16-Bit ISA I/O No Assembly 
Read Cycle 
1-335 


Figure 3-29 16-Bit EISA Master to 16-Bit ISA Memory Slave Standard Write Cycle 
1-336 


Figure 3-30 16-Bit EISA Master to 8-Bit ISA Memory Slave Disassembly 
Write Cycle 
1-337 


Figure 3-31 16-Bit ISA Master to 32-Bit EISA Memory Slave 1 Wait State Write Cycle 
1-3~8 


Figure 3-32 16-Bit ISA Master to 32-Bit EISA I/O Slave Write Cycle with Wait States 
1-339 


Figure 3-33 16-Bit ISA Master to 16-Bit EISA Memory Slave BCLK Stretched 
Read Cycle 
1-340 


Figure 3-34 16-Bit ISA Master to 8-Bit ISA Memory Slave Write Cycle 
1-341 


Figure 3-35 16-Bit ISA Master to 8-Bit ISA I/O Slave Standard 
Read Cycle 
1-342 


Figure 3-36 Halt/Shutdown 
Cycle 
1-343 


Figure 3-37 SPWROK 
1-344 


Figure 3-38 RST AR # < 32 Clocks 
1-345 


Figure 3-39 RSTCPU/HHOLD 
Signal Interlock 
1-346 


Figure 3-40 Compatible 
DMA Read Cycle (Memory Size .GE. I/O Size) 
1-347 


Figure 3-41 Compatible 
DMA Write Cycle (Memory Size .GE. I/O Size) 
1-347 


Figure 3-42 Type A DMA Read Cycle (Memory Size .GE. I/O Size) 
1-348 


Figure 3-43 Type A DMA Write Cycle (Memory Size .GE. I/O Size) 
1-348 


Figure 3-44 Type B DMA Read Cycle (Memory Size .GE. I/O Size) 
1-349 


Figure 3-45 Type B DMA Write Cycle (Memory Size .GE. I/O Size) 
1-349 
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Figure 3-46 Burst DMA Read Cycle (Memory Size .GE. I/O Size) 
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Figure 3-47 Burst DMA Write Cycle (Memory Size .GE. I/O Size) 
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Figure 3-48 Burst DMA Read Cycle to Non-Burst 
Memory (Memory Size .GE. I/O Size) 
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Figure 3-49 Burst DMA Write Cycle to Non-Burst 
Memory (Memory Size .GE. I/O Size) 
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Figure 3-50 Type A DMA Read Cycle (Memory Size .LT. I/O Size) 
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Figure 3-51 Type B Read Cycle (Memory Size .LT. I/O Size) 
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Figure 3-52 Burst DMA Read with Assembly 
Required 
(Memory Size .LT. I/O Size) 
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Figure 3-53 Refresh Cycle 
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Figure 3-54 32-Bit I/O to 32-Bit Memory Burst Read DMA Cycle 
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Figure 3-55 32-Bit I/O to 16-Bit Memory Compatible 
Read DMA Cycle 
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Figure 3-56 32-Bit I/O to 16-Bit Memory Type A Write DMA Cycle 
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Figure 3-57 32-Bit I/O to 16-Bit Memory Type B Write DMA Cycle 
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Figure 3-58 32-Bit I/O to 8-Bit Memory Compatible 
Read DMA Cycle 
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Figure 3-59 16-Bit I/O to 32-Bit Memory Type B Write DMA Cycle 
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Figure 3-60 16-Bit I/O to 16-Bit Memory Type A Read DMA Cycle 
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Figure 3-61 16·Bit I/O to 32-Bit Memory Burst Read DMA Cycle 
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Figure 3-62 16-Bit I/O to 16-Bit Memory Burst Read DMA Cycle 
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Figure 3-63 8-Bit I/O to 32-Bit Memory Compatible 
Write DMA Cycle 
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Figure 3-64 8-Bit I/O to 16-Bit Memory Read Type B DMA Cycle 
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Figure 3-65 8-Bit I/O to 8-Bit Memory Write Compatible 
DMA Cycle 
1-365 
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1.1 EBC System Architecture 
Overview 


The EISA Sus Controller 
(ESC) is located 
between 
the host (CPU) bus and the EISA/ISA 
bus. The ESC 
watches 
cycles 
initiated 
on either bus. When a host 
bus master 
initiates 
a cycle 
and no host 
slave 
re- 
sponds, 
the ESC forwards 
the cycle to the EISA/ISA 
bus. The ESC provides 
the control 
for the address 
and data buffers 
between 
the two busses. The ESC 
also inserts delays between 
back to back I/O cycles 
coming 
from 
the 
host 
bus to the 
ISA bus for the 
purposes 
of I/O recovery. 


The 
ESC will 
support 
frequencies 
of 25 MHz and 
33 MHz for the 386 or i486 microprocessor. 


The ESC is the bridge between 
ISA and EISA devic- 
es on the EISAIISA 
bus. The ESC translates 
cycles 
from 
EISA masters 
into cycles 
that 
ISA slaves 
can 
handle. 
Similarly, 
it translates 
cycles 
initiated 
by ISA 
masters 
into 
cycles 
that 
the 
EISA 
slaves 
under- 
stand. The ESC also performs 
byte"assembly/disas- 
sembly 
for 
data 
transfers 
from 
EISA 
masters 
to 
EISAIISA 
slaves. 


The ESC interfaces 
with the 82357 
Integrated 
Sys- 
tem 
Peripheral 
(ISP), which 
contains 
the 
high per- 
formance 
EISA compatible 
DMA controller, 
interrupt 
controller, 
refresh 
logic and other integrated 
periph- 
eral functions. 
When requested 
by the ISP, the ESC 
runs EISA bus cycles for DMA transfers 
and memory 
refreshes 
on behalf of the ISP. 


The ESC is packaged 
in a 132-pin 
plastic 
quad flat 
pack (PQFP). 


The following 
is a discussion 
of the major 
internal 
functional 
blocks 
in the EISA Sus Controller 
which 
are shown 
in Figure 
1-1. 


1.2 82358 Internal Architecture 
Overview 


The Host bus interface 
unit interfaces 
to the 386 or 
i486 CPU host bus. It runs at the operating 
frequen- 
cy of the host processor. 


The Host bus interface 
unit monitors 
host bus cycles 
when the host CPU is the current 
master on the host 
bus. If no device 
on the host bus responds, 
then it 
signals the EISA or ISA interface 
unit to run a cycle. 
The Host bus interface 
unit waits for the EISA or ISA 
interface 
unit to complete 
the cycle, 
and then it ter- 
minates 
the 
cycle 
on the 
host 
bus. The 
Host 
bus 


interface 
unit takes 
advantage 
of the 386 address 
pipelining 
capabilities 
for 386 systems. 


There is a special protocol 
using the host bus signal 
HSTRETCH #, which 
enables 
SCLK low time to be 
stretched 
in CLK1 increments. 
This allows slow host 
slave devices 
to use HSTRETCH 
# to run zero wait 
state EISA/ISA 
cycles. 


These state machine 
units interface 
to the EISA and 
ISA bus. They 
run at the 
EISA 
bus clock 
(SCLK) 
frequency. 


The EISA unit interfaces 
with the EISA bus and exe- 
cutes EISA cycles on behalf of the ISA, host, or ISP 
master on the EISA bus. In this way, any master can 
communicate 
with the EISA bus. 


Similarly, 
the 
ISA unit interfaces 
with 
the 
ISA bus 
and executes 
ISA cycles on behalf of the EISA, host, 
or ISP master 
on the ISA bus. 


The EISA and ISA units monitor 
cycles 
initiated 
by 
EISA or ISA masters 
and watch their corresponding 
busses 
to detect 
a slave response. 
The correct 
cy- 
cle will then 
be initiated 
to the 
responding 
slave's 
bus (ISA or EISA). This provides 
the bridge between 
both types of busses 
(ISA or EISA). 


The EISA and ISA units accept 
cycles from the host 
interface 
unit, and will run cycles on the EISA or ISA 
bus. If necessary, 
the EISA and ISA units will per- 
form multiple 
cycles 
(assembly/disassembly) 
for ev- 
ery host cycle. 
When 
this is done, 
they 
signal 
the 
host interface 
unit to terminate 
the cycle on the host 
bus. The 
EISA and 
ISA units 
also 
inform 
the 
host 
interface 
unit when the host can change 
the address 
for the next cycle. 


It will run multiple 
EISA or ISA cycles 
for data byte 
assembly 
or disassembly, 
if necessary, 
when 
the 
master and slave data bus width does not match. 


The 
EISA 
and 
ISA interface 
units 
also 
accept 
re- 
quests from the ISP interface 
unit to run DMA cycles 
on the EISA or ISA bus. 


The ISP interface 
unit accepts 
requests 
from the ISP 
for 
DMA 
or refresh 
cycles, 
and then 
requests 
the 
ISA and EISA interface 
units to run the appropriate 
cycle. There are four types of DMA cycles: 
compati- 
ble, type A, type S, and type C (burst). If the memory 
slave width does not match the I/O slave width, the 
EISAIISA 
interface 
unit will perform 
the byte assem- 
bly or disassembly, 
depending 
on the case, through 
multiple 
EISAIISA 
cycles. 
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HLOCIO# 


HKEN# 


HGTI6t.l# 


HSTRETCH# 


HSSTRB# 


RDE# 


RST 


RSTCPU 


RST385 


RSTAR# 


SPWROK 


I 
I 
I 
I 
CLOCK 
I 
DATA 
GENERATOR 
I 
I 
BUFFER 
UNIT 
! 
~ 


CONTROL 
I 
I: 
I 


I 
: 
- 
I 
I 
: 
I 
I 
I 
ADDRESS 
: 
BUFFER 
I 
CONTROL 
I 
I 
ISA BUS 
: 
INTERFACE 
I 
UNIT 
! 
I 
• 
I 
I 
~ 
~ 
I 
I 
I 
~ 
I 
I 
I 
~ 
I 
I 
I 
HOST BUS 
I 
INTERFACE 
I 
UNIT 
I 
I 
I 


I 
I 
I 
I 


I 
EISA BUS 
I 
: 
INTERFACE 
~ 
UNIT 
I 
I 
: 
~ 
I 
I 
· 
: 
I 
: 
I 
CACHE 
I 
I 
SUPPORT 
I 
I 
I 
: 
·I 
ISP 
I 


I 
RESET 
INTERFACE 
: 
I 
CONTROL 
UNIT 
I' 


I 
I 
I 
I 
I 
•r 
CPU SELECT 
I/O 
RECOVERY 
I 
I 
I 
I 
I 
· 
SLOT SUPPORT 
TESTING 
. 
I 


HCLKCPU 


BCLK 


CLKKB 


BCLKIN 


BALE 


SA(I:0) 


SBHE# 


10RC# 


10WC# 


t.lRDC# 


t.lWTC# 


St.lRDC# 


St.lWTC# 


1016# 


t.l16# 


NOWS# 


CHRDY# 


REFRESH# 


t.lASTERI6# 


BE(3:0)# 


t.l-IO 


W-R 


LOCK# 


START# 


Ct.lD# 


EX ROY 


t.lSBURST# 


SLBURST# 


EX32# 


EXI6# 


ST(3:0) 


DHOLD 


DRDY 


EXt.lASTER# 


Et.lSTRI6# 


GTIt.l# 


The address 
buffer control 
unit controls 
the external 
bidirectional 
address 
buffers 
between 
the host and 
EISAIISA 
bus. 
It provides 
the 
latching 
clocks 
and 
output 
enables 
for these 
buffers. 
Figure 2-8 shows 
how the signals from this unit are used. 


This unit controls 
the data buffers 
between 
the host 
and 
EISA/ISA 
bus. 
It provides 
the 
latching 
clocks 
and the output 
enables. 
The data buffer control 
unit 


interfaces 
with 
the 
host, 
EISA, 
and 
ISA interface 
units to provide 
buffer 
control 
during assembly / dis- 
assembly 
of data, which 
allows 
copying 
of data be- 
tween 
byte lanes. Figure 2-7 shows 
how the signals 
from this unit of the EBC are used when 
data byte 
swapping 
is needed 
for 
mismatched 
master-slave 
combinations. 
ISA bus master 
copy 
operations 
are 
not supported 
by the 
EBC and must 
be externally 
implemented. 


1.2.6 CACHE 
SUPPORT 


The cache 
support 
logic instructs 
the 82385 
cache 
controller 
when 
to 
snoop 
the 
system 
bus 
(HSSTRB#). 
HSSTRB# 
is a synchronized 
strobe in- 
dicating 
a valid address 
during 
non-microprocessor 
or CPU to memory 
write cycles. 


The cache 
support 
has the option 
(ROE #) to add a 
wait state by delaying 
HERDYO# 
and HRDYO# 
by 
1 CLK1 during a host to EISA bus read to allow for 
increased 
cache SRAM write data setup time during 
cache 
read 
miss 
cycles. 
See 
Figure 
3-1 a for the 
CLK1 definition. 


For i486 special 
cycles, 
(flush 
and write back 
only) 
the 
EBC treats 
these 
as halt cycles, 
generating 
a 
READY 
signal in zero wait states. 


This unit generates 
3 types of resets: 


1. Reset for the CPU (RSTCPU) 


This 
results 
under 
three 
conditions: 
power 
on, 


shut down detect 
from the host bus master, 
and 
assertion 
of 
the 
restart 
signal 
(RST AR #). 
The 
RSTCPU 
signal 
is interlocked 
with HHOLD, 
such 
that only one of them will be active at a time, pre- 
venting 
386 
bus 
contention 
when 
the 
DMA 
or 
EISAIISA 
bus master 
is active. 


2. Reset for the 82385 cache controller 
(RST385) 


This 
is 
the 
same 
reset 
as 
for 
the 
CPU, 
but 
RST385 
is delayed 
so that the CPU completes 
its 
cycles 
before 
the 
82385 
is reset. 
This 
prevents 
the 82385 
from 
erroneously 
glitching 
its BADS # 
output 
signal. 
For software 
resets 
(RST AR # ac- 
tive) and shutdown 
cycles, 
RST385 active edge is 
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aelayea trom 
H::; I (.;PU active eage. t-or hardware 
resets 
(SPWROK 
active), 
the 
EBC 
generates 
RST385 
and RSTCPU 
simultaneously. 


3. Reset for the ISP (RST) 
This is generated 
at power on, after BCLK is sta- 
ble. 


This unit forces 
a delay between 
back to back 8-bit 


and 
16-bit 
ISA I/O 
cycles 
originating 
on the 
host 
bus. A controlled 
delay is inserted 
depending 
on the 
state 
of the L10WAIT# 
pin. L10WAIT# 
is sampled 
on 
the 
trailing 
edge 
of 
the 
I/O 
command 
signal 
(IORC#, 
10WC#, 
CMD#), 
and the delay is inserted 
before the leading edge of the next ISA I/O cycle. 
If 
the last sub-cycle 
to an ISA slave is followed 
by an- 
other 
I/O 
command 
signal 
(IORC#, 
10WC#, 


CMD#) 
to any slave, 
a delay 
will be inserted. 
No 
delay is inserted 
for EISA, ISA or DMA bus master 
cycles; 
EISA cycles 
originating 
on the host bus; or 


back to back I/O "sub-cycles" 
generated 
as a result 


of byte assembly 
or disassembly. 
EISA master 
ac- 


cesses to ISA I/O slaves needs I/O recovery 
time of 


1 BCLK provided 
by software. 


The minimum 
delay is 1 BCLK following 
the trailing 
edge of the ISA I/O command 
signal prior to issuing 
START# 
for the next I/O command 
signal. 


The maximum 
delay is 3 BCLKs following 
the trailing 
edge 
of a 16-bit 
ISA 
I/O 
command 
signal 
or 
11 
BCLKs following 
the trailing edge of an 8-bit ISA I/O 
command 
signal 
prior 
to 
the 
leading 
edge 
of 


START# 
for another 
separate 
I/O command 
cycle. 
Any other delay lengths 
between 
minimum 
and max- 
imum 
during 
I/O 
recovery 
is determined 
by L10W- 
AIT # becoming 
inactive. 


The 
slot support 
logic 
generates 
an address 
latch 
enable 
(AENLE#) 
signal 
when 
the 
LA address 
is 
valid for the purposes 
of generating 
the slot specific 
AENx# 
signals. 


This unit generates 
three clocks: 


1. Host 
State 
Machine 
Clock 
(CLK1) 
runs 
at the 
same frequency 
as the internal 
clock 
of the Host 
CPU. It is synchronized 
to the entire system board 
by SPWROK. 
For 386 systems, 
CLK1 is generat- 
ed internally 
from 
HCLKCPU 
divided 
by two and 
inverted. 
For i486 systems, 
CLK1 is inverted. 


2. BCLK- 
This is the EISA clock that runs at approx- 
imately 
8 
MHz. 
It 
is 
generated 
by 
dividing 
HCLKCPU 
by 3, 4, 6, or 8, depending 
on the 
CPU(3:0) 
signals, 
which 
indicate 
the 
CPU 
type 
and frequency. 
This unit also stretches 
the high or 
low time of BCLK for synchronization 
purposes. 


inter 


3. CLKKB- 
This is the clock 
for the keyboard 
proc- 
essor. 
It is generated 
by dividing 
HCLKCPU 
by 3, 
5, or 6, also depending 
on the CPU(3:0) 
signals. 


This 
section 
defines 
the 
specific 
functions 
of the 
pins on the EISA bus controller. 
All signal 
descrip- 
tions 
apply 
to both 
the 
386 
and 
i486 CPU unless 
otherwise 
stated. 
The 
symbol 
# 
after 
the 
signal 
name indicates 
an active 
low signal. 


2.1 
Host Bus Interface 
Signals 


HOST CPU CLOCK (HCLKCPU) 
Input 


For 386 
and i486 
systems, 
HCLKCPU 
runs at the 
same 
frequency 
as the external 
clock 
of the 
Host 
CPU. It is synchronized 
to the entire 
system 
board 
by SPWROK. 


HOST ADDRESS 
STATUS 
(HADS(1:0)#) 
Input 


The falling 
edge of either 
of these 
two signals 
indi- 
cate that address, 
status, 
and byte enable 
informa- 
tion is valid on the host bus. In the case of pipelined 
cycles, 
HADS(1 :0)# 
are expected 
to stay active low 
until HRDYI # has been sampled 
active by the EBC. 
These 
two 
signals 
are received 
by the 
EBC when 
there 
is a master 
on the Host Bus, and are used to 
track 
the 
start 
of host 
bus cycles. 
When 
no host 
slave responds 
(the CPU is addressing 
an EISA/ISA 
slave, 
including 
the 
ISP(1»), then 
the 
cycle 
will 
be 
forwarded 
to the EISA bus. 


NOTE: 
1. The 
82357 
ISP (Integrated 
System 
Peripheral) 
contains 
the 
DMA controller 
and the refresh 
logic, 
along 
with 
other 
functions. 
Henceforth, 
references 
to ISA slaves 
in this 
document 
include 
the 
ISP in 
the slave mode. 


HADSO# 
and HADS1 # are "OR"ed 
together 
inter- 
nally in the 
EBC so that 
either 
one can signal 
the 
start of a cycle. They are also used for 64 Kbyte and 
128 
Kbyte 
cache 
designs 
where 
an 
independent 
state 
machine 
generates 
HADS1 #. 
For 
example, 
128 Kbyte 82385 cache systems 
use more than one 
fetch 
to fill a cache 
line. The 82385 
starts 
the first 
cycle by generating 
HADSO# 
and the state machine 
finishes 
the rest of the fetches 
by generating 
its own 
HADS1 # signal. In the circuit, HADSO# 
connects 
to 
the 82385, 
and HADS1 # connects 
to the state ma- 
chine. 


HOST BYTE ENABLES 
(HBE3#-HBEO#) 
Bidirectional 


HBE(3:0)# 
are inputs to the EBC when the Host bus 
master 
is addressing 
an 
EISAIISA 
slave 
and 
are 
translated 
to BE(3:0) #, SBHE #, SA(1 :0). 


HBE(3:0)# 
are outputs 
during 
EISA bus master 
cy- 
cles, or when the ISP is performing 
DMA or refresh 
cycles, 
and are derived 
from 
BE (3:0) #. 
They 
are 
also outputs 
during ISA bus master cycles, 
in which 
case they are derived 
from SBHE #, SA(1 :0). There- 
fore HBE(3:0) # are outputs 
during all cycles 
except 
CPU cycles. 


HBE3 # applies 
to bits 31-24 
of the host data bus, 
HBE2# 
to bits 
23-16, 
HBE1 # 
to bits 
15-8 
and 
HBEO# 
to bits 7-0. 


When 
the Host bus master 
is addressing 
an EISA/ 
ISA slave, HNA# 
is active for one host CLK1, 
(and 
then 
it is inactive 
and tri-stated) 
after 
the 
address 
has been latched in the external 
address 
buffer, indi- 
cating 
that the CPU can put a new address 
on the 
host bus. HNA# 
is active only during Host bus mas- 


ter cycles, and is tri-stated 
for other cycles. An exter- 
nal 10K pullup resistor 
is required 
if HNA # is used. 
See Figure 2-1. HNA# 
TIMINGS. 


HOST DATA OR CONTROL 
(HD/C#) 
Bidirectional 


This signal 
distinguishes 
between 
data and control 
cycles. 
HD/C# 
is an input to the EBC when the CPU 
is master on the Host bus. It is used to decode 
shut- 
down and interrupt 
acknowledge 
cycles. 
HD/C# 
is 
an output 
of the 
EBC when 
the 
ISP is performing 
DMA 
or refresh 
cycles, 
and 
during 
EISAIISA 
bus 
master 
cycles, 
therefore 
HD/C# 
is an output 
for all 
cycles 
except 
CPU cycles. 
HD/C# 
is active 
(high) 
whenever 
it is an output. 
See note in HM/IO# 
pin 
description. 


HM/IO# 
distinguishes 
between 
memory and I/O cy- 
cles. The EBC and the address 
buffers 
(EBB) share 
the responsibility 
of driving 
HM/IO# 
and M-IO. Ta- 
ble 2-1 shows 
how the EBC and the address 
buffers 
share 
this function. 
For example, 
when 
there 
is an 
ISA master, M-IO will be driven by the EBC if 10RC# 
or 10WC# 
is active, and M-IO is an input to the ad- 
dress buffers; 
HM/IO# 
will be an input to the EBC, 


but on the address 
buffers 
HM/IO# 
will follow 
M-IO. 


HM/IO# 
is also used to decode 
shutdown 
and inter- 
rupt acknowledge 
cycles. 


inter 


NOTE: 
For back to back cycles where the ESC drives HM/ 
10# followed by the CPU driving HM/IO#, 
the ESC 
may not tri-state 
HM/IO# 
before 
the CPU begins 
to drive HM/lO#. 
The resulting 
potential 
bus con- 
tention 
does 
not cause 
system 
errors 
unless 
the 
CPU is unable to drive HM/IO# 
to its correct 
level 
before HM/IO# 
is sampled by another device. This 
only occurs when the CPU drives HM/lO# 
lowaf- 
ter the ESC drives HM/lO# 
high (Le., refresh cycle 
followed 
by a CPU write to I/O). 
The CPU state 
tracker in the EISA schematics 
for both 386 micro- 
processor 
and i486 microprocessor 
based systems 
samples 
HM/IO# 
at the end of T1. If the CPU has 
not driven HM/IO# 
to the correct logic level by the 
end of T1, the CPU state tracker will incorrectly 
in- 


terpret the cycle, resulting in system errors. For 386 
microprocessor 
based 
systems 
with a 385 cache 
controller, 
the 
HM/IO# 
signal 
is usually 
latched. 


Since 
the 
logic 
device 
which 
latches 
HM/IO# 
(74F821 in the EISA schematics 
for 386 microproc- 
essor 
based 
systems) 
is able 
to 
drive 
HM/IO# 
quickly 
even 
though 
the 
ESC 
has 
not 
tri-stated 
HM/IO#, 
HM/IO# 
will 
contain 
the 
correct 
logic 
level by the end of T1. However, 
for i486 micro- 
processor based systems, the i486 may not be able 
to drive HM/IO# 
low before the end of T1. There- 
fore, a 470n 
resistor is necessary 
on the HM/lO# 
line between the i486 microprocessor 
and the ESC. 
The 470n 
resistor 
limits the current 
on the 
HM/ 
10# 
signal, 
allowing 
HM/IO# 
to 
be 
pulled 
low 
more quickly. 
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EISA Bus Controller 
(EBC) 


CPU 
Input 
Input 
DMA (Refresh) 
Driven High 
Input 
EISA 
Input 
Input 
ISA 
Input 
Driven =IORC# 
"OR" 
10WC# 


Address 
Buffers 
(EBB) 


CPU 
Input 
Driven 
= HM/IO# 
DMA (Refresh) 
Input 
Driven 
= HM/IO # 
EISA 
Driven 
= M-IO 
Input 
ISA 
Driven 
= M-IO 
Input 


This signal distinguishes 
between 
write and read cy- 
cles. 
It is an input to the ESC when 
the Host 
bus 
master is addressing 
an EISA/ISA 
slave or when the 
ISP is performing 
DMA or refresh cycles. 
It is propa- 
gated 
to the 
EISA 
bus as W-R, 
and 
if necessary 
causes 
the 
appropriate 
ISA command. 
HW/R# 
is 
also 
used 
to 
decode 
shutdown 
and 
interrupt 
ac- 
knowledge 
cycles. 
HW/R# 
is an output 
of the ESC 
when an EISA/ISA 
master 
is in control 
and it is de- 
rived from W-R for EISA bus masters, 
and 10RC#1 
MRDC# 
and 10WC#/MWTC# 
for ISA bus masters. 


HOST BUS LOCAL MEMORY 
(HLOCMEM#) 
Input 


This signal 
indicates 
that a host bus memory 
slave 
has decoded 
the current address 
as its own (without 
being internally 
preconditioned 
to the HM/IO# 
sig- 
nal). When the CPU is the master 
and is performing 
a memory 
cycle, then the ESC will not start a cycle 
on the EISA bus if this signal is active. 
During DMA 
cycles, 
or during 
EISA/ISA 
bus master 
memory 
cy- 
cles, this signal 
is used by the ESC to determine 
if 
the memory 
address 
being accessed 
is on the host 
bus. 
For 
EISA 
master 
memory 
cycles, 
if 
HLOC- 
MEM# 
is active then EX32# 
is always driven active 
by the ESC. 


During 
refresh 
cycles 
HLOCMEM # must be driven 
active at the rising edge of START #. T1 Ob and T1 Oc 
set up and hold requirements 
must be met. 


This signal 
indicates 
that a host bus 1/0 
slave 
has 
decoded 
the current address 
as its own (without 
be- 
ing internally 
preconditioned 
to the HM/IO# 
signal). 
When the CPU is the master, and is performing 
an II 
o cycle, 
then the ESC will not start a cycle 
on the 
EISA bus if this signal is active. During EISAIISA 
bus 
master 
1/0 cycles 
this signal is used by the ESC to 
determine 
if the I/O 
being accessed 
is on the host 
bus. For EISA master I/O cycles, 
if HLOCIO# 
is ac- 
tive then EX32 # is always active. 
For ISA bus mas- 
ter 
cycles, 
if 
HLOCIO# 
is active 
this 
will 
cause 
1016# 
to become 
active. 


This 
input 
can be used 
by host 
bus slaves 
during 
EISA/ISA 
bus 
master 
cycles 
or 
DMA 
cycles 
to 
stretch the low part of SCLK during CMD #. This has 
the effect 
of stalling 
the 
EISA/ISA 
master, 
without 
adding 
SCLK 
wait states. 
If HSTRETCH# 
is sam- 
pled active, 
SCLK will remain low. It is then sampled 
at every 
other 
HCLKCPU 
rising edge 
for 386 sys- 
tems 
(CLK1 
interval) 
and 
every 
HCLKCPU 
rising 
edge for i486 systems, 
until it is sampled 
inactive. 


When 
HSTRETCH # 
is sampled 
inactive 
SCLK will 
then go high. The HSTRETCH # inactive 
edge must 
be set-up to the HCLKCPU 
rising edge where 
SCLK 
is to go high. Note: 
Do not hold HSTRETCH 
# 
low 
for 
more 
than 
400 
ns, 
and 
do 
not 
assert 
HSTRETCH# 
until 
CMD# 
is 
active. 
To 
prevent 
HSTRETCH# 
from being driven active while CMD# 
is inactive, 
gate 
HSTRETCH# 
with 
CMD# 
active. 


HSTRETCH # 
should 
not 
be 
used 
in DMA 
burst 
memory 
write 
cycles. 
Use 
EXRDY 
or CHRDY 
in- 
stead. 


This 
signal 
indicates 
the 
cycle 
termination 
on the 
host 
bus. HRDYI# 
is monitored 
when 
the CPU is 
addressing 
host slaves, in order to track CPU cycles. 
When the CPU is accessing 
an EISA slave, the ESC 
does back-to-back 
EISA bus cycles whenever 
possi- 
ble; it does not wait for HRDYI # after the EISA cycle 
ends, so HRDYI # cannot 
be delayed 
by more than 
1 CLK1 from HERDYO#. 


HRDYO# 
is driven 
for 
CPU 
master 
to 
EISA/ISA 
slave, 
halt, 
shutdown, 
and 
ISP cycles. 
When 
the 
CPU is addressing 
an EISAIISA 
slave, this signal is 
driven active to indicate that the ESC has completed 
the 
cycle, 
as 
generated 
from 
EXRDY, 
CHRDY, 
NOWS #, 
DRDY, 
whichever 
is appropriate. 
In the 
next cycle, 
HRDYO# 
is driven 
inactive 
and then tri- 
stated. 
For halt and shutdown 
cycles, 
the ESC re- 
sponds 
with 
a HRDYO# 
in zero 
CPU wait 
states 
(non-pipelined). 


This is an early version 
of the ready output from the 
ESC to be synchronized 
externally 
for use with the 
higher 
frequency 
CPUs where 
HRDYO# 
does 
not 
provide 
adequate 
set-up time. During CPU halt and 
shutdown 
cycles, 
HERDYO# 
is not any earlier than 
HRDYO #. The need for external 
synchronization 
for 
higher 
frequency 
CPUs 
could 
cause 
an extra 
wait 
state 
to be added 
for halt/shutdown 
cycles. 
Unlike 
HRDYO#, 
HERDYO# 
is not tri-stated 
after 
being 
driven 
inactive. 


This 
is the 
hold request 
to the 
host, and is driven 
active 
by the ESC when the ISP drives 
DHOLD 
ac- 
tive 
to indicate 
an EISA/ISA 
bus master 
requests 
control 
or that a DMA device 
needs 
service. 
This is 
synchronous 
to 
the 
host 
CPU's 
internal 
clock 
(HCLKCPUl2 
for 386 and HCLKCPU 
for i486), and 
meets the set-up and hold time requirement 
for a 25 
MHz CPU. At 33 MHz, 
external 
synchronization 
is 
required. 
This 
signal 
is interlocked 
with 
RSTCPU 
such that only one of them will become 
active 
at a 
time. 


This 
input 
to the 
ESC is synchronous 
to the 
host 


CPU's internal 
clock and is driven active by the host 
bus master 
to indicate 
that it has relinquished 
con- 
trol of the bus. 


This signal 
is driven 
active 
by the host bus master 
when 
a locked 
bus cycle 
is occurring 
on the 
Host 


bus. 
If the 
addressed 
device 
is on the 
EISA 
bus, 


HLOCK# 
is propagated 
to LOCK# 
on the EISA bus. 


HLOCK# 
must be sampled 
inactive 
before the ESC 
will drive LOCK # inactive on the EISA bus. Figure 2- 
3(a-b) show examples 
of locked 
cycles. 


This signal is driven by the ESC during any memory 
write 
cycle 
on the 
host 
bus; 
for 
example, 
1/0 
to 
memory 
DMA cycles, or EISA/ISA 
bus master mem- 


ory write cycles, 
or CPU memory 
write cycles. 
In the 
386 
system, 
the 
82385 
cache 
controller 
uses 
HSSTRS# 
to maintain 
cache 
coherency 
with data 
stored 
in EISA or host memory. 
To maintain 
cache 
coherency 
in the i486 system, 
HSSTRS # is tied to 
EADS# 
on the i486 CPU. 


However, 
in order to prevent 
the i486 microproces- 


sor from snooping 
the bus during 
host write cycles, 


the HSSTRS# 
signal must be qualified 
with HHLDA 
active. 
If the 
i486 
microprocessor 
is performing 
a 
write cycle and snoops 
the bus, it will invalidate 
the 
tag of the cache 
line which 
it has just written 
to its 
internal cache. For i486 microprocessor 
systems 
op- 
erating 
at 33 MHz, 
the 
active 
edge 
of HSSTRS# 


needs 
to be externally 
synchronized 
to HCLKCPU 
with a registered, 
E-speed 
PLD in order to meet tim- 


ing requirements. 
The 
HSSTRS# 
signal 
must 
be 
qualified 
with 
HHLDA 
and 
synchronized 
to 
HCLKCPU 
in the 
same 
registered, 
E-speed 
PLD. 


HHSTRS # 
can 
not 
be 
delayed 
by one 
or 
more 
HCLKCPU 
periods 
in 25 MHz systems. 


See Figures 
2-2(a-c) 
for Snoop 
Strobe 
timings 
dur- 
ing HOST, 
EISA, 
and 
DMA 
master 
cycles. 
During 
DMA and EOISAmaster 
non-burst 
cycles 
HSSTRS # 


is generated 
for one CLK1 duration 
after START # is 
driven 
inactive. 


inter 


START' 
~_~ 
_ 


CWO, 
: 


HOST GREATER 
THAN 
16 MEGABYTES 
(HGT16M#) 
Input 
cles only. The ESC uses this signal during 
DMA cy- 
cles 
to determine 
whether 
or not to generate 
ISA 
memory 
command 
signals, 
MRDC# 
and MWTC#. 


These 
ISA 
memory 
command 
signals 
(MRDC#, 


MWTC #) will always 
be generated 
during 
DMA cy- 


cles, 
except 
when 
a 32-bit 
or 16-bit 
EISA memory 
slave, 
or 
host 
memory 
slave 
responds 
and 
HGT16M# 
is active, 
as shown 
in Table 2-2. 


1-284 


This signal indicates 
the address 
of the current cycle 
is 
greater 
than 
the 
range 
of 
OOOOOOOOhto 
OOFFFFFFh (16 Mbytes). 
HGT16M # is driven by the 
ISP for all addresses 
above 
16 Mbytes 
for DMA cy- 


inter 


DMA Compatible 


Memory 
Slave 
CPU Master 
Cycle 
DMATypeA/B 
DMATypeC 
Address 
Range 
Address 
Range 
Address 
Range 
Address 
Range 
Responding 
<16M 
>16M 
<16M 
>16M 
<16M 
>16M 
<16M 
>16M 


ISA Slave 
ISAMCMD 
ISAMCMD 
ISAMCMD 
ISAMCMD 
ISAMCMD 
ISAMCMD 
NA 
NA 


EISA SLAVE 
ISAMCMD 
(Note 2) 
(Note 3) 
(Note 2) 
(Note 1) 


Host Slave 


For example, 
the diagram shows that the EBC will generate 
MRDC# 
or MWTC# 
if only an ISA slave responds 
to an address 
below 
16 Meg or above 
16 Meg during 
a DMA 
compatible 
cycle. 
Secondly, 
the 
EBC will 
generate 
MRDC# 
or MWTC# 
if only an EISA slave responds 
to an address 
below 
16 Meg, but if the address 
is above 
16 Meg, MRDC#/MWTC# 
will not be generated 
by the EBC during a DMA compatible 
cycle. lastly, 
the EBC will not generate 
MRDC# 
or MWTC#, 
if only a host slave responds 
to any address 
during a DMA 
compatible 
cycle. 
If both an ISA and EISA slave respond 
to an address, 
the EBC will give the EISA slave by 
generating 
only EISA cycles. 


NOTES: 
ISAMCMD 
= MRDC# 
or MWTC# 
1. This is necessary 
due to DMA 
devices 
that use ISA Memory 
command 
signals 
to begin a cycle early. No possible 
conflict 
occurs 
because 
the address 
is less than 
16 Mby1es and all devices 
decode 
all 23 bits. 
2. The 
ESC does 
not generate 
ISA Memory 
command 
signals 
for this condition 
because 
an ISA memory 
slave 
may incor- 
rectly 
respond 
since the ISA memory 
slave decodes 
only 23 bits. 
3. For Type 
AlS 
cycles 
the ESC does 
not generate 
ISA memory 
command 
signals. 
This implies 
that the DMA I/O 
devices 
that use memory 
command 
signals 
to begin a cycle 
early may not use Type AlS 
cycles. 


The DMA always 
generates 
ISAIOCMDs 
for I/O cy- 
cles, 
but in read/write 
memory 
cycles 
ISAMCMDs 
may not get generated. 
The decision 
to generate 
or 
not generate 
ISAMCMDs 
is necessary 
in case 
the 
memory 
address 
is above 
16 Mbytes, 
so that 
ISA 
slaves 
and EISA slaves 
don't 
respond 
at the same 
time. 


HKEN # is used in i486 systems 
during host master 
memory 
read 
cycles 
to the 
EISA/ISA 
bus. 
It indi- 
cates 
that 
the 
current 
address 
is cacheable 
and 
therefore 
all four bytes are required 
for the line fill in 
the i486 internal 
cache, regardless 
of the HBE(3:0) # 
value. 
This 
signal 
is derived 
from 
the 
cacheability 
map logic 
and must 
be activated 
only for memory 
read cycles. 


2.2 EISA Bus Interface Signals 


BYTE ENABLES 
(BE3 # - BEO # ) 
Bidirectional 


These 
signals 
indicate 
which 
bytes 
on 
the 
32-bit 
EISA 
data 
bus 
are 
involved 
in the 
current 
cycle. 


BE(3:0) # are pipelined 
from 
one cycle 
to the next 
and must be latched 
by the EISA slave. During stan- 
dard cycles, 
they are valid before 
BALE goes active 
and 
remain 
valid 
as long as the 
lA(31 :2) address 
lines remain 
valid. 
BE(3:0) # are outputs 
when 
the 
CPU is addressing 
an EISA/ISA 
slave, during 
EISA 
master cycles 
where a mismatched 
slave responds, 
or DMA cycles where a mismatched 
slave responds. 


Under those 
conditions, 
BE(3:0) # are derived' com- 
binatorially 
from 
HBE(3:0) # 
after 
the 
first 
falling 
edge of BClK 
during 
CMD# 
of the previous 
cycle, 
except 
in 
i486 
systems 
when 
HKEN# 
is 
active 
(BE(3:0) # is forced 
to 0000). 
They are also driven 
during 
ISA master 
cycles, 
excluding 
ISA master 
re- 
fresh 
cycles, 
and 
are derived 
combinatorially 
from 
SA(1 :0) and SBHE #. 
They 
are inputs 
during 
EISA 
bus master 
cycles 
or when 
the 
ISP is performing 
DMA or refresh cycles. BE(3:0) # are sampled 
by the 
EBC at the end of START #, and are translated 
to 
HBE(3:0)#, 
SAO, SA1, 
and 
SBHE#. 
The 
switch 
from 
inputs 
to outputs 
occurs 
one 
BClK 
after 
the 
end of the first START #, and switches 
back to being 
inputs 
with the 
negation 
of the last CMD #. 
BE3 # 
applies to bits 31-24 
of the EISA data bus, BE2# 
to 
bits 
23-16, 
BE1 # 
to 
bits 
15-8, 
and 
BEO# 
to 
bits 7-0. 


Table 
2-3. BE(3:0)# 
Signal 
Translation 


Input 
Signals 
Output 
Signals 
SBHE# 
SA1 
SAO 
BE(3:0)# 


0 
0 
0 
1100 
0 
0 
1 
1101 
0 
1 
0 
0011 
0 
1 
1 
0111 
1 
0 
0 
1110 
1 
0 
1 
IllEGAL 
1 
1 
0 
1011 
1 
1 
1 
IllEGAL 


inter 


This signal is used to distinguish 
between 
a memory 
cycle (high) and I/O cycle (low) during EISA Bus cy- 
cles. It is driven during ISA master cycles and is driv- 
en low if 10RC# 
or 10WC# 
go active. 
M-IO stays 
low as long as 10RC# 
or 10WC# 
are active. M-IO is 
floated 
during 
ISA master 
refresh 
cycles. 
At other 
times 
M-IO is high and it is initially 
set high to indi- 
cate memory. 
M-IO is an input during CPU, DMA, or 
EISA bus master cycles. This signal is pipelined 
from 
one cycle 
to the next, and must be lat<:hed by the 
slave. See Table 2-1, for M-IO decode 
information. 


This signal is used to distinguish 
between 
EISA read 
(low) and write (high) cycles. 
W-R is an input to the 
EBC during EISA master cycles and is propagated 
to 
the host bus as HW /R #. It is an output 
of the EBC 
for 
all cycles 
except 
EISA 
master 
cycles, 
and 
is 
derived 
from 
HW/R#. 
W-R 
is 
generated 
with 
START #, but is valid only until a half a BCLK after 
CMD# 
becomes 
active. 


START # provides 
timing 
control 
at the start of the 
cycle. 
START # is an input to the EBC during 
EISA 
bus master cycles and is used to start cycles on the 
host bus. START # is an output of the EBC when the 
CPU is the master, 
and is generated 
in response 
to 
the beginning 
of a cycle on the host bus to which no 
host slave responded. 
START# 
is driven 
active 
af- 
ter the address 
LA(31 :2) and M-IO have become val- 
id. It is also 
driven 
by the 
EBC when 
the 
ISP re- 
quests 
DMA or refresh 
cycles, 
during 
ISA bus mas- 
ter cycles to EISA slaves, during ISA master 
I/O cy- 
cles to ISA I/O slaves, and when the EBC translates 
a 16-bit or 32-bit EISA bus master 
cycle into cycles 
for an EISAlISA 
slave with a smaller 
data bus size. 
Essentially, 
START # is an output 
of the EBC for all 
cycles 
except 
EISA master 
cycles, 
but even during 
this 
time 
START # 
becomes 
an 
output 
if a mis- 
matched 
slave, 
or 
an 
ISA 
slave 
responds. 
This 
switch 
from 
input to output 
happens 
at the end of 
the first 
START #, 
and 
switches 
back 
to being 
an 
input with the negation 
of the last CMD#. 
The trail- 
ing edge 
of START # 
is always 
triggered 
from 
the 
rising edge of BCLK after one BCLK cycle time. 


This signal provides 
timing control 
within the cycle. It 
is driven 
active from the rising edge of BCLK simul- 
taneously 
with 
the 
negation 
of 
START # 
and 
re- 
mains asserted 
until the end of the cycle. It is gener- 
ated by the EBC during any EISA cycle, for example; 
EISA 
bus 
master 
cycles, 
translated 
host 
cycles, 


translated 
ISA cycles, 
or multiple 
EISA 
cycles 
for 
data assembly/disassembly. 
It is also active for ISA 
I/O cycles 
(for a possible 
ISP access). 
CMD# 
goes 
inactive 
from 
BCLK's 
rising 
edge, 
except 
during 
some types of DMA cycles 
and ISA bus master 
cy- 
cles. CMD# 
is driven 
inactive 
asynchronously 
from 
the trailing 
edge of the ISA command 
signal during 
ISA master 
read cycles. 


This signal 
is an input to the EBC for an EISA bus 
master to indicate 
that the EISA bus master 
is capa- 
ble of supporting 
the 
next 
cycle 
as a burst 
cycle. 


MSBURST# 
is an output during DMA cycles, if DMA 
burst mode has been decoded. 
MSBURST # should 
be sampled 
by the memory slaves on the rising edge 
of BCLK. 


This signal is driven 
active 
by EISA memory 
slaves 
to indicate 
that they are capable 
of accepting 
burst 
cycles. SLBURST# 
is sampled 
on the rising edge of 
BCLK when the DMA master 
requests 
burst cycles. 


EISA 32-BIT DEVICE 
(EX32 #) 
Bidirectional-Open 
Collector 


This signal is driven active 
by 32-bit 
EISA slaves 
to 
indicate their 32-bit data bus size. When a 32-bit 386 
CPU, i486 CPU, or a 32-bit 
EISA bus master 
is ad- 
dressing 
a slave on the EISA bus, then a slave driv- 
ing EX32# 
active 
indicates 
a matched 
data 
size, 


and no multiple 
EISA or ISA cycles are necessary. 
If 
no slave on the EISA bus activates 
EX32 #, and if no 
host 
bus 
slave 
responds 
(HLOCMEM# 
or 
HLOCIO# 
inactive), 
then the EBC will assemble 
or 
disassemble 
the data, running 
multiple 
EISA or ISA 
cycles 
if necessary, 
and then activate 
EX32# 
to in- 
dicate completion 
of the cycle. If a slave on the host 
bus responds 
to a 32-bit EISA master cycle, then the 
EBC activates 
EX32 #. If host memory 
does not re- 
spond during DMA cycles, the EBC samples 
EX32# 
to determine 
the data bus width of the memory 
being 
addressed. 


When 
a 
16-bit 
EISA 
bus 
master 
is addressing 
a 
32-bit 
slave on the EISA bus, EX32 # driven 
active 
by the slave indicates 
a mismatched 
data size. Then 
the EBC reroutes 
the data and drives EX32# 
active 
to indicate 
the end of cycle to the master. 
EX32# 
is 
driven for the duration 
of half a BCLK from the falling 
edge 
of BCLK 
before 
the 
rising 
edge 
of the 
last 
CMD# 
signal of the cycle. 


During refresh 
cycles, 
EX32 # must be driven active 
at the rising edge of START #. T26d and T26e setup 
and hold times must be met. 


inter 


HAOS' tiJ 
~ 
~ 


HLOCK, ;\ 
, * 
* 
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START' 
~ 
I 
~ 
I 


CWO, 
~ 
I 
~ 
I 


HRDYl' 
U 
U 


LOCK' 
:\ 
~ 


EISA 16-BIT DEVICE 
(EX16#) 
Bidirectional-Open 
Collector 


This signal is driven 
active 
by 16-bit EISA slaves 
to 


indicate 
their 
16-bit 
data 
bus size. When 
a 16-bit 


EISA bus master 
is addressing 
a slave 
not on the 
host bus, EX16# 
indicates 
a matched 
data size, and 


no multiple 
ISA cycles are necessary. 
If no slave on 


the 
EISA bus drives 
EX16# 
active, 
and if no host 
bus slave responds, 
the ESC will assemble 
or disas- 


semble 
the data, running 
multiple 
ISA cycles 
if nec- 


essary, 
and 
then 
drives 
EX16# 
active 
to indicate 


completion 
of the cycle. 
If host memory 
did not re- 


spond 
during DMA cycles, 
or during 
ISA master 
cy- 


cles, the ESC samples 
EX16# 
to determine 
the data 
bus width of the memory 
being addressed. 


When 
a CPU, or a 32-bit 
EISA 
bus master 
is ad- 
dressing 
a 16-bit slave not on the host bus, EX32# 


sampled 
inactive 
indicates 
a mismatched 
data size, 
and 
multiple 
EISA 
cycles 
are run before 
the 
ESC 
drives 
EX32# 
active to indicate 
the end of cycle to 


the master. 
EX32# 
is driven 
for half a SCLK from 


the falling 
edge of SCLK before 
the rising edge of 


the last CMD# 
signal of the cycle. 


EXRDY indicates 
the slave is ready to terminate 
the 


cycle. It is sampled 
on the falling edge of SCLK after 
CMD# 
has been driven active, and if inactive, 
each 


falling 
edge 
thereafter. 
The CMD# 
signal 
remains 
inactive 
half a SCLK after EXRDY is sampled 
active. 


This results in an a,dded wait state in the given cycle. 
EXRDY # 
is sampled 
when 
the CPU is addressing 


EISA or ISA slaves, 
and is propagated 
to the host 


bus as HERDYO#, 
and HRDYO# 
when 
the entire 


assembly / disassembly 
sequence 
is 
done 
(if 
re- 


quired). 
It is also sampled 
during all other EISAIISA 


bus master 
cycles, 
to determine 
the end 
of cycle. 


When the ISP is performing 
DMA or refresh 
cycles, 


EXRDY 
is sampled 
if an EISA slave 
responds 
with 


EX16# 
or EX32#, 
and is propagated 
to the ISP as 


DRDY. This signal 
is forced 
low for a SCLK at the 


start of a potential 
DMA burst write. Table 2-6 shows 


EXRDY and CHRDY translation. 


This 
signal 
is driven 
active 
by the 
ESC when 
the 


host master is running 
locked 
cycles to EISA slaves 


(HLOCK# 
has been driven active). 
This guarantees 


exclusive 
memory 
access 
during the time LOCK # is 


asserted. 
If HLOCK# 
is sampled 
active 
in the first 


host clock 
(CLK1) of START#; 
then LOCK# 
is driv- 


en active. 
LOCK# 
remains 
active 
until HLOCK# 
is 


sampled 
inactive 
in the 
first 
host 
clock 
(CLK1) 
of 


START # of another 
host master 
cycle, 
or during 
a 


host 
master 
idle cycle 
following 
three 
host 
clocks 


after the end of CMD #. 
If there 
is an idle cycle 
in 


between 
a locked 
cycle and an unlocked 
cycle, the 


LOCK # 
signal 
will 
remain 
active 
as 
long 
as 


HLOCK# 
is active. 
Figure 2-3a and 2-3b depict 
the 


ESC sampling 
points of HLOCK# 
and HLOCK's 
ef- 


fect 
on 
LOCK #. 
LOCK # 
may 
be 
driven 
inactive 


inter 
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Figure 2-3b. Host Master Locked 
Cycle to EISA Slave 


asynchronous 
to BCLK. 
If this occurs 
in a system 
2-4a and 2-4b show how the EBC can stretch 
BCLK 


with dual ported 
memory, 
the EISA bus master 
may 
multiple 
ways in 33 MHz and 25 MHz CPU systems. 


not be able to access 
the dual ported 
memory 
for 1 
BCLK after the CPU has driven 
HLOCK# 
inactive. 


For 386 CPU systems 
with an 82385 Cache Control- 


ler, 
2 
CLK1 
delays 
must 
be 
inserted 
between 
LOCK# 
from 
the 386 CPU and HLOCK# 
into the 
EBC. This 
is to allow 
the 
EBC to continue 
driving 
LOCK # on the EISA bus during 
a write 
cycle 
of a 
LOCK # sequence, 
since write cycles 
are posted 
by 
the 82385 
cache 
controller. 


For 
386 
CPU 
systems 
without 
the 
82385 
Cache 
Controller 
or for i486 CPU based 
systems, 
LOCK # 
from 
the 
CPU 
is 
a 
direct 
connect 
to 
the 
EBC 
HLOCK# 
pin. 


2.3 
ISA Bus Interface 
Signals 


Bus Address 
Latch Enable (BALE) 
Output 


This signal 
is driven 
active 
to indicate 
that 
a valid 
address 
is present 
on 
the 
LA address 
bus. 
ISA 
slaves 
should 
use the falling 
edge of BALE to latch 


the LA bus. The EBC holds 
BALE active 
whenever 


HHLDA 
is active, 
except 
for 
EISA bus masters. 
If 


EXMASTER 
# is active while HHLDA is active, BALE 


will 
be driven 
active 
combinatorially 
with 
HHLDA. 


BALE is driven active for one half BCLK during CPU 
cycles to the EISAIISA 
bus, and during EISA master 


cycles. 
In cases of stretching 
BCLK, BALE could be 
driven 
active 
for as much 
as a BCLK. 
Figure 
2-5b 


shows 
a one 
BCLK 
stretch 
for 
BALE. 
For 
ISA or 


DMA cycles, 
BALE is continuously 
active. 


The EBC divides 
the HCLKCPU 
by a divisor 
based 


on how CPU(3:0) 
are strapped, 
to generate 
BCLK. 
(See 
Table 
2-4.) 
The 
maximum 
frequency 
is 
8.333 MHz with a normal 
duty cycle of 50%. 
Figure 


The high or low time can be stretched 
to synchro- 


nize BCLK to the following 
three conditions: 


a. End 
of 
cycle 
on 
the 
EISA 
bus 
when 


HSTRETCH # is sampled 
active. This results in 


holding 
BCLK low until HSTRETCH# 
has been 


sampled 
inactive. 


b. When a Host bus master 
is accessing 
an EISA 


or ISA slave, 
the rising edge 
of BCLK 
is syn- 


chronized 
to the falling 
edge of CMD #. 


c. When 
an 
ISA 
master 
is accessing 
an 
EISA 


slave, the rising edge of BCLK is synchronized 
to the falling edge of CMD#. 


Figure 2-5 (a through 
c) show the above conditions. 


Note that ISA master or Host bus master to any non- 
host 
slave 
cycle 
generates 
START# 
and 
CMD# 


signals (EISA cycle) except during ISA master to ISA 
slave cycles. 
This will result 
in stretching 
BCLK as 


described 
in the above three conditions. 


As a result of stretching, 
BCLK may not have a fail- 
ing edge 
during 
the 
duration 
of START #. 
Events 


that 
are 
synchronized 
to 
BCLK 
edges 
should 
be 


done without 
regard to frequency 
or duty cycle. 


Note that BCLK needs to drive BCLKIN 
for the EBC 


to function 
correctly. 


Table 2-4. BCLK Generation 
from HCLKCPU 


CPU(3:0) 
BCLK Freq. 
HCLKCPU 
Divided 
By 


1010 - 
25 MHz 386 
8.33 MHz 
/6 


1011 - 
33 MHz 386 
8.25 MHz 
/8 
1100 - 
25 MHz i486 
8.33 MHz 
/3 
1101 - 
33 MHz i486 
8.25 MHz 
/4 


NOTE: 
All other 
bit combinations 
are reserved. 


inter 
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NOTE: 
CLK1 is ESC Internal 
CLK1. 


inter 
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INACTIVE, 


BClK AND Ct.lD# Will 
THEN GO HIGH. 
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BY THE EBC AT THE ClKl 
EDGE WHERE 


Ct.lD# WOULD HAVE BEEN DE-ASSERTED. 
IF HSTRETCH# IS SAt.lPlED 


ACTIVE Ct.lD# AND BClK ARf" STRETCHED lOW. 
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I 
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• 
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(CASE C) ISA MASTER ACCESSING EISA SLAVE 
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L EBC GENERATES STARTH AND SAMPLES 
BCLK FOR STRETCHING 
L EBC SAMPLES MRDCH, MWTCH, 10RCH OR 10WCH 
ACTIVE ON CLK 1 EDGE 


Figure 2-5c. BCLK Stretching 


16-BIT MASTER 
(MASTER16#) 
Input 
is in control 
and is translated 
to EISA control 
signals. 


This signal indicates 
a 16-bit EISA or ISA master has 
control 
of the 
EISA bus. MASTER16# 
is sampled 
twice: once at the beginning 
and once at the end of 
START #. If it was inactive 
at the first sampling, 
and 
active 
at the second 
sampling, 
the ESC treats 
this 
as a cycle 
from a 32-bit 
EISA master 
that is down- 
shifting 
to 16-bits in order to be able to burst. 


I/O READ CONTROL 
STROBE 
(IORC#) 
Bidirectional 


This is the command 
to an ISA I/O slave that it may 
drive data to the data bus. 10RC# 
is an output 
sig- 
nal for all cycles, 
except 
when the ISA master owns 
the bus during a non-refresh 
cycle. The ESC drives 
10RC# 
active 
when the CPU or an EISA master 
is 
addressing 
an ISA I/O slave, and during DMA mem- 
ory write cycles. 
It is an input when an ISA master is 
in control 
and is translated 
to an EISA cycle, whch is 
always 
broadcasted 
(START# 
and CMD# 
activat- 
ed). If no slave on any bus responds, 
translation 
de- 
faults to an 8-bit ISA slave. 


I/O WRITE 
CONTROL 
STROBE 
(IOWC#) 
Bidirectional 


This is the command 
to an ISA I/O slave that it may 
latch 
data 
from 
the 
data 
bus. 
The 
ESC 
drives 
10WC# 
active 
when the CPU or an EISA master 
is 
addressing 
an ISA I/O 
slave, 
and 
during 
memory 
read DMA cycles. 
It is an input when an ISA master 


16·BIT I/O (1016#) 
Bidirectional-Open 
Collector 


16-bit 
ISA I/O 
slaves 
decode 
SA(15:1) 
on the 
ISA 
bus without 
regard to 10RC# 
or 10WC#, 
and drives 
1016# 
active 
indicating 
that 
the 
16-bit 
ISA 
I/O 
slaves 
are capable 
of performing 
16-bit 
transfers. 


The 
ESC drives 
1016# 
during 
ISA master 
cycles 
when 
a host 
I/O 
slave 
has responded 
with 
HLO- 
CIO#. 
It is the responsibility 
of 16- and 32-bit 
EISA 
I/O slaves to drive 1016# 
active, when they decode 
their address 
(ignoring the M-IO signal). 1016# 
is an 
input to the ESC during CPU cycles to the EISA bus 
and EISA master 
cycles. 


MEMORY 
READ CONTROL 
STROBE 
(MRDC#) 
Bidirectional 


This is the command 
to an ISA memory 
slave that it 
may drive data to the data bus. MRDC# 
is an output 
when the CPU, an EISA master, 
or DMA is perform- 
ing a memory 
read cycle to which 
neither 
host bus 
memory 
nor EISA memory 
responded. 
During mem- 
ory read compatible 
DMA cycles, 
MRDC# 
is driven 
active in all cases, except when a 16- or 32-bit EISA 
memory, 
or host memory 
responds 
and the address 
is above 
the 
range 
of OOOOOOOOhto OOFFFFFFh 
(HGT16M# 
has been driven active). MRDC# 
is also 


an output for ISA master refresh cycles. It is an input 
when an ISA master is in control 
and is translated 
to 
EISA control 
signals 
if EX32# 
or EX16# 
is active. 


MEMORY 
WRITE 
CONTROL 
STROBE 
(MWTC#) 
Bidirectional 


This is the command 
to an ISA memory 
slave that it 
may latch data from the data bus. The EBC activates 
MWTC# 
when the CPU, an EISA master, or DMA is 
performing 
a memory 
write 
cycle 
to which 
neither 
host bus memory 
nor EISA memory 
responded. 
Dur- 
ing memory 
write compatible 
DMA cycles, 
MWTC# 
is driven 
active 
in all cases, 
except 
when 
an EISA 
memory 
responds 
and 
the 
address 
is above 
the 
range of OOOOOOOOhto OOFFFFFFh (HGT16M # has 
been driven active). 
MWTC# 
is an output for all cas- 
es, except 
when the ISA master 
owns the bus. It is 
an input 
when 
an ISA master 
is in control 
and 
is 
translated 
to 
EISA 
control 
signals 
if 
EX32 # 
or 
EX16# 
is active. 


This signal indicates 
that the addressed 
ISA memory 
is capable 
of performing 
16-bit transfers. 
M16# 
is 
decoded 
from 
lA 
(23:17). 
M16# 
is sampled 
by the 
ESC during CPU cycles to EISAIISA 
bus, EISA mas- 
ter cycles 
and 
ISA master 
cycles 
to host 
memory 
slaves. 
Table 
3-2 
ESC 
Cycle 
Translation 
shows 
M16# 
decode 
for slave size determination. 


STANDARD 
MEMORY 
READ CONTROL 
STROBE 
(SMRDC#) 
Output 


This signal is the command 
to an ISA memory 
slave 
that it may drive data to the data bus. The ESC acti- 
vates 
SMRDC# 
during 
CPU, 
DMA, 
or 
EISAIISA 
master 
read 
cycles 
to a 16- or a-bit 
ISA memory 
slave, 
and 
the 
address 
is 
within 
the 
range 
OOOOOOOOhto OOOFFFFFh (GT1 M # 
is inactive), 
or 
during 
refresh 
cycles. 
SMRDC# 
behaves 
with simi- 
lar 
timing 
to 
MRDC#. 
When 
GTIM# 
is 
active, 
SMRDC# 
is floated, 
therefore 
SMRDC# 
needs 
a 
pullup resistor. 


STANDARD 
MEMORY 
WRITE· CONTROL 
STROBE 
(SMWTC #) 
Output 


This is the command 
to an ISA memory 
slave that it 
may latch 
data from the data bus. The ESC drives 
SMWTC # active whenever 
it drives MWTC # active 
and the address 
is within 
the range 
OOOOOOOOhto 
OOOFFFFFh 
(GT1M# 
is 
inactive). 
SMWTC# 
be- 
haves with similar timing to MWTC#. 
When GTIM# 
IS active, 
SMWTC# 
is floated, 
therefore 
SMWTC# 
needs a pullup resistor. 


CHANNEL 
READY (CHRDY) 
Bidirectional-Open 
Collector 


This is used by ISA slaves to insert wait states. The 
falling edge is captured 
asynchronously 
by the ESC, 
and is gated 
on the falling 
edge of BClK 
to deter- 
mine whether 
to add wait states. 
The rising edge is 
synchronized, 
and the ESC stops adding wait states 
on the next rising edge of SClK. 
The ISA command 
signals 
will remain 
active 
at least 
one 
SClK 
after 
CHRDY is sampled 
high. The ESC samples 
CHRDY 
during CPU or EISA bus master cycles to ISA slaves, 
and during 
DMA accesses 
to ISA memory. 
CHRDY 
takes 
precedence 
over 
NOWS#, 
Le. if CHRDY 
is 
inactive, 
NOWS# 
driven 
active 
is ignored. 
CHRDY 
is an 
output 
during 
ISA 
master 
1/0 
cycles 
until 
EXRDY and DRDY are sampled 
high when CMD# 
is 
active 
on SClK's 
falling 
edge. 
CHRDY 
is also 
an 
output during 
ISA master 
memory 
cycles 
not to ISA 
memory 
slaves, 
until 
EXRDY 
and 
DRDY 
are sam- 
pled 
high when 
CMD# 
is active 
on SClK's 
falling 
edge. 
CHRDY 
is 
driven 
inactive 
asynchronously 
from 
ISA command 
signals 
for any ISA master 
to 
EISA cycle translation 
including 
ISA master 
access- 
ing ISA 1/0 slave, and is driven active synchronously 
during CMD# 
after all other 
ready signals 
(EXRDY, 
DRDY) 
are sampled 
high. Table 
2-5 below 
shows 
CHRDY and EXRDY functional 
description, 
and Fig- 
ure 2-6 shows CHRDY 
functionality 
for an ISA mas- 
ter to EISA memory 
slave cycle. 


Master 
EXRDY 
CHRDY 
Conditions 


CPU/EISA 
Input 
Input 
(Note 1) 


DMA 
1/0 
Input 
(Note 1) 
ESC drives EXRDY inactive for 
DMA memory write or 1/0 read burst cycles. 


ISA 
Input 
Output 
EBC drives CHRDY inactive for any I/O 
slave or any EISA memory slave. 
CHRDY is a function 
of EXRDY, and DRDY. (1) 


NOTE: 
1. ESC samples 
CHRDY 
for ISA slaves 
and samples 
EXRDY 
for EISA slaves. 


inter 


CLK1 
~ , 
I 
MRDC#. 


~ 


MWTC# 


CHRDY 
, 
, 
, 


START# 


CMD# 
,, 
, 
••• 3 eLKl', 
M!IO# 
, 
, 


EX16# 
~ 
X 
EX32# 


EXRDY / 


,f 
during 
) 
,\WRITE CYCLES 
I 
.__, 
,,,, 


( 
during 
) 
READ CYCLES 


l''l' , L' 'L' 
L ~XRDy.'DRDY 
~AMPLE~ 
ACTI~E 


BCLK ACTIVE WHEN CMD# ACTIVE 


BCLK INACTIVE IF" STRETCHED HIGH 


BCLK SAMPLED AND STRETCHED 
EBC SAMPLES HLOCIO#. 
HLOCMEM# INACTIVE 


IORC#. IOWC# SAMPLED ACTIVE FOR ISA MASTERS 
EBC SAMPLES EX32#. 
EX16# 
ACTIVE 


NOTE: 
ClKl 
is ESC Internal ClKl. 


•• 


This signal 
is driven 
active 
by ISA slaves 
to delete 
standard 
(default) 
wait states. In order to shorten 
the 
cycle, 
NOWS# 
must 
be 
active 
before 
the 
falling 
edge of BCLK during 
ISA cycles. 
If not superseded 
by the inactive 
edge 
of CHRDY, 
the EBC samples 
NOWS # to delete 
standard 
wait states from host or 
EISA cycles to ISA slaves. 


SYSTEM 
ADDRESS 
BITS 1 and 0 (SA 1, SAO) 
Bidirectional 


These 
are the 
least 
significant 
bits of the 
latched 
EISA address 
bus. They are inputs to the EBC dur- 


ing ISA master cycles, 
excluding 
ISA master 
refresh 
cycles, 
and are used to generate 
BE(3:0)# 
on the 
EISA bus (for a possible 
EISA access) 
and to gener- 
ate HBE(3:0) # on the host bus. They are outputs 
of 


the EBC during 
host accesses 
to EISA/ISA 
slaves, 
and are derived 
from 
HBE(3:0) #. They are derived 


from BE(3:0) #, and are outputs 
during EISA master 
cycles 
to 
ISA 
slaves, 
and 
DMA 
accesses 
to 
ISA 
memory. 


SYSTEM 
BYTE HIGH ENABLE (SBHE #) 
Bidirectional 


This active 
low signal indicates 
the high byte on the 


ISA data bus (SD(15:8)) 
is valid. It is an input when 
an ISA master 
is in control, 
excluding 
ISA master 
refresh 
cycles, 
and is used to generate 
BE(3:0) 
on 


the 
EISA bus (for a possible 
EISA access) 
and to 
generate 
HBE(3:0)# 
on the host bus. SBHE# 
is an 
output during host accesses 
to EISA/ISA 
slaves and 
is derived 
from 
HBE(3:0)#. 
SBHE# 
is also an out- 
put during 
EISA 
master 
cycles 
to ISA slaves, 
and 
DMA 
accesses 
to 
ISA 
memory 
in 
which 
case 
SBHE # is derived 
from BE(3:0) #. 


This input indicates 
the ISP is performing 
a refresh 
cycle. 
During 
refresh, 
the 
EBC generates 
MRDC# 
and 
CMD# 
signals 
to 
refresh 
the 
entire 
system 
memory. 


2.4 
ISP Device Interface 
Signals 


ISP HOLD REQUEST 
(DHOLD) 
Input 


The ISP drives this signal active to request 
the host 
bus on behalf of ISA/EISA 
masters, 
or when a DMA 
device 
requests 
service. 
DHOLD is used to generate 
HHOLD. 


DRDY is an indication 
of the end of a cycle. 
It is an 
input to the EBC when the ISP is in the slave mode. 


- 
. 
. 


inactive 
asynchronously, 
and 
is kept 
inactive 
until 
DRDY is sampled 
active at the falling edge of BCLK 
during CMD# 
active. 
DRDY is an output 
of the EBC 
during 
DMA and refresh 
cycles 
and has two func- 


tions: Two BCLKs after ST3 and ST2 go to their non- 
idle state, DRDY is active (high) if address 
pipelining 
can happen on the host bus. After this, DRDY is the 
indication 
of the end of the current transfer, 
until ST3 
and ST2 become 
inactive 
again. After ST3 and ST2 
are inactive, 
DRDY may still be inactive 
for the last 


transfer. 
Pipelining 
is stopped 
at page breaks 
or at 


the end of the transfer. 
This signal must be tied high 
with a 2.4K pullup resistor. 


This input indicates 
to the EBC that the current 
ad- 
dress 
is 
above 
the 
range 
from 
OOOOOOOOhto 
OOOFFFFFh (1 Mbyte), and if it is not active during a 
CPU or EISA/ISA 
bus master 
or DMA cycle 
to an 
ISA 
memory 
slave, 
then 
the 
EBC 
generates 
SMRDC # or SMWTC #. The ISP generates 
GT1 M # 
for all cycles; 
DMA and non-DMA. 


These 
pins are inputs 
during 
DMA and refresh 
cy- 


cles. They indicate what type of timing has been pro- 
grammed 
for the current 
cycle, 
and the size of the 
I/O 
device 
involved 
in the 
DMA transfer. 
the 
EBC 
will generate 
the appropriate 
command 
signals 
for 


the ISP and will control 
the timing of the cycle. If the 
memory 
which 
responded 
does 
not match 
the size 
of the 
1/0 
device, 
and 
compatible 
timing 
has not 
been selected, 
the EBC will have to perform 
assem- 


bly or disassembly 
of data and use EISA/ISA 
timing. 


(See Table 2-6.) 


During refresh 
cycles, 
ST3 and ST2 follow 
the 8-bit 
cycle 
definition 
(low), and ST1 and STO are unde- 
fined. 


During cycles where the ISP is not the master, these 
status pins are outputs. 


STO is the DMA address 
strobe function 
for the ISP. 


The ISP uses STO to latch the address, 
M-IO, and 
HW/R# 
information. 
(1 = ISP internal 
latch closed; 


o = open.) 
For CPU cycles, 
STO will be active 
low 
for one host CLK1 in the beginning 
of START#; 
for 
EISA cycles, STO will be active during START#; 
and 
for ISA cycles, 
it will be kept low continuously. 


ST1 is the 
memory 
or 1/0 
function 
(1 = Memory 
cycle; 
0 = I/O 
cycle). 
It is derived 
from 
HM/IO# 


during CPU cycles 
to the EISA bus, and from 
M-IO 
during EISA bus master cycles. 


ST(3:0) 
110 Device 
Type & Programmed 
Timing 
Note 


0000 
8-Bit Device and Compatible 
Timing 
A 
0001 
8-Bit Device and Type A Timing 
B 
0010 
8-Bit Device and Type B Timing 
B 
0011 
8-Bit Device and Burst Timing 
C 
0100 
16-Bit Device and Compatible 
Timing 
A 
0101 
16-Bit Device and Type A Timing 
B 
0110 
16-Bit Device and Type B Timing 
B 
0111 
16-Bit Device and Burst Timing 
C 
1000 
32-Bit Device and Compatible 
Timing 
A 
1001 
32-Bit Device and Type A Timing 
B 
1010 
32-Bit Device and Type B Timing 
B 
1011 
32-Bit Device and Burst Timing 
C 
11XX 
No Operation 


NOTES: 
A. The EBC does not assemble 
or disassemble. 
B. Type A/B. 
If the DMA is performing 
Type AlB 
transfers 
and the EBC needs 
to translate 
to ISA memory 
cycles 
(ISA memory 
slave), 
or 
assembly/disassembly 
is required, 
then the cycle 
reverts 
to memory 
timings 
similar to that used with EISA bus masters. 
The 
MRDC# 
and MWTC# 
signals 
are not active 
unless 
the system 
must do assembly/disassembly 
for ISA memory. 
C. Burst cycles. 
If the DMA is performing 
a burst transfer 
and the memory 
does not support 
bursting 
(SLBURST 
# inactive), 
the cycle 
reverts 
to memory 
timings 
similar to the standard 
memory 
cycle 
generated 
by EISA bus masters. 


ST2 
is the 
INTA# 
function, 
which 
is active 
(low) 
when 
the 
EBC decodes 
an interrupt 
acknowledge 
cycle. An interrupt 
acknowledge 
cycle will result in a 
START-CMD 
sequence. 
This 
signal 
must 
be tied 
high with a 1.2K pull up resistor. 


ST3 is the cycle in progress 
(CIP#) 
function, 
indicat- 
ing an EISA bus master 
cycle is in progress, 
and is 
used by the arbitration 
logic in the ISP. This active 
low signal 
is 
driven 
inactive 
at the end of the last 
assembly/disassembly 
cycle. 


This input signal indicates 
a 16- or 32-bit EISA mas- 
ter has control 
of the EISA bus. It is used by the EBC 
in conjunction 
with MASTER16#, 
to distinguish 
be- 
tween 
32-bit 
EISA 
masters, 
16-bit 
EISA 
masters, 
and 16-bit ISA masters. 


EARLY 
INDICATION 
OF 16-BIT ISA MASTER 
(EMSTR16#) 
Input 


This signal from the ISP indicates 
a 16-bit ISA mas- 
ter is in control, 
or about to assume 
control. 
It gives 
the EBC enough 
time to be able to switch the direc- 
tion of the control 
signals 
and the address 
buffers 
between 
the 
host 
bus 
and 
the 
EISA 
bus, 
when 
changing 
from 
host 
initiated 
cycles 
to 
ISA master 
initiated 
cycles. 
Since EMSTR16# 
resets the direc- 
tion of the control 
signals, 
it must be driven 
active 
before 
START # 
is driven 
active 
in the first 
cycle. 


This 
can 
be 
accomplished 
by 
logically 
ANDing 


EMSTR16# 
from 
the 
ISP with SPWROK 
from 
the 
EBC to generate 
the EMSTR16# 
signal to the EBC. 


During 
refresh 
cycles, 
EMSTR16# 
must be pulsed 
active. 


2.5 Data Buffer Control Signals 


copy 
ENABLE 
BETWEEN 
BYTES 
(SDCPYEN01#-03#,13#) 
Output 


This 
signal 
enables 
the 
byte 
copy 
transceiver 
be- 
tween 
the 
EISA 
bus 
data 
bytes 
0, 
1, 2 and 
3. 


SDCPYEN01 
# 
enables 
copying 
between 
data 
bits 
0-7 
and 
data 
bits 
8-15. 
SDCPYEN02# 
enables 
copying 
between 
data bits 0-7 
and data bits 16-23. 


SDCPYEN03 
# 
enables 
copying 
between 
data 
bits 
0-7 
and data 
bits 24-31. 
SDCPYEN13# 
enables 
copying 
between 
data bits 8-15 
and data bits 24- 
31. The ESC does not support 
ISA bus master 
copy 
operations. 
These 
operations 
must be externally 
im- 
plemented. 


COpy 
UP (SDCPYUP) 
Output 


LOW BYTE TO HIGH BYTE - 
This signal controls 
the 
direction 
of the 
byte 
copy 
transceivers. 
When 
active, 
the lower bytes are copied 
on to the higher 
bytes. The direction 
is reversed 
when 
this signal 
is 
inactive. 
Copying 
of data 
bytes 
is done 
when 
the 
data bus size of the master and slave do not match. 
The EBC does not support 
ISA bus master copy op- 
erations. 
These operations 
must be externally 
imple- 
mented. 


•• 


SYSTEM 
(EISA) 
DATA 
TO 
HOST 
DATA 
LATCH 
ENABLES 
(SDHDLE3-0/l) 
Output 


These signals 
latch the data from the EISA bus into 
byte 
latches 
which 
can enable 
data 
onto 
the 
host 
data bus. SDHDLEO/l 
controls 
the latching 
of EISA 
bus 
data 
bits 
7 -0 
to 
host 
bus 
data 
bits 
7-0, 


SDHDLE1/1 
controls 
the latching 
of EISA bus data 
bits 15-8 
to host bus data bits 15-8, 
SDHDLE2/1 
controls 
the latching 
of EISA bus data bits 23-16 
to 
host bus data bits 23-16, 
and SDHDLE3/1 
controls 
the latching 
of EISA bus data bits 31-24 
to host bus 
data bits 31-24. 


SYSTEM 
(EISA) DATA OUTPUT 
ENABLE 
(SDOE2-0/l) 
Output 


These 
signals 
enable 
the 
output 
of the 
EISA 
bus 
data buffers. 
SDOEO/l 
applies to EISA bus data bits 
7-0, 
SDOE1 /I to bits 15-8, 
SDOE2/1 
to bits31-16. 
These 
are enabled 
during 
CPU write cycles, 
EISA/ 
ISA master 
read cycles 
from 
host 
memory, 
during 
DMA read cycles 
from the Host bus slave, and dur- 


ing byte assembly 
or disassembly 
for EISA masters 
and 
DMA cycles 
addressing 
EISAIISA 
slaves 
with 
mismatched 
data bus size. 


HOST DATA TO SYSTEM 
(EISA) DATA LATCH 
ENABLES 
(HDSDLEH) 
Output 


This signal 
latches 
the data from the host data bus 
into 
byte 
latches 
which 
can 
enable 
data 
onto 
the 
EISA data bus. HDSDLE1 /I controls 
the latching 
of 
host data bus bits 31-0. 


HOST DATA OUTPUT 
ENABLE 
(HDOE1-0/l) 
Output 


These signals enable the output of the host data bus 
buffers. 
HDOEO /I applies to host bus data bits 15-0 
and HDOE1/1 
applies 
to bits 31-16. 
These 
buffers 
are enabled 
during CPU read cycles from EISAIISA 
slaves, 
EISAIISA 
master, 
DMA write,cycles, 
during 
assembly 
or 
disassembly 
for 
DMA 
cycles, 
or for 
EISA 
masters 
addressing 
EISAIISA 
slaves 
with 
a 
mismatched 
data bus size. These signals are driven 
active with the falling edge of CMD/I. 


Figure 2-7. Host/EISA 
Bus Data Swap Logic shows 
how the signals 
in this section 
are connected. 


2.6 Address Buffer Control Signals 


HOST ADDRESS 
BUS TO EISA LA BUS OUTPUT 
ENABLE (HALAOE 
/I) 
Output 


HALAOE/I 
is active 
during 
CPU, DMA and refresh 
cycles. This signal enables the output of the address 
buffers 
from the host address 
bus bits (31 :2) to the 
EISA LA bus bits (31:2). 


HOST ADDRESS 
LATCH ENABLE (HALE/I) 
Output 


This signal enables 
the latching 
of the LA address 
bus on to the host address 
bus. For EISA and ISA 
bus masters, 
HALE /I 
is always 
held 
active 
low to 
allow the LA bus to propagate 
to the host address 
bus. 


EISA LA TO EISA SA OUTPUT 
ENABLE 
(LASAOE /I) 
Output 


This signal enables the output of the address 
buffers 
from 
the 
EISA LA bus bits (19-2) 
to the EISA SA 
bus bits (19-2). 
It is active 
during 
CPU, EISA bus 
master, 
DMA and refresh 
cycles. 


EISA LA TO HOST ADDRESS 
OUTPUT 
ENABLE 
(LAHAOE/I) 
Output 


This signal enables 
the output of the address 
buffers 
from the EISA LA bus to the host address 
bus. It is 
active during EISAIISA 
bus master 
cycles. 


This signal controls 
the latching 
of the host address 
bus on to the LA address 
bus. At its trailing edge, the 
latch 
closes 
and the 
LA addresses 
are held. 
This 
signal 
is used when 
CPU address 
pipelining 
is re- 


quired on the host bus. To reset LALE/I 
to a known 
state 
in the 
first 
cycle, 
EMSTR16/1 
from 
the 
ISP 
should 
be 
ANDed 
with 
SPWROK 
to 
generate 
EMSTR16/1 
to the EBC. 


EISA SA TO EISA LA OUTPUT 
ENABLE 
(SALAOE /I) 
Output 


This signal enables 
the output of the address 
buffers 
from 
the EISA SA bus bits (16-2) 
to the EISA 
LA 
bus bits (16-2). 
It is active 
during 
ISA bus master 
cycles. 


This signal 
controls 
the latching 
of the LA address 
bus (bits 19:2) to the SA address 
bus. At its trailing 
edQe the 
latch 
closes, 
and the 
SA addresses 
are 
held. 
For 
EISA 
master 
cycles 
and 
CPU 
cycles, 
SALE /I is active while BALE is active. 
For DMA cy- 


cles that did not succeed 
as burst cycles, 
SALE /I is 
driven active one half BCLK before 
CMD/I 
is driven 
active 
and inactive 
when 
CMD/I 
is inactive. 
During 
regular 
DMA cycles 
and DMA burst cycles, 
SALE /I 
is active 
on the next rising edge of BCLK on which 
the ST(3:0) 
are sampled, 
and inactive 
at the trailing 
edge of START /I, 
Figure 2-8 shows how the signals 
in this section 
are connected. 
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2.7 
Reset Control Signals 


SYNCHRONOUS 
POWER OK (SPWROK) 
Input 


The power good signal from the power 
supply (indi- 
cating 
that 
the 
system 
board 
has 
been 
at proper 


voltage 
long 
enough 
for 
proper 
operation) 
is syn- 
chronized 
externally 
to a master 1x clock phase, and 
is input into the ESC. The ESC uses its leading edge 
to synchronize 
the phase of its internal 
1x clock, and 
outputs 
synchronous 
RSTCPU, 
RST385, 
and RST. 


SPWROK 
should be synchronized 
externally 
for 386 
CPU based systems. 


This is active when SPWROK 
is active, 
and is inac- 
tive 90 SCLKs (approximately 
10 /-Ls) after SPWROK 


is active 
and 
SCLK 
is stable. 
The trailing 
edge 
of 
RST is synchronous 
to the ESC's internal 
1x clock. 


RST, RSTCPU and RST385 are all driven inactive at 
the same time, after being driven active at power-up. 


This active low input is the reset signal from the key- 
board controller 
used to reset the system 
under pro- 


gram control. 
The ESC uses it to generate 
RSTCPU 


and RST385. 
The minimum 
pulse width of RSTAR# 
is 4 HCLKCPUs. 
This signal is latched 
by the ESC. 


This signal is active when SPWROK 
is inactive, 
shut- 


down 
is 
decoded, 
or 
when 
RST AR # 
is 
active. 


RSTCPU 
is synchronous 
to the 
ESC's 
internal 
1x 


clock, and remains active as long as RST is active or 
RSTAR# 
is active with a minimum 
pulse width of 34 


CLK1 
or 68 
HCLKCPU 
cycles. 
RSTCPU 
is inter- 


locked 
with HHOLD 
so that only one of them is ac- 


tive 
at 
a 
time. 
If 
a 
reset 
condition 
other 
than 


SPWROK 
occurs 
while 
HHOLD 
is active, 
the reset 


will not be activated 
until HHOLD 
is inactive. 
Exter- 


nal retiming 
of this signal 
is necessary 
to meet the 


setup and hold requirements 
of the 386 CPU RESET 


input. 


The 8x42 requires clocks 
(CLKKS) 
before the end of 


RSTKSD# 
(keyboard 
reset pulse) for the keyboard 


reset to occur. To ensure 
that RSTKSD# 
has been 


driven 
inactive 
after the ESC has begun generating 


CLKKS, 
generate 
RSTKSD# 
by logically 
NAN Ding 


RSTCPU 
and RSTDRV 
from the ISP. 


This signal is active whenever 
RSTCPU is active, but 


delayed 
by 16 HCLKCPUs. 
RST385 
remains 
active 


for a minimum 
of 18 CLK1 or 36 HCLKCPU 
cycles 


and 
goes 
inactive 
with 
RSTCPU. 
RST385 
active 


edge is delayed 
from the RSTCPU active edge by 16 
CLK1 
or 32 HCLKCPU 
cycles 
only 
if RSTAR# 
is 
activated, 
otherwise 
RST385 
and RSTCPU are acti- 
vated concurrently. 
This is to ensure the CPU is not 
in the 
middle 
of 
a cycle 
to 
the 
82385 
when 
the 
82385 is reset. External retiming of this signal is nec- 
essary 
to meet the setup and hold requirements 
of 
the 82385 
RESET 
input. 
An E-PAL 
or PLD device 
must be used. 


2.8 Configuration 
Signals 


CPU TYPE AND FREQUENCY 
INDICATION 
CPU(3-0) 
Input 


These pins indicate 
the type of CPU and its frequen- 
cy on the host 
bus. CPU3 indicates 
the CPU data 
bus width, 
CPU2 indicates 
whether 
HCLKCPU 
is a 
1x or 2x clock 
and CPU(1 :0), along with CPU2 indi- 
cate the frequency 
of HCLKCPU. 


Table 
2-7. CPU Type/Frequency 
Indication 


CPU(3:0) 


1010- 
32-bits, 2x, 25 MHz (25 MHz 386) 
1011 - 
32-bits, 2x, 33 MHz (33 MHz 386) 
1100 - 
32-bits, 
1x, 25 MHz (25 MHz i486) 
1101 - 
32-bits, 
1x, 33 MHz (33 MHz i486) 


NOTE: 
All other 
bit combinations 
are reserved. 
Bit Definition 
for CPU(3:0): 
Bit 1 
Bit 0 
o 
0 
o 
1 
1 
0 
1 
1 


Bit 2 -1x 
or 2x mode 
Bit 3 - 
Reserved 
(Must be 1) 


25 MHz i486 
33 MHz i486 
25 MHz 386 
33 MHz 386 


This signal is strapped 
low in systems 
which require 
an extra 
CPU CLK1 
delay 
before 
HERDYO# 
and 
HRDYO# 
are generated 
in response 
to a CPU to 
EISA bus read cycle. 
This allows 
more time for the 
data to propagate 
to the host bus. RDE# 
is pulled 
up high if the delay is not required. 


2.9 Miscellaneous Signals 


KEYBOARD 
CONTROLLER 
CLOCK 
(CLKKB) 
Output 


This signal is for use by the keyboard 
processor 
and 
has a nominal 
duty cycle of 50%. 
It is generated 
by 
dividing 
HCLKCPU 
appropriately. 
Its frequency 
de- 
pends on the CPU(3:0) 
pins as shown 
in Table 2-8. 


The 
8x42 
keyboard 
controller 
requires 
clocks 
(CLKKB) 
before the end of RSTKBD# 
(keyboard 
re- 
set pulse) for the keyboard 
reset to occur. To ensure 
that 
RSTKBD# 
has been 
driven 
inactive 
after 
the 
EBC 
has 
begun 
generating 
CLKKB, 
generate 
RSTKBD# 
for 
the 
8x42 
by 
logically 
NAN Ding 
RSTCPU 
and RSTDRV 
from the ISP. 


Table 
2-8. CLKKB 
Generation 


CPU(3:0) 
CLKKB 
Freq 
HCLKCPU 
Divided 
By 


1010 - 
25 MHz 386 
10.00 MHz 
/5 
1011 - 
33 MHz 386 
11.00 MHz 
/6 
1100 - 
25 MHz i486 
8.33 MHz 
/3 
1101 - 
33 MHz i486 
11.00MHz 
/3 


NOTE: 
All other 
bit combinations 
are reserved. 


LONG WAIT BETWEEN 
I/O CYCLES 
(L10WAIT#) 
Input 


This signal controls 
the delay between 
back to back 
8- and 
16-bit 
ISA I/O 
slave 
cycles 
from 
the 
CPU. 
L10WAIT# 
is sampled 
on the rising edge of the I/O 
command 
strobe. 
If L10WAIT# 
is sampled 
active, 
the START # signal of the current 
cycle 
is delayed 
until 
L10WAIT# 
is 
sampled 
inactive. 
Figure 
2-9 
(a-b) 
L10WAIT# 
CONTROL 
shows 
several 
cases 
where 
L10WAIT # 
controls 
the 
delay 
between 
cy- 
cles. Once 
L10WAIT # is sampled 
inactive 
the next 
cycle 
can begin. 
This 
guarantees 
a minimum 
of 
1 
added BCLK for I/O recovery 
time when L10WAIT# 
is sampled 
inactive. 
The maximum 
delay is defined 
by L10WAIT# 
being 
sampled 
active; 
three 
BCLKs 
for 16-bit I/O slaves, 
or eleven 
BCLKs for 8-bit I/O 
slaves. 
Delays 
in between 
the 
minimum 
and 
maxi- 
mum are controlled 
by L10WAIT# 
going inactive. 
No 
delays are inserted for EISA bus master cycles, CPU 
cycles to EISA slaves, or I/O assembly/disassembly 
cycles. 
EISA master 
cycles 
to ISA I/O 
slaves 
need 
I/O recovery 
time of 1 BCLK provided 
by software. 


This signal is used on the system 
board for slot spe- 
cific 
AEN 
control. 
For a CPU 
master 
to an 
EISA 
memory/I/O 
slave 
or 
ISA 
memory 
slave 
cycle, 
AENLE # 
is driven 
inactive 
from 
the 
same 
falling 
edge 
of 
BCLK 
that 
drives 
BALE 
active 
while 
START # 
is active, 
and AENLE # 
is activated 
one 
half BCLK 
after 
CMD# 
goes 
active. 
AENLE# 
be- 
haves 
the 
same 
for a CPU 
master 
to an ISA I/O 
slave 
cycle, 
except 
AENLE# 
is driven 
active 
one 
half BCLK after CMD# 
goes inactive. 
For EISA, ISA, 
or DMA 
masters, 
AENLE # 
is driven 
active 
on the 
rising edge of HHLDA 
and is inactive 
on the falling 
edge of BCLK after START # is active. For ISA slave 
assembly 
or disassembly 
cycles where CMD# 
is im- 


mediately 
followed 
by another 
START # 
(back 
to 
back 
cycles), 
AENlE 
# 
will remain 
inactive. 
Figure 
2-10 shows 
the AENlE 
# signal functionality. 
This 
active 
low 
signal 
tri-states 
all outputs 
of the 
EBC, except 
BClK, 
SMRDC#, 
and SMWTC#. 
Un- 
der normal 
system 
operation, 
this 
input 
should 
be 
pulled high. 
This pin is the source 
of BClK 
from which all BClK 
related timings 
are triggered. 
BClKIN 
is always con- 
nected 
to BClKwith 
minimum 
trace length. 


GENERAL CASE: 


BCLK 


JOWC# 
10RC# 


L1OWAIT# 


START# 


CASE 1: MIN. I/O 
TIME 


10WC# 
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inter 


EISA/ISA 
MEMORY or EISA I/O 
1 
SLAVE 
CYCLE 
I CPU 
MASTER 


ISA I/O 
SLAVE 
CYCLE 
J ONLYlEISA/ISA/DMA 
MASTER • 


inter 


3.0 
BASIC FUNCTIONALITY 
AND 
TIMINGS 
3.2 
EBC Cycle Translation 
Algorithm 
1. EBC determines 
who is master 
(Host/EISA/ISA/ 


DMA), depending 
on which 
signals 
are active 
as 


shown 
in Table 3-2. 


2. EBC determines 
who 
is slave/size 
(Host/EISA/ 


ISA/DMA), 
depending 
on which signals are active 
as shown 
in Table 3-2. 


3. EBC assembles/disassembles 
cycles 
according 
to the 
master/slave 
size combination. 
The 
EBC 


determines 
which 
cycle 
to 
run 
depending 
on 


which 
bus the slave resides 
on. 


Table 3-1 shows the number of BCLKs that occur for 
each 
cycle 
type. 
Zero 
wait 
states 
applies 
when 
NOWS # 
is used 
to 
shorten 
the 
standard 
cycle. 
Standard 
wait states 
applies 
to the standard 
cycle. 


One wait state 
applies 
when 
CHRDY 
or EXRDY 
is 
used to extend 
the cycle by 1 BCLK(2l. An ISA 8-bit 
memory 
read cycle, for example, 
will run cycles 
last- 
ing 6 BCLKs; or if NOWS# 
is sampled 
active, 
it will 
run a no wait state cycle lasting 
3 BCLKs. 


Table 3-1. EISA/ISA/DMA 
Bus Cycles 


Number 
of BCLKs per Cycle 


Slave 
Bus 
Zero 
Standard 
One 
Burst 
Max. Transfer 
Size 
Wait 
Wait 
Rate at 
Operation 
(in Bits) 
State 
Cycle 
State 
Cycle 
8.33 MHz 


ISACycies 


Memory 
Read 
16 
2 
3 
4 
NA 
8.33 Mb/sec 
Memory 
Read 
8 
3 
6 
7 
NA 
2.78 Mb/sec 
Memory Write 
16 
2 
3 
4 
NA 
8.33 Mb/sec 
Memory Write 
8 
3 
6 
7 
NA 
2.78 Mb/sec 
I/O Read 
16 
3 
3 
4 
NA 
5.56 Mb/sec 


I/O Read 
8 
3 
6 
7 
NA 
2.78 Mb/sec 


I/O Write 
16 
3 
3 
4 
NA 
5.56 Mb/sec 
I/O Write 
8 
3 
6 
7 
NA 
2.78 Mb/sec 
INTA Read 
NA 
NA 
6 
NA 
NA 
NA 
Halt/Shutdown 
NA 
NA 
3 
NA 
NA 
NA 


EISA Cycles 


Memory 
Read 
32/16 
NA 
2 
3 
1 
33.33 Mb/sec 
Memory Write 
32/16 
NA 
2 
3 
1 
33.33 Mb/sec 
I/O Read 
32/16 
NA 
2 
3 
NA 
16.66 Mb/sec 
I/O Write 
32/16 
NA 
2 
3 
NA 
16.66 Mb/sec 


DMACycies 


Compatible 
All 
8 
8 
10 
NA 
4.17 Mb/sec 
Type A 
All 
6 
6 
7 
NA 
5.56 Mb/sec 
Type B 
All 
4 
4 
5 
NA 
8.33 Mb/sec 
Type C (Burst) 
32/16 
3 
3 
4 
1 
33.33 Mb/sec 


The cycles 
above 
are measured 
from 
the BCLK edge when 
LA address 
is valid to the BCLK 
edge when 
CMD# 
goes 
high 


(inactive) 
for ISA/EISA 
cycles. 


NOTES: 
1. DMA 1/0 devices 
can not add wait states. 


2. CHRDY 
or EXRDY can be used to add a wait state during 
DMA compatible 
cycles. 
When 
CHRDY 
is sampled 
active 
a wait 


state of two BCLK duration 
is added 
during these 
cycles. 
When 
EXRDY 
is sampled 
active, 
a wait state of one BCLK duration 
is added. 


HHLDA 
REFRESH # 
EXMASTER# 
MASTER16# 
EMSTR16# 
SIZE 
MASTER 


0 
1 
1 
1 
1 
32 
CPU 


1 
0 
1 
1 
1 
All 
REFRESH 


1 
1 
0 
1 
1 
32 
EISA' 


1 
1 
0 
0 
1 
16 
EISA 


1 
1 
1 
0 
0 
16 
ISA 


1 
1 
1 
1 
1 
All 
DMA 


NOTE: 
'For downshifting from 32- to 16-bit EISA burst bus master, the bus master must drive MASTER16# active during START# 
for each cycle that it generates. 


HLOCMEM# 
HLOCIO# 
EX32# 
EX16# 
M16# 
1016# 
SIZE 
SLAVE 


0 
0 
X' 
X 
X 
X' 
32 
HOST 


1 
1 
0 
X 
X 
X 
32 
EISA 


1 
1 
1 
0 
X 
X 
16 
EISA 


1 
1 
1 
1 
0 
1 
16 
ISAMEMORY 


1 
1 
1 
1 
1 
0 
16 
ISAI/O 


1 
. 1 
1 
1 
1 
1 
8 
ISA 


NOTE: 
'During EISA master accesses to Host slaves, the ESC drives EX32#. For ISA master accesses to Host slaves, the ESC 
drives 1016# from HLOCIO#. 


DMA 
ISA& 
EISA 
EISA Only 


Type A 
Default (Standard) 
Memory 
Burst 


Type B 
Default (Standard) 
I/O 


Type C (Burst) 
NOWS# 
Memory 


Compatible 
NOWS# 
I/O 


Master Bus 
Slave Bus 
EBe Bus Translation 
(Broadcast)' 


Host 
EISA 
No ISA Cycle Broadcasted 


Host 
ISA 
ISA/EISA 
Cycle Broadcasted 
(START # , CMD# 
and ISACMD Signals Generated) 


Host 
Host 
No EISA/ISA 
Cycle Broadcasted 


EISA 
Host 
No ISA Cycle Broadcasted 


EISA 
ISA 
ISA Cycle Broadcasted 


EISA 
EISA 
No ISA Cycle Broadcasted 


ISA 
Host 
EISA Cycle Broadcasted 
if Host Slave Drives EX32# 


ISA 
EISA 
EISA Cycle Broadcasted 


ISA 
ISA 
EISA Cycle Broadcasted, 
except 
ISA Master to ISA Memory Slave 


DMA 
All 
Both EISA, ISA, and DMA Cycles Broadcasted 
(See Table 2-2) 


NOTES: 
'The 
ESC broadcasts 
(translates) 
one bus cycle 
to another 
bus cycle 
if necessary. 
The three 
types 
of busses 
that can be 
translated 
are host, ISA, and EISA. Notice 
that the ESC can not translate 
from the ISA/EISA 
bus to the Host bus. but it can 
translate 
from 
the Host bus to the EISAIISA 
bus. The EISA bus's 
primary 
broadcast 
signals 
are START# 
and CMD#. 
The 
ISA bus's 
primary 
broadcast 
signals 
are MRDC#, 
MWTC#. 
IOWC# 
and IORC# 
(ISACMD). 


An EISA cycle 
(signified 
by START# 
and CMD#) 
will occur 
for all Host bus/slave 
bus combinations, 
except: 


For example, 
if the CPU on the Host bus is access- 
ing an ISA slave, the EBC will generate 
an ISA cycle 
(broadcast) 
as well as an EISA cycle (broadcast). 
On 
the other hand, if the CPU is accessing 
main memo- 
ry on the Host bus, the EBC will not generate 
(broad- 
cast) an EISA or ISA cycle. 


Table 3-2 shows 
how the EBC determines 
the mas- 
ter and slave for cycle translations. 


The EBC would sample 
HHLDA 
inactive, 
which 
indi- 
cates 
the CPU is master. 
HADS # would 
be active 
indicating 
the 
start 
of the 
cycle. 
The 
EBC 
would 
sample 
HLOCMEM # 
inactive 
indicating 
the 
host 
bus memory 
slave 
did not respond. 
Then 
it would 
sample 
EX16#, 
EX32#, 
arid 
1016# 
inactive; 
and 
M16# 
active, 
which 
indicates 
a 16-Bit ISA memory 
slave. Since this is a 32-bit versus 
16-bit master 
to 
slave 
mismatch, 
the EBC runs two 
16-bit 
ISA read 
cycles 
to the 
ISA memory 
slave to fetch 
the data. 


The EBC also controls 
the data swap buffers 
so that 
these 
two ISA bus cycles 
are translated 
to the ap- 


propriate 
bytes. 


The 
EBC starts 
the 
first 
memory 
read 
cycle 
(acti- 
vates MRDC#). 
The EBC steers the first transfer 
of 
data to the lower word. Then the EBC starts the sec- 
ond 
read 
cycle 
(activates 
MRDC#), 
and 
changes 
the address 
by manipulating 
AO, A1, and BHE# 
in 
order to read the second word. The EBC then steers 
the data to the upper word, and returns 
a READY # 
signal 
to complete 
the transfer. 
Figure 
3-9 depicts 
this example. 


inter 
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NOTES: 
When 
Host is accessing 
EISA or ISA Slave, one wait state is added 
if ROEii' 
is active. 
x = ESC Sampling 
Point 
CLK1 
is ESC Internal 
CLK1. 


Figure 3-1 shows a host master to a 16·bit ISA slave cycle followed 
by a host slave, an EISA slave, and 
another host slave cycle. 


3.3 Clock Generation 


HCLKCPU 
in the 386 CPU has twice 
the clock 
fre- 
quency 
of the i486 CPU HCLKCPU 
signal. CLK1, in- 
ternal 
to the 
EBC, is the 
inverse 
of the 
i486 CPU 
HCLKCPU 
signal. 
CLK1 's relationship 
to HCLKCPU 
is shown 
in Figure 3-1A. Clock Generation. 


3.4 
Functional Timing Diagram 
Descriptions 


In general, 
the beginning 
of any cycle 
starts 
when 
the master 
presents 
a valid address 
on the address 
bus and drives 
M-IO active to indicate 
a memory 
or 
I/O cycle. The address 
can be presented 
before the 
end of the current 
cycle to allow address 
pipelining. 


The memory 
or I/O slave decodes 
the address 
and 
drives 
the 
appropriate 
signals 
active 
indicating 
its 
type, 
size, and whether 
it can perform 
any special 
timings. 
EX32# 
or EX16# 
are activated 
by the slave 
if it can support 
EISA cycles. 


The 
master 
drives 
START # 
active 
to indicate 
the 
beginning 
of the current 
cycle, W-R to indicate 
if it is 
a read or write cycle, 
and BE(3:0)# 
to indicate 
the 
bytes 
being 
transferred 
and 
their 
location 
on the 
EISA bus. The activation 
of CMD# 
by the EBC con- 
trols 
the 
data 
transfer 
to 
or from 
the 
slave. 
The 
length 
of CMD# 
can vary 
depending 
on the 
type 
and speed 
of the devices 
performing 
the transfer. 


EXRDY 
or CHRDY 
can be held low by the slave to 
insert wait states, 
thereby 
lengthening 
the cycle. 


In the 
timing 
diagrams, 
some 
of the 
signals 
have 
been 
combined 
or abbreviated. 
A list of the com- 
bined signals follows: 


HADS# 
= HADSO# 
is 
anded 
with 
HADS1# 


RST[CPU:385] 
= RSTCPU is bussed with RST385 


= HLOCM # 
is 
bussed 
with 
HLOCIO# 


HWR#HMIO#, 
= HW/R# 
is 
bussed 
with 
HM/IO#. 
A signal level of 10 would 
indicate 
a write to I/O. 


BURST[MS:SL] 
# = MSBURST 
# 
is 
bussed 
with 
SLBURST# 


WR,MIO 
= W-R is bussed 
with M-IO 
A signal level of 01 would indicate 
a read to mem- 
ory. 


BE[3:0] # 
= BE3#, 
BE2#, 
BE1#, 
and 
BEO# 
bussed 
together. 
A sig- 
nal level 
of 0011 
would 
indi- 
cate 
BE3# 
= 0, BE2# 
= 0, 


BE1# 
= 
1 and 
BEO# 
= 
1, 
therefore 
the upper word is in- 
volved 
in the current 
cycle. 


= SDCPYEN13#, 


SDCPYEN03 
# , 
SDCPYEN02#, 
and 
SDCPYEN01#. 


A signal level of 0101 indicates 
SDCPYEN13# 
= 0, 
SDCPYEN03# 
= 
1, 
SDCPYEN02# 
= 
0, 
and 
SDCPYEN01 
# = 1 


All other 
signals 
that 
are bussed 
follow 
the 
same 
numbering 
order format. 


NOTE: 
CLK1 in the Timing 
diagrams 
is not the i486 CLK1. 


It is the CLK1 signal internal 
to the EBC. 


Figures 
3-2 through 
3-11 
show 
a Host 
master 
to 
Host slave, 
32/16-bit 
EISA/ISA 
slave, 
or 8-bit 
ISA 
slave cycles. 
Locked 
cycles, 
burst cycles, 
assembly 
or disassembly 
cycles 
are shown 
with 
and without 
wait states. 


'. 
Tx 
.' 
I 
0, 
°2 


I 
0, 
I 
I 


HClKCPU(386) 


HClKCPU( 486) J 
L- 


I 


ClK1 (EBC INTERNAL) l 
I 
290252-18 


NOTE: 
ClK1 in the Timing Diagrams is not the i486 ClK1. It is the ClK1 internal to the ESC. 


inter 


Figure 3-3 shows 
a Host master 
reading and writing 
to a 32-bit 
EISA memory 
and I/O slave. 
In this dia- 
gram all of the cycles are standard 
cycles (2 BCLK). 


Figure 
3-4 
shows 
a Host 
master 
reading 
from 
a 
32-bit 
EISA 
memory 
slave. 
It shows 
two 
standard 
back-to-back 
read cycles 
with an extra 
CPU CLK1 
delay inserted 
because 
RDE# 
is active. This occurs 
when RDE# 
is active during any Host read from the 
EISA bus. This causes 
HERDYO# 
and HRDYO# 
to 
be delayed 
so that more time is allowed 
for the data 
to propagate 
to the Host bus. 


Figure 
3-5 shows 
a Host 
master 
reading 
a 32-bit 
EISA memory 
slave. The Host master has driven the 
HLOCK# 
signal active to guarantee 
exclusive 
I/O or 
memory 
access. 


Figure 
3-9 
shows 
a Host 
master 
reading 
from 
a 
16-bit 
ISA memory 
slave 
(HHLDA 
is low, M16# 
is 
active, 
and MRDC# 
is active). 
A standard 
cycle for 
an ISA slave 
is shown 
(3 BCLK). 
Since the master 
and slave 
sizes are mismatched, 
byte assembly 
is 
required. 
To assemble 
the data from a 16-bit slave 
to a 32-bit 
master 
requires 
two 
cycles. 
In the first 
cycle, the first two bytes (lower word) .are read from 
the slave. 
In the second 
cycle, 
the next two bytes 
(upper word) are read from the slave, thus complet- 
ing the assembly. 


Figure 3-11 shows 
a Host master writing 
to an a-bit 
ISA I/O 
slave. 
In normal 
cycles 
including 
this one, 
the falling 
edge of HADS# 
indicates 
the address 
is 
valid, and HRDYO# 
driven active 
indicates 
the end 
of the cycle. Since only the upper word is being writ- 
ten, one byte is written 
to the ISA I/O 
slave during 
each cycle, making this a two cycle transfer. 
CHRDY 
is activated 
to add wait states. 


Figures 
3-12 through 
3-30 show an EISA master 
to 
Host, 32/16-bit 
EISAIISA, 
or a-bit ISA slave cycles. 


Standard 
cycles, 
Burst cycles, 
and Assembly 
or Dis- 
assembly 
cycles 
are shown 
with 
and without 
wait 
states. 


Figure 3-13 shows 
a 32-bit EISA master writing to a 
32-bit 
EISA 
I/O 
slave. 
This 
is a standard 
cycle 
(2 
BCLK). 
No 
assembly 
or 
disassembly 
is 
required 
since the master and slave size match. 


Figure 
3-14 
shows 
a 32-bit 
EISA 
master 
reading 
from a 32-bit EISA memory 
slave during a burst cy- 


cle. 
The 
EBC 
samples 
SLBURST# 
at 
the 
rising 
edge 
of START # 
and 
one 
BCLK 
later 
it samples 
MSBURST#, 
except 
if EXRDY 
is inactive 
then the 
EBC samples 
MSBURST # one additional 
BCLK lat- 


er. 


Figure 3-20 shows 
a 32-bit EISA master writing to a 
16-bit ISA slave 
(mismatched 
sizes), two bytes are 
written 
to the ISA I/O 
slave during each cycle. The 
lower 
word 
is written 
first, 
then 
the 
upper 
word 
is 
written 
to the 
ISA slave. 
Two cycles 
complete 
this 
disassembly 
transfer. 


Figure 3-30 shows a 16-bit EISA master writing to an 
a-bit ISA memory 
slave. Since the master/slave 
size 
is mismatched, 
more 
than 
one 
cycle 
is needed 
to 
complete 
this write cycle. 
In the first cycle, a byte is 
written 
to the slave which 
becomes 
the lower byte. 
In 
the 
second 
cycle, 
byte 
swapping 
occurs 
by 
the 
EBC 
since 
CPEN[13,3:1)# 
1110 
(SDCPYEN [13,3: 1) #). This routes 
the byte through 
the data swap buffers into the upper byte location 
of 
the 16-bit master 
and completes 
the cycle. 


Figures 3-31 through 
3-35 show a 16-bit ISA master 
to 32/16-bit 
EISA, or a-bit 
ISA slave 
cycles. 
Stan- 
dard or assembly 
cycles 
with or without 
byte swap- 
ping are shown. 


Figure 
3-33 shows 
BCLK stretching 
during 
a 16-bit 
ISA master 
read from a 16-bit EISA memory 
slave. 


During this type of cycle the rising edge of BCLK is 
synchronized 
to the falling edge of CMD#. 
The mas- 
ter and slave size are the same, so only one cycle is 
needed to transfer 
the data. CHRDY is pulled low by 
the slave to add one wait state. 


inter 


MISCELLANEOUS 
CYCLE DIAGRAM 
HIGHLIGHTS 


Figures 
3-36 through 
3-39 shows 
other cycles 
such 
as Halt/shutdown 
and Reset. 


Figure 3-36 shows 
a Halt/shutdown 
cycle. There 
is 
no START# 
or CMD# 
signal 
active 
for this cycle. 


Also, the CPU and 82385 (in a 386 system) are reset 
for the Shutdown 
case only. 


Figure 
3-39 
shows 
the 
HHOLD/RSTCPU 
interlock 
characteristics. 
HHOLD 
will 
never 
be active 
when 
RSTCPU 
is active. 
The active 
SPRWOK 
signal indi- 
cates that the power 
to the system 
board 
is at the 
correct 
level. 
There 
is a system 
reset 
occurring 
in 
this diagram. 
Note that no cycles 
are run during this 
time 
(HADS#, 
START#, 
and CMD# 
are inactive), 
and other control 
signals 
are inactive. 


In Figures 
3-40 through 
3-65, each timing 
shows 
a 
32-bit, 
16-bit, 
or 8-bit 
I/O 
device 
accessing 
32-bit, 
16-bit, or 8-bit memory. 
All four types of cycles 
are 
shown: 


During DMA cycles 
all of the master decode 
signals 
equal 
one. The 
EBC samples 
ST(3:0) 
at the rising 
BCLK edge one BCLK before START # to determine 
the I/O 
(DMA 
requestor) 
size. The 
memory 
size is 
determined 
by the slave decode 
signal levels. 


When 
the 
memory 
size is less than 
the 
I/O 
size, 


more than one cycle can occur when assembly/dis- 
assembly 
is needed, 
except 
during 
Compatible 
cy- 
cles. 
Only 
one 
cycle 
will occur 
for Compatible 
cy- 
cles. 


When 
the memory 
size is greater 
than or equal 
to 
the 
I/O 
size, only 
one cycle 
is needed. 
See EISA 
specifications 
for more information. 


The EBC sampling 
points for signals is shown in Fig- 
ures 3-40 to 3-53 DMA cycle timing diagrams. 


DMA 
Compatible 
cycles 
(Figures 
3-40 
and 
3-41) 
show a standard 
cycle and what occurs if wait states 
are 
added. 
Two 
different 
signal 
transitions 
are 
shown 
for CMD#, 
MRDC#/MWTC#, 
10WC#, 
and 
DRDY. The first transition 
occurs in standard 
cycles. 


The second 
transition 
would occur when wait states 
are 
added 
by the 
slave 
driving 
either 
CHRDY 
or 
EXRDY 
active. 


Figure 
3-42 through 
Figure 
3-45 
DMA Type 
A and 
Type B cycles show a standard 
cycle, with and with- 
out wait states 
added. 
Two different 
command 
sig- 
nal transitions 
are shown to reflect these cases. The 
first transition 
occurs in standard 
cycles. The second 
transition 
would 
occur 
when 
wait states 
are added 
by the slave driving either CHRDY or EXRDY active. 


Figure 
3-48 
and 
Figure 
3-49 
Burst 
DMA 
cycle 
to 
non-burst 
memory 
shows standard 
burst cycles, and 
where signals would transition 
if wait states are add- 


ed. Two 
different 
command 
signal 
transitions 
are 
shown 
to reflect 
both of these 
cases. 


Figure 
3-53 Refresh 
cycle 
shows 
a standard 
cycle, 
and 
a cycle 
with 
wait 
states 
added. 
Two 
different 


command 
signal 
transitions 
are 
shown 
to 
reflect 
both of these cases. 


NOTE: 
The timing 
diagrams 
that follow 
are very similar 
to 
EISA timing 
specifications, 
but the timing 
diagrams 
show 
simulations 
of the 
EBC 
device 
functionality 
and 
sampling 
points 
and 
are 
not 
taken 
from 
the 
EISA system. 
For example, 
HADS # shown 
in the timing 
dia- 
grams 
does 
not show 
system 
functionality, 
but 


serves 
as a stimulus 
for the EBC based 
on the 
sampling 
edges 
of the internal 
CLK1 signal. See 
the Simulation 
Diagram 
for an example 
of this. 
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--------------------------------------- 
mwte# 
--------------------------------------- 
cnrdy 
--------------------------------------- 
loek# 
--------------------------------------- 
hhold 
rde# 


DATAANDADDRESS 
CONTROL 
SIGNALS 
cpyup 
.,_~ 
__ 
~ 
__ 
~ 
~ 


CPEN[13,3:1J#========================'llll======================= 
SOOE[2:0J#=====================::::111================;:::J=::;:=1000:::::::X;::111==000= 
SDLEl1:0J# ~11X::X=:=11 
0 
11 
<;> 
11 
'0" 
11 
OC:::l1= 
HOOEl1 
:OJ# =11=00~11~00=11=00::::l='::;:===============11================= 
HDLEI3:0J# ;::;:1111:::;:;X;0000=1111=:lC0000=1111=X0000X:::::ll11:X;:0000:::,,========:'1111======= 
holooe# 
lohooe# 
losooe# 
solooe# 
hole# 
lole# 
sole# 
BE[3:0J# 
sbhe# 
SAIl:OJ 


inter 


RESET'" 
ISP INTERFACE SIGNALS 
STt3:01 
:= 1111 :::::x=- 
1111 
"=" 
1111 
( 
spkrok 
rstarN 
rsl 
RSTtCPU:385J 
00 


MASTER DECODE SIGNALS . 
hhldo 
exmstr# 
mslr16# 
emsl16# 
rfrsh# 


SLAVE DECODESIGNALS 
• 


ex32# 
:"""":"'l 


ex16# 
m16# 
1016# 
hloem# 
SfSSSj 
I<SS<I 
= 
hlocio# = 
= 
= 
HOST MASTER SIGNALS 
elkl 
HADS# 
~ 
'----' 
L 
hrdyl# 
'----' 
~ 
herdyo# 
'----' 
'----' 
hrdyo# 
'----' 
~ 
hno# 
'----' 
'----' 
HWR#, HMIO# 
01 
hken# 
H8EI3:01# 
0000 
hslreh# 
hloek# 
LIOWT#:DRDY 
11 


EISA SIGNALS . 
BURSTtMS:SLJ# 
11 
belk 
slort# 
emd# 
exrdy 
nows#- 
WR, MIO 
01 


bole 
~ 
~ 
iorc# 


iowc# 
mrdc# 
mwtc# 
chrdy 
loek# 
hhold 
rde# 
:"""":"'l 


DATA AND ADDRESS CONTROL SIGNALS 
cpyup 
CPENr13,3:11# 
1111 
SDOE[2:01# 
111 
SOLEI) :OJ# 
=11=00 
11 
( 00) 
11 
HDOEll:01# 
11 
00 
11 
00 
el1= 
HDLEI3:01# 
1111 
0000 
1111 
0000 
1111= 
holooa# 
Ichaoe# 
lascoe# 
solooe# 
hole# 
lole# 
sole# 
~ 
~ 
BEI3:0J# 
0000 
sbhe# 
SAll:0J 
=11 
00 
290252-21 


RESET&: ISP INTERfACESIGNALS 
ST13:01 
=1111::==;;;C=;;;'==::::::::::::::::::::::;:::;:::;:;;======::::::::::::::::::::::;:::;:::;::;;=:1111---0~'----1111::::::::::::::::::::::::::::::::::::;:::;: 


spkrok 
rstar# 
rst 
RsnCPU:385J 


MASTERDECODESIGNALS. 
hhlda 
exmstr# 
mstrl6# 
emst161 
rfrshl 


SLAVEDECODESIGNALS· 
ex32# 
ex16# 
m16# 
10161 
hloeml 
_S_I_I_I_S_I_'_. _. 
~.'_I_I~_S_I_I_I_S_I _I_I_I_S_I_I _1_1_1_1_1_1_._._._._._._.-. _._._._._._._._._._._._."6_S_I_I_I~S_I_(_I ••. 
hloelol 
S 1 1 1 1 $I. 
. 
11 liS 
1 1 lIS 
1 1 \ 1 1 1 lIS 
S g 
1\ 
S 1 1 lIS 
S 1 


HOSTMASTERSIGNALS 
elk! 
HADSI 
hrdyll 
herdyol 
hrdyol 
hnal 
.•.•..••.. 
. ..........................•.•..••.................... 


HWRI. HMIOI ===:::::::::::::::::::::::;:::;:::;:::;======::::::::::::::::::::::;:::;:::;::;;====:::. 
01 ~~~~~~~~~~~~~~~~~~~~~ 
hkenl 
------------------------------------------ 
HBE[3:011 
:::=================0000 
:;:;==================:;: 
hstrehl 
------------------------------------------ 
hloekl 
-:-:-:IL~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~...rL...,..,,...,..,...,..,...,. 
L10WTI: DRDY:::::::::::::::::::::::;:::;:::;:::;::;;======::::::::::::::::::::::;:::;:::;:::::;===::::: 
11 _~~~~~~~~~~~~~~~~~~~~ 


DATAAND ADDRESSCONTROLSIGNALS . . . . . . . . . . . . . . . . . . . . . . . 
. 
. 
cpyupi 
--. ------------------------------------- 


CPENI13.3:1l1:;:;===============::::::::::11111::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::;;:;::;:::;::::::;: 
SDOE[2:OJI 
================================== 
1111====================================== 
SDLEU:011 
=11 
::::;:;:XOO:::'::::::::::::::::::::;:::;:::;::;;:;;====== 
1,----------~O~.-------11:::::::::::::::::::::::::::;;:;:;: 


HDOEl1:011 = 11=::::::::::::::::::::::::;x;::;;:;:::001=:;;:;X::;=::::=:::::::::::::::::::::::=11:::::::::;:::;:::;::;;:;;===::=::::::;X~::::::::::::00=11--'- 
HDLE13:011 =1111 :::::::::::::::::;;;C:::::;:OOOO::::::;X;'::::==:::::::::::::::::::::::::::::::::llll::::::::::::::::::::::::::::::::::::=;XC::::::::0000 :::X=1111= 
halaoel 
lahooel 
losooe# 
solooe# 
halel 
lalel 
soleI 
BE13:011 
sbhel 
SAll:01 


EISASIGNALS 
BURSnMS:SL1I 
belk 
stortI 
emdl 
exrdy 
nows# 
WR. MIO 
bale 
iorc# 
iowell 
mrdel 
mwteH 
ehrdy 
loekl 
hhold 
rde' 


..............L......t-.---------------------~.L...J. - 


............. 
L.....J. 
. ... l......I-.---- 


::::~:::::::::::--L 
,..,..,..,...~ 
..=.. 
~i =======:=:CL 
='""'~~==::::::::::::: 
... ~i~~~~i, 
.••••• 
L.........-J. 


RESET 
&: ISPINTERFACE 
SIGNALS 
STI3:01 = 1111:=:::::l'C==:l'C;:===============1111 
spkrok 
morN 
rotRSTICPU:3851 
_~~~~~~ 
~~OO 


Io4ASTER 
OECOOE 
SIGNALS 


hhldo 
::::==============:::::::::::::::::::::::::::::::::::::::::::::::::::::::====::::::::::::::::::::::::::::::::==========:::::::::::::::::::::::::::::::: 
exmstr# 
mstr161 
emst16# 
rtrshl 


SLAVEOECOOE 
SIGNALS 


ex32/1 
--...--. 
------------------------------------------ 
ex16' 
:--;-I~~~~~~~~~~~~ 
~~~ 
r:--: 


m16/1-------------------------------------------.'L...... 
1016# 
hloeml 
~. 


hloelo# 
~. 


HOSTIo4ASTER 
SIGNALS 


elkl 
HAOSI 
~. 
.L...... 


hrdyl# 
---------------------------------------. 
~ 
herdyoN 
-----------------------------------.~L..._.J 
. 


hrdyo# 
. L.-.-.J 
. 


hno# 
-----.-L--J 
. 
HWRI,HIo4101 
_~~~~~~~ 
~01~ 
__ 
~~ 
~ 


hkenN 
-------------------------------------------- 
HBE13:011=====================0000 
hstrch# 
hlock# 
L10WTI:OROY 
_~~~~~~~ 
~~ 
11~_~~~ 
~ 


EISASIGNALS· 
BURSTlIo4S:SLII======================= 
11======================== 
bclk 
:-'I1.~_~...rI"'.-:"-:"-:"·,' 
....J'r....,....,....,.,.... 
1.' 
oJ' r.-.,.-.,.-:"·1.'~~~....J,-:·...,....,....,.·,.,'L.... 
__ 
~r' 
'"". ...,.....,......".L......- 


stortN 
. i 
i . 
. , 
, . 
cmd# 
-------------.-:..' 
~,-.-------.-:..' 
, . 


exrdy 
nows# 
WR,Io410 
bole 
iorcll 
iowc# 
mrdc# 
mwtc# 
chrdy 
lock# 
hhold 
rda' 


OATAANOADDRESS 
CONTROL 
SIGNALS 


cpyup 
CPEN[13,3:11#==============111' 
~~~ 
0101 
1111= 


SOOEi2:011======================= 
111:========================================= 


SDLEil:011= 11=00 
J:>C::================11================= 
HDOE(l 
:0]# 
~ 11======X=============00 
:========================:::===11= 
HDlE!3:0l# ===== 
1111:==========:::=====0000:=====:::=====1111:=====:::=====0011:=====:::====1111= 
holooe# 
lohooe# 
losooel 
solooe# 
hole' 
101.# 
i. 


sole# 
. , 
, . 
. I 
, . 


BE13:011 ================0000======::;::>======= 
0011:==============:::========0000===== 
sbhe# 
SAll:01 


•• 


inter 


RESETa: ISPINTERFACE 
SIGNALS 


5T(3:0)1 
= 1111====~'====~·===============================1111 ========================:;:)l-== 
1101= 
spkrok 
morl 
rst 
RsncpU,38S1==============================00========================== 


WASTER 
DECODE 
StGNALS 
hhldo 
.mst16' 
mstr16' 
exmstrl 
rfrshl 


SLAVEOECODE 
SIGNALS 
8x32# 
--------------------------------------------- 
••16' 
~ 
~~~~~~ 
~~~ 
...rl.,.. ...,....,....,.....,......,..-::"....,. 


m161 
-------------------------------------------- 
io16# 
-------------------------------------------- 
hlocmN 
-------------------------------------------- 
hloclo# 
-------------------------------------------- 


HOSTIoIASTER 
SIGNALS 
ClK1 
HAOSN 
hrdyl* 
. l.-.-.-J . 


herdyo' 
---------------------------------- 
•••.•.L.............J. 
hrdyoN 
-------------------------------------, 
.•••......••••.•-. ----..,. 
hnoN------.~•.............. 
-.----------------------------------.,L... 


HWRN.HIoIION 
~ 
~~~~~~ 
~ 
11==========================:X====10= 


hkenN 
HBE[3:0IN 
hstrch# 
hlockl 
lIowtl 
drdy 


EISASIGNALS· 
msbrst# 
-------------------------------------------- 
slbrst, 
-------------------------------------------- 
bclk 
~ 
i . 
. L-..-..-- 


storti 
,....----'L. 
~__ .r---..,.-..,.-..,....,....,."L.. 
.....Jr_------------.,.". 
L...- 


cmdl 
,....------------ 
•..•~ 
r....,......,......,..-.,..-.,..-...,..,L..__~~~~_....Ji"".-..,.-..,....,....,....,....,.....,. 


exrdy 
-------------------------------------------- 
nowsll 
-------------------------------------------- 
WR.10110 
============================ 
===========================:x==== 
10= 
bal. 
~ 
~~~ 
~ 


lore I 
lowel 
mrdcl 
mwtc# 
chrdy 
lock' 
hhold 
rde# 


I 
, 
, 
! 
, 
I 
, 
, 
, 
I 
, 
, 


I 
, 
, 


1 1 


I 
I 
~ 


OATA ANaAOORESS 
CONTROL 
SIGNALS 
cpyup 
.l 
CPEN[13.3,1I1 
1111 
0101 
ellll::;: 
SOOE12:011=111 
001 
all 
-= 
SOlEl1:011 
=11=01:> 
11 
K 01~ 
HODEl!:011 
11 


HOlE[3:011 =:1111 
0000 
1111 
0000 
1111 
halooeN 
lohooe# 
losooe# 


501008# 
hole, 
lole# 
i. 
,. 
r:--:" 
5ole# 
,I 
i. 
.j 
i. 
. L...- 


BE[3:0IN 
0001 
0011 
000 1==x::::::: 11 00 = 
sbhe# 
SA[I:01 
==10 
01 
10 
KOO: 
290252-24 


inter 


RESET'" ISPINTERFACE 
SIGNALS 
S1[3:01 = 1101='100J~'~ 
__ 
~~ 
1101~~_~~~~~_~~ 
__ 
~ 


spkrok 
rstcr# 
rst 
rstcpu 
rst385 
Io4ASTER 
DECODESIGNALS 
hhldo 
8xmstr# 
mstr16N 
emst16N 
rfrshN 
SLAVEDECODESIGNALS 
ex32N 
ex16N 
m16N 
1016N 
hloemN 
hlocio# 
HOSTIo4ASTER 
SIGNALS 
elkl 
HADSN 
L 
hrdyiN 
•••.•..•.•-.------------------------------------L....._.....F 
herdyoN 
----------------------------------~~ 
hrdyoN 
-------------------------------------~L....._.....F 
hna# 
--------~ 
••...•....•....~.------------------------------ 
hkenN 
----------------------------------------- 
H8E[3:01N --:-:---- 0111=====:;;:============================1000 -.---------------~ 
.• 
HWRN,HIo410N=======================================:10 
.( 
hstrch# 
----------------------------------------- 
hloekN 
----------------------------------------- 
EISASIGNALS 
msbrst# 
slbrstN 
bclk 
~ 
_ 


stortN 
-,.-,--:--:--.,.-,--:-"'L~~~~~_~~~r-,--:--:--.,.....,..-:-.,...,-:---:--:-.,....,.....,-:--,--:--:--.,.....,.....,--,....,-:--:- 
cmd# 
-----------------~~~~_~~ 
__ 
~~_~~~~~_~.:---- 
exrdy 
---------------------L..............-.----------------- 
nows# 
----------------------------------------- 
WR,10410 
:======================================:1 0======================================= 
bole 
~~~ 
__ 
~~_~~~~-----~~~~_~~ 
__ 
~~_~~~~~_~~ 
__ 
~~ 
iorc# 
----------------------------------------- 
iowc# 
----------------------------------------- 
mrdc# 
----------------------------------------- 
mwtc# 
----------------------------------------- 
chrdy 
----------------------------------------- 
10ekN 
----------------------------------------- 
DATAANDADDRESSCONTROLSIGNALS 
epyup 
CPEN[13,3:1IN 
1111 
.•. 
·0011 
_ 
SDOE[2:01N-----. 
111------·.-·------------011 
============================= 
HDOE[1:OlN ~_~ 
__ 
~~_~~~ 
~ 11======================================= 
SDLE[1:OlN = 1,----.-:: 
00 ::J:::. =.========================:11 ================= 
HDLE[3:0IN ~~~~ 
1111===========~======= 0000---~'-·--------1111 
========= 
holooeN 
10hooeN 
lasooe# 
50100e# 
holeN 
10ieN 
soleN 
8[(3:01N 
=1100 
_:::;J_' 
~ 
~_0111 
~ __ 
~~~1000 
~_~ 
~_~ 


sbheN 
SA[l:OJ 
~_~ 
10 ==========~========================= 11================ 


inter 


RESET& ISP INTERFACESIGNALS. 
STr3:0J 
=1111 :;::;::):::'::C::::;:~':;::;:::;=;::::;::;:::;=;::::;::;:::;=;::::;::;:::;==:::;::;:::;==:::;:===:·1111:;:::;=:::;::;:::;=:::;::;:::;=:::;::;:::;=:::;::;: 
spkrok 
rstar# 
rst 
RSTrCPU:385J 
~. 
00 ==:::;:====:::;:====:::;:====:::;:====:::;:==::;: 


MASTERDECODESIGNALS. 
hhldo 
exmstr# 
mstr16# 
emst16# 
rfrsh# 


SLAVEDECODESIGNALS· 
ex32# 
------------------------------------- 
ex16# 
-......--. 
---------------------------------- 
m16# 
...,...,...,.,~ 
r;--, 


1016# 
-------------------------------------- 
hlocmN 
-~=---.------------------------------~=~-~ 
hlocio# 
u:::s:::s:::3. 
rm 


HOSTMASTERSIGNALS 
elk1 
HADS# 
•••..• 


hrdyl# 
--,--. 
-------------------------------~ 
herdyo# 
-------------------------------~L...J 
. 


hrdyo# 
....•• 
--. -------------------------------~~ 
hna# 
----~l.....I--.------------------------------- 
HWR#,H1.410#=:::::;::;:=;::::::;::;:=;::::::;::;:=;::::::;:::;=;::::::;:::;=;::::::;:::;=0 
1:;:::;=:::;::;:::;=:::;::;:::;=:::;::;:::;=:::;::;:::;=:::;::;:::;==:::;::;: 
hken# 
-------------------------------------- 
HBEl3:01# 
=:::;:::;::;:====:::;:::;::;:====:::;:====:::;:===.10000 
=====:::;:====:::;:====:::;:=====:::;:::;::;: 
hstreh# 
-------------------------------------- 
hlock# 
-------------------------------------- 
L10WT#:DRDY=:::::;:::;=;::::::;:::;=;::::::;:::;=;::::::;:::;=;::::::;:::;=;::::;::;:::;=11:;:::;=;::::::;:::;=;::::::;:::;=;::::::;:::;=;::::::;:::;=;::::;::;:::;=;::::;::;: 


EISASIGNALS 
BURSTrMS:SLJ#:;:::;==:::;:=====:::;:=======::;::;:====== 
belk 
stort# 
emd# 
exrdy 
nowslJ 
WR,MIO 
bole 
lore# 
lowe# 
mrde# 
mwte# 
ehrdy 
lock# 
hhold 
rde# 


DATAANDADDRESSCONTROLSIGNALS 
epyup 
CPEN[13.3:1l#~~~~~~~~~~1111 
~_~ 
__ 
~ __ 
~ __ 
~ __ 
~ 
0101··~ __ 
~1(:;:::;_1111== 
SDOE[2:0J# 
====:::;:==============::;::;:=====::;::;:=111 
=====::;::;:=====::;::;:=====:::;:=====:::;:= 
SDLEl1:OJ# 
=11 
:;:=::;:::.::c::::;:~. :::;::;:::;::;=;:=:::::;::;:::;::;;:;:====::;=======11 
========::;::;:=====:::;:=====:::;:= 
HDOE[1:01#:Ji 
11========:::=======================00------------~=-11:::; 
HDLEl3:0J# 
=1111==:::;:==:X:======0000 
==:::X<=:::;:1111====X':::;:======0011 
===:::X1(:;:::;=1111== 
holooe# 
lohooe# 
losooe# 
solooe# 
hole# 
lole# 
~~~~rj..,.·..,...,,...,...,...,....,..,,..:-.,...,...,..,,..:-.,...,...,..,,..:-.,...,...,..,,..:-.,...,...,..,,...,...,...,....,..,,..,...,..,_~__ 
~ 
~ 


soleN 
t..............--. ------------.L....-..--. ------------- 
BEl3:01# 
=;::::;::;:::;=;::::;::;:0000··=:::::;:::;=;:::::::;:::;=;::::::;:::;==· 00 11 :::;::;:::;=;::::;::;:::;==~c::::;:: 
'1111= 
0000= 
sbhe# 
SA[1:OJ 
=:::;:====10 =__._~__~__~OO 
~1 0 :;:::;==:::;:====:::;:==::;: 


inter 


RESET'"ISPINTERFACE 
SIGNALS· 


ST[3:0J 
.=.....• 
(l"'.~~~_~~~~~~~~~~~~_~1111 


spkrok 
rstor# 
rst 
RSTlCPU:3851;:· 
=:;::;==:;::;======;::;:==:;::;===. 
00===:;::;======;::;:======== 


MASTER 
DECODE 
SIGNALS 
hhldo 
8xmstrN 
mstrl6# 
omst16# 
rfrsh# 


SLAVEDECODE 
SIGNALS 


ox32# 
----------------------------------------- 
ox16# 
----------------------------------------- 


m16# 
<..J----------------------------------------- 
1016# 
----------------------------------------- 
hlocmN 
-·LSJ--· --------------------------------------~·i 
hlocioN 
. OJ 
. 
.i 


HOSTMASTER 
SIGNALS 


elk1 
JIJIIMlIlAJlIA/lIIWInAMlIMMIInAMlIMAJlJInAIMlIlAJlIA/lIIIIUIIMIMlIMIWInAMlIMAJlJInAMlIMIA/lIIIIUIIMlIIAJIIMIWInAMlIMAJlJInAMI 


HADS# 
:-u-.--------------------------------------- 


hrdyl# 
~--------------------------------------......,U 


hordyo# 
----------------------------------------<.r 


hrdyo# 
----------------------------------------. 
IJ 
hno# 
,.....,.....-.-------------------------------------- 


HWR#.HM[O#;:·=:;::;==:;::;======;::;:=====:;::;:01====;::;:==:;::;==:;::;======:;::;= 
hkon# 
----------------------------------------- 
HBE[3:0J# 
;::;=:;::=::=======:::;=:;::=::===:;===:::;=:;::=::===:;===0000 
-------------------- 
hstreh# 
hloek# 
L10WT#:DRDY 
=============:;::;==:;::;==11 
====;::;:=====:;::;===;::;:==== 


EISASIGNALS. 
BURSTlMS:SLI#:==::==::======:;====:;::==:;::===============11====;::;:==:;::;==:;::;======:;::;= 
belk 
storti 
~. 
.•.•....•.•. 
.•.•....•.•. 
. •.•....•.•. 


cmdll 
~ 
•.~~~~~_~~. 
r-:"1•._~~~~~~.~r:"""":"'1 
r-:'1 


exrdy 
nows# 
WR.MIO 
===:;::;======;::;:=====:;::;===::01====;::;:==:;::;==:;::;===;::;:== 
bole 
~ 
•.._~~~~~~ 
__ 
,.,.,~_~ 
~ 
,.,.,~~~ 
,.,.,.~_~~~_~~~ 


iorcN 
----------------------------------------- 
iowell 
----------------------------------------- 
mrdc# 
---- 
.•.' ~~_~~_~. 
~ 
•.•..~~_~~~~r_:"""":"'.~_~~~_~r_:__:'"l 
. r 


mwte# 
ehrdy 
loek# 
hhold 
rdo# 


DATAANDADDRESS 
CONTROL 
SIGNALS 
epyup 
CPENI13.3:1J# 
====== 
1111~~ 
_ 


SDOE[2 
:OJ# :====:::;===::=======:::;=:;::=::===:;===:::;=:;::=::=== 


SDLEll:OJ# -=-C-.------------------ 
HDOE[l:01# = 11:::::;.;:;=:;::=::=======:::;=:;::=::=======::==:;::=;:====== 
HDLE[3:01# : 1111= 
0000:=:;::=;:=:::==:::====== 


holooo# 
lohooo# 
losooo# 
salaoe' 
holo# 
1010# 
so[o# 
BE[3:01# 
sbho# 
SA[1:0J 


1110 
.= 
1101 
.= 
1011== 
111 


11 


00 
!( 
.= 
0001 
=. 
0011 
.= 
0111== 


----.J. 
~. 
=0000:::_'_· 
0001 
0011 


;:10:::::>IC====00=====C===01----·.~---10----· 
.~---11 
==== 
290252-27 


RESET& IS?INTERFACE 
SIGNALS 


STl3:01 
:::::J' 
«=lC) 
1101 
OG:: 
spkrok 
rstorjl 
rst 
RSTlC?U:385) 
00 


f,jASTERDECOOESIGNALS 
hhldo 
emst16# 
mstr16' 
exmstrN 
rf"h' 


SLAVEOECOOE 
SIGNALS 
ox32' 
oxl6' 
m16' 
1016# 
hlocm' 
= 
= 
hloclo' 
= 
= 


HOSTf,jASTERSIGNALS· 
ClKl 
HAOS' 
~ 
U" 


hrdyl' 
---,-,.. 
~ 
herdyo# 
-' 
~ 
hrdyo' 
~ 
~ 
hno' 
. L..J 
. 


hsstrb' 
L 


HWR,.Hf,jIO,=10=»· 
10 
Cl1= 
hken# 
H8E13:01, 
=0111=:JQ 
0011 
c::: 
hstrehjl 
hlock' 
L1owr,: ORDY 
11 


EISASIGNALS 
msbrstl 
--------------------------------------------- 
slbrstN 
--------------------------------------------- 


bclk 
stortI 
cmd# 
~ 
~____________________ 
~~~~~~~~_r__:__:__:_ 


exrdy 
--------------------------------------------- 
nows'll 
---------------------------------------~ 
••.•~----- 
WR,f,j10 
=10:;::;:JJCc::::l==-C:======================== 
10 ========================'CC 
11= 
bole 
~"....,~~ 
~ 


lorel 
lowel 
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Figure 3-17. 32-Bit EISA Master to 16-Bit EISA Memory 
Slave No Assembly 
Write Cycle with Wait States 
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Figure 3·19. 32·Bit EISA Master to 16·Bit EISA Memory 
Slave 0 Wait State Burst Disassembly 
Write Cycle 
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elkl 
HADS# 
hrdyl# 
hordyo# 
hrdyo# 
hna# 
hkon# 
HBEI3:0J# 
0000 
.0011 
~_~~~ 
~ 1111 
~ 


HWR#,Ht.lIO# ================ 
11 ================= 
hstreh# 
------------------------------------ 
hloek# 
------------------------------------ 


EISASIGNALS 
msbrst# 
----------------.-.-.-.-.-.-.-. 
-. -. -. -. -. -. -. -.-.-.-.-.-.-.-.-.-.-. 
-. -. -. -. -. -. ---- 
slbrst# 
------------------------------------ 
belk 
start# 
emd# 
exrdy 
nows# 
WR, t.l10 
bolo 
lore# 
lowe# 
mrde# 
mwte# 
ehrdy 
loek# 


DATAAND ADDRESSCONTROLSIGNALS 
epyup 
\ \ \ S \ \ \ \ I 
CPEN03,3:1l# _~~ 
__ 
1111. 
0101 


SDO[[2:0J# = 
111 :;::;==== 
000::;::::;:;X;::::;::::;::::;::::;::::;::::;::::;::::;::::;:011 
SDLEll:0J# 
=11=00=11=01:==X"=:::;:;::;:=====11 
HDOEll:0J# 
= 
11_=__'~~~ 
~~~OO 


HDLEI3:0J# 
=1111 
=X;:0000':==:::'====================·1111 
====::;:==:::;:;::;:====::;: 
halooe# 
lahaoo# 
Icsaoe# 
solaoe# 
hale# 
1010# 
salo# 
B[[3:0J# 
sbho# 
SAll:0J 


RESET&: ISP INTERFACESIGNALS. 
STl3:01 
=1101= 
0100~ 
__ 
~0101 
1101 


spkrok 
rstorN 
rst 
rstcpu 
rst385 


"'ASTEROECOOESIGNALS 
hhldo 
-------------------------------------------- 


8xmstr# 
mstr16N 
omst16N 
rfrshN 


SLAVEOECOOESIGNALS 
0.32N 
----------. 
-.-.-.-.-.-.-.-.-. 
-. ~I__ 
~~I 
•••. 


~1~···············1 
I· 
m16N 
1016N 
hloemN 
hloeloN 


HOST"'ASTERSIGNAL5 
. 
elkl 
HAOSN 
hrdyiN 
hordyoN 
hrdyoN 
hnoN 
hkonN 
. 
HBEI3:0IN 
-·1111 
=1011::;::;:::;:) 
1111 
<=1101::=:::::::::liC===1111= 
HWRN.H"'ION 
. 00 
'0:::::::=;:=;::::::::::::::::::::::::=== 


hstrehN 
. . . . . . . . . 
. 
. 


hloekN 
. 


EISASIGNAL5 
. 


msbrstH 
-.-.-.-.-. 
-. -. -. -. --.-.-. 
-. -. -. -. -.-.-.-.-.-. 
-. -. -. -. -.-.-.-.-.-.-. 
-. -. -. -.-.-------.-.-. 
-. -. -. -. -.-.-.-.--------- 
slbrstN 
-------------------------------------------- 
belk 
stortN 
emdN 
exrdy 
nows# 
WR, "'10 
bale 
iorc# 
iowc# 
mrdc# 
mwtc# 
ehrdy 
loekN 


OATAANDADDRESSCONTROLSIGNALS 
epyup 
..... 
LI 
__ 
~ 
~ 
~~ 


CPENl13,3:1IN= 1111 :=====::::::::::::=== 
110 1:::::::::=:::=====:::= 
1111:::=======:::=======:::= 
1110 
<= 
SOOEI2:0IN 
)1)1:=;:=;::::::::::::::::=======11t:==::::::::::====::::===:JCC=OOO= 
111:=====~====== 
101==========Xi(11l: 
5DLEl1:OIN 
:====::::::= 
11 =::==::::::::=:::=======01 
~ __ 
~ __ 
~ 
111======::'Ce-C===OO 
==;:::liC======== 11=::::==:::::::: 
HDOEl1:OIN 
::::::======= 
11 :::==::::::==:::=======00:=====::::::::::::::==='1':'-:'-:'-:'-:'-:'::'~::'::'::'::'::'::'::'::'::'=00 
==========='ICC11: 
HDLEI3:0IN = 
1111 ;:::::=;:::::::x:;::::::::===0011 =====c=:===== 
1111 
._=_ 0000 ====.:::======1111 ========= 
halooeH 
---------. 
-. -. -. -.-.-.-.-.-.-. 
-. -. -. -. -.-.-.-.-.-. 
-. -. -. -. -.-.-.----. 
-.-.-.-.-.-.-. 
-. -. -. -.-.----------- 
10hoooN 
losooe# 
so1008# 
haloN 
1010N 
soloN 
BEI3:0IN 
sbhoN 
SAll:01 


•• 
_I 
~~ 


. 
i 
r:"'7'7 


RESET&: ISP INTERFACESIGNALS. 
. 
. 


Sn3:0J 
:::xl' 
=0100=0101=0100=:J~· 
~~~0101~~~~~~_C=~_1101 
== 
spkrok 
rslor# 
.. 
.. 
.. 
. .. 
. . 


rsl 
rstcpu 
rst385 


~ASTER DECODESIGNALS 
hhldo 
-.-.-.-.-.-.-.-.-.-. 
-. -. -. -. ---.-.-.-.-.-.-.-.-. 
-. -. ------------------------ 
8xmstr# 
mslr16# 
. 


emsl16# 
rfrsh# 


SLAVE DECODESIGNALS 
ex32# 
.•...•~-.-.----.-.-.-.-.-.-. 
-.-------------.-.-.-.-.-.-.-.----. 
-." 
eX16# 
.•...• 
~-.-------------------------.-.-. 
-.-.-.-.-." 
, . 


m16# 
---.-.-.-. 
-.-.-.-.-.-.-.-.-.-.-.--------------------------.-.-.-.-.-.-.-.-. 
iol6# 
------.-.-...' 
~~ 
__ 
~ 
~~ 
__ 
~~ 
~ __ 
~~ 
_ 


hlocmN 
-.-.-.-.-.-.-.-.------------. 
-. -. -. -. -.-.-.-.-.-.-.-.-.-.-. 
-. -. -. -. -. ----.-.-.-.-.-.-. 
-. -. -. ------ 
hlocio# 
------. 
-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-. 
-.-.-.---------------.-.-.-.-. 
-.-.-.-.-.-.-.-.-.--- 


HOST ~ASTER SIGNALS 
elkl 
HADS# 
hrdyi# 
herdyo# 
hrdyo# 
. 
hno# 
' 


hken# 
. . . . . . . . . . . . . 
. 
. 


HBEI3:0]# =1111= 
1000 =" 
.1011 ..========:;:::;:::;:::;:::;::;:;:;:;=======1111 
~~~_~~ 
__ 
• 
HWR#, H~IO# __ 
~~ 
__ 
~ 
~~ 
__ 
~ 
~10------------------~C- 


hslreh# 
-------------.-.-.-.-.-.-. 
-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-. 
-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-. 
-.-.-.-.-.-.-.-.-.- 
hloek# 
----------------. 
-.-.-.-.-.-.-.-.-.-.-.-.-.-.-. 
-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-. 
-.-.-.-.-.-.-.-.-.-.--- 


EISA SIGNALS 
msbrstN 
-----.-.-.-. 
-. -. -. -. -. -. -. -. -.-.-.-.-.-.-.-------------. 
-. -. -. -. -.-.-.-.-.-.-.-.-.-. 
-. -. -. -. -. -. -. -.-.-.-. 


slbrst# 
---------------------------------------- 
belk 
slort# 
emd# 
exrdy 
nowsN 
WR, ~IO 
bole 
iorcN 
iawe# 
mrde# 
mwtc# 
ehrdy 
lock# 


DATAAND ADDRESSCONTROLSIGNALS· 
. 
epyup 
I~ 
~ 
__ 
~ 
~ 
__ 
~ 
~ 
~~ 
~_ 


CPENI13,3: 11#======::;:::;:::;::;:;:;= 
1111 ================:::=============== 
1101 =::;:::;:===::;::;:;=:;===.:::C=::;==llll == 
SOOE[2:0]# 
::x:; 000 =111 ===:l-C========OOO:;::::;::;::;::;:;:;X=======::;:::;:::;::;::;::;:;Oll 
==============:::===111 
= 
SDLEll :01# = 
11 ==x::::::: 
00 ==::;::x-::;::;:;:;==11=====::;::X=::;::;='O1====-c======::;:::;:::;::;:;:;:: 
11 :;:;:;=========::;:::;:::;:::;::;:;::;: 


HOOE[l:01# = 
11 :;=:;:::.=========::;:::;:::;:::;:::;:=:;:;:;==========:00 
::;::;:;:;=========::;:::;:::;:::;:::;::;:;:;:;:;=====:::===11 = 
HDLE[3:01# =1111 ::::::::x::::::0000 ====·:::===::;:::;:=::;:::;:::;::;:;:;:;=========::;::1111======::;:::;:::;::;::;::;:;:;========::;:::;:::;::;::;::;:;:;= 
holooe# 
. 


lohooe# 
lascoe# 
501008# 
hole# 
lole# 
sole# 
BE[3:01# 
sbhe# 
SAll:01 


.. 
L.-.-.J. 
. 
L.-.-.J. 
=1111= 
1000 ==::;::X-::;::;::;::;===1011 ..=======:X:::::;::;::;::;:;:;======1111 
=============:;:: 
_____ 
nL 
..r. :-.:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-. 
:-.:-.:-.:-.:-.:-.:"7. 
• 


RESET '" 
ISP INTERfACE 
SIGNALS 
ST13:01 
:-:--1101 
c: 0100::;) 
0101' 
.... 
1101--: 


spkrok 
rstar# 
rst 
rstc:pu 
rst385 


I.4ASTER DECODE SIGNALS 
. 


hhlda 
exmstrN 
mstr16# 
emst16# 
rfrsh# 


SLAVE DECODE SIGNALS 
ex32# 
.. 
i . 


ex16# 
.. 
i . 


m16# 
1016# 
hlocm# 
hloclo# 


HOST I.4ASTER SIGNALS 
clkl 
HADS# 
hrdyl# 
herdyo# 
hrdyo# 
hna# 
hken# 
HBEI3:0J# 
:l' 
·1110 
1111 
HWR#. H1.410#:l' 
·00 
hstrch# 
hlock# 


EISA SIGNALS 
. 


msbrst# 
slbrst# 
bclk 
start# 
.. 
i. 


cmd# 
• 
M 
i . 


exrdy 
nowsN 
.'---1. 


WR.1.410 
00 
bale 
~ 
lorc# 
... 
.M. 


lowc# 
mrdc# 
mwtc# 
chrdy 
lock# 


DATA AND ADDRESS CONTROL SIGNALS 
cPyuP 
I. 


CPENI13.3:1 
J#. 
1111 
SDOE[2:01# 
111· 
(;: 
000 =X:::l11 
::; 


SDLEll:01# 
11 
00 
11= 
HDOEll:01# 
11 
00 
11= 
HDLEI3:01# 
1111 
0110 
... 
1111--:--: 


halaoe# 
lahaoe# 
lasaoe# 
solaoe# 
hale# 
lale# 
sale# 
.~. 


BE[3:01# 
:l' 
1110 
1111 
sbhe# 
SAll:0J 
10 
00 


290252-43 


inter 


RESETole ISP INTERFACESIGNALS 
STC3:0J 
=xx= 011'_:::l_'~~ 
0111-=-~'-----0111:::;::;::;::;::X::;::;::::X::;:::::::::::=='Ol11:::::::::::::::::::::;)C(:;:::::;:::: 


spkrok 
rstorN 
rst 
rstcpu 
rst385 


t.lASTEROECODESIGNALS 
hhldo 
-------.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-------------------------- 


8xmstr# 
mstr16N 
omst16N 
rfrshN 


SLAVEDECODESIGNALS 
ox32N 
------------.-.-.-.-.-.-. 
-. -. -. -. -. -. -. -. -. -. -. -.-.-.-.-.-.---------. 
-. -. -. -. -. -. -.-.-. 
L.............r 


ox16N 
. . . . . . . . . . . . . . 
. . . . . . . . . . . . . . . 
. . L.............r 
m16N 
-. -. -. -. -. -. -. -. -. -. -----.-.-.-.-.-.-.-.-.-. 
-. -. -. -. -. ------------------------ 


1016N 
-------------------------------------.-.-.-.-.-.-.-.-.-. 
hloemN 
------------------------.-.-.-.-.-.-.-.-.-.-.-.-. 
-. -. -. -. -. -. -------- 


hloeloN 
-----. 
-. -.-.-.-.-.-.-.-.-.----------. 
-. -. -. -. -.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-. 
-. -. -. -. -. -. -. -. -. -. -. -. -.---- 


HOSTt.lASTERSIGNALS· 
elk 1 
UUUlJUlJIIIIJIIIIJMMMMMJll1Jll1I1U1L1lfLllfUUUlJUlJlIIIJlIIIJrliliMMMMMJll1I1U1I1U1L1lfUUUUUlJUlJIIIIJIIIIJMMMMnnJ 
HADSN 
---------------------. 
-.-.-.-..-.-.-.--------------- 
hrdylN 
-----------------. 
-. -. -. -. -. -. -. -.-.-.-.-.-.-.-.-.-.-.-.-.----. 
-. -. -. -. -. -. -. -. -. ------- 
herdyo# 
----------.-.-.-.-.-.-.-.-.-. 
-. -. -. ------------------------- 
hrdyoN 
. 
hnoN 
. . . . . . . . . . . . . . . . . . . 
. 
. 
hkonN 
. . . . . . . . . . . . . . 
. 
. 


HBEI3:01N 
=0000=0001=> 
0011;::;::;::;:::;:::::;:::::::::::::::::::==0111:::;::;::;::;:::;:::::;::::::::::::::=1111::::::::::::::::::::::: 


HWRN.Ht.lION;:;:;::;:::;:::::;::::::::::::::=====::=::=::::::::::::;::;::;::;::;::;:::;::::= 
11 ::;:;:;:;::;::;::;::;:;::;::;::;;:;:;:;:;:;:;:;::;::;::;::;::;::;::;::;::;::;::;:;:;::;::;::;::;::;:;;:;: 


hstrehl 
---. 
-. -.-.-.-.-.-.-.-.-----.-.-.-. 
-. -. -. -. -. -. -. -. -. ---.-.-.-.-.-.-.-.-.-.--------------- 
hloekN 
-----.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-. 
-. -. -. -. -.-.-.-.-.-----.-.-.-.-.-.-.-.-.-.-.-.-. 
-. -. -. -. -.-.-.-.-.-.-.-.-.-.----- 


DATAANDADDRESSCONTROLSIGNALS 
cpyup 
3""S'3"'P 
~~~~~~ 
~~~~~~ 
~~ 


CPEN[13.3:1)N·= 
1111======~====== 
1110 ::;::;::;::;::x:;:;::;::;::;::;::;:;=0101 ======~::===;:::;::;::;:OO 11------~"=- 
SDO[[2:0IN 
;:;:111::::::X=000::=::JC::;::::::::::::::;:,001====:X:::::=::=::::::::::::::::::;::;::;::;:::;:::::;::::=011 
c;::;: 


SDLErt:OIN 
;:;:11=00=11=00==11==01:::>:::====:;::11 
=::;::;::;:;:;::':::::01::::X:::::;:;:;:;::;::;::;::;:·11:;:::::;:::::;:::::::::::::::::: 


HOOErt:OIN 
=11::;:) 
00 
"= 
HDLE[3:01N ;;:1111_' 
~~~~~~ 
~1111=:;::;::;::;::;::;::;::;::;::;:;:;::;::;;:;:;:;:;:;:;::;::;::;::;::;::;::;::;::;::;::;::;::;::;= 


holaoe# 
---------------------. 
-. -. -.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-. 
-. -. -. -. -. -. -. -. -. ----- 


10hoooN 
105008# 
salaoe# 
haloN 
1010N 
soloN 
BE13:01N 
sbhoN 
SAll:01 


EISASIGNALS. 
msbrst# 
slbrotN 
belk 
stortN 
emdN 
exrdy 
nows# 
WR,t.l10 
bole 
iore# 
iowc# 
mrdc# 
mwtc# 
ehrdy 
10ekN 


• 


RESET& ISPINTERFACE 
SIGNALS 


ST(3:01 
=1101:::X:l100=0100= 
0101=0111= 
0110 ~~~ 
__ 
~_0111 
===~C:=0110= 
spkrok 
rstorN 
rst 
rstcpu 
rst38S 


MASTEROECOOESIGNALS 
hhldo 
-------------------------------------------- 


exmstrl 
mstr16H 
omst16H 
rfrshH 


SLAVEOECODESIGNALS 
0.32H 
•• 
16H 


m16H 
1016H 
hlocm# 
hloclo# 


HOSTMASTERSIGNALS 
elkl 
HADSH 
hrdylH 
hordyoH 
hrdyoH 
hnoH 
hkonH 
HBE[3:0IH 
====================0111==================== 
HWRH,HMIOH:11::l:-'========1 
0 ==============:;;===================== 
01 ======================= 
hstrch# 
------------~------------------------------- 
hlock# 
-------------------------------------------- 


EISASIGNALS 
msbrstH 
-------------------------------------------- 
slbrst# 
-------------------------------------------- 
bclk 
~~ 
~----'_ 
----'_~ 
----_.. 
~----_.. 
~----~ 
stortH 
....,.......,.......,.......,...L..~~~~~~~...r-:--:--:--:-.....,......,......,.___.. 
_l--:--:--:---:---:---:---:.....,L....~~~. 
cmd# 
-------------'__~_~_~~_;_--------~ 
~_~..:----- 


exrdy 
-------------------------------------------- 
nowsfl 
-------------------------------------------- 


WR,MIO 
:11::J::liC:::=========10 
=========::x:=============== 
01 ======================== 
bole 
~ 
~~~~_----_.._~_~_~~ 
~..:----~ 
~~~ 
~_" 


lorcH 
-------------------------------------------- 


loweN 
-------------------------------------------- 
mrdc# 
-------------------------------------------- 
mwtcH 
-------------------------------------------- 


chrdy 
-------------------------------------------- 
lockH 
-------------------------------------------- 


DATAANDADDRESSCONTROLSIGNALS 
epyup 
CPEN(13,3:11H 
=1111 
~~~~ 
_ 
SDOE(2:01H 
SDLEll:0IH 
HDOEll:OlH 
HDLE(3:01H 
holooeN 
lohaoe' 
105008# 
solaoe' 
holoH 
1010H 
soleN 
BEl3:01H 
sbhoH 
SA(I:01 


0101 
c:: 
1111=- 
0101 
c::;: 
1111::::: 


111 
00 
11 
00= 
00 
11 
00= 
0000 
1111 
0000 
c::;: 
1111::::: 


~~~~11~ 
~_~. 


======== 
11=======:lC=============== 
=1111 
======:;;====== 


inter 


RESET'" ISP INTERfACESIGNALS 
SH3:0J 
:x=1111= 111 OX=: 0 110 :::::::)'C::==;:;:;:;::;:;::;::;::;::;:=====:::O 
111 :;:;::;::;:======;:;:;:;:;:;::;:;::;::;::::)C= 
spkrok 
. 


rstor# 
. 


rst 
rstcpu 
rst38S 


MASTERDECODESIGNALS 
hhldo 
------------. 
-.-.-.-.-.-.-.-.-.-.-.-. 
-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-. 
-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-. 
-.---- 


exmstr# 
mstr16# 
emst16# 
rfrsh# 


SLAVEDECODESIGNALS 
ex32# 
----------------------------------------- 
ex 16# 
:-:--::-:-. .,.. .,.. .,.."7. "7."7.-:.-:.-:.-:.:-.:-.:-:-. 
7" 
. .,-.1.1 
.....J-:-:-:-::-:-:-:-. 
7". .,-. .,.. .,.. .,.."7."7."7. -:--:-:-:-:-::-:-:-:-,....,..,....,...,.. 
"7."7. "7."7.-:.-:.:-.:-.:-.:-.:-:-. 
,....,..,....,...,...,...,..,..,.. 


m16# 
i016# 
hlocm# 
hloeio# 


HOST MASTERSIGNALS. 
elkl 
HADS# 
hrdyl# 
herdyo# 
hrdyo# 
. 


hnaR 
. 
hken# 
. . . . . . . . .. 
. 
. 


HBEI3:01# = 
0111 ==;:;:;:;::;:;::;:;::;::;:=======c::::;:;::;:;::;: 
1011 :::::::::;:;:x:== 
0011= 
HWR#. HMIO# ~11::>;:::;:;::;::;::;::;::;::::::::::::::::::::::::::;:;:;::;::;::;::;::;::;::::::::::::::::: 
01 :;:;:;::;::;::;::;::;::::::::::::::::::::::::::::;:;:;::;::;::;::::::::::::::::::::::::::::::11= 
hstreh# 
----------------------------------------- 
hlock# 
----.-.-.-.-.-.-.-.-----------. 
-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-. 
-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-. 
-.-.-.---- 


DATAANDADDRESSCONTROLSIGNALS 
cpyup 
. . . . . . . . 
~ 
, . 


CPEN[13.3:1l# .._::l_' 
~~~~ 
~~~~ 
__ 
11111:::::;:;::;::;:======:::::;:;:;:;::;:;::;::;:=====::::::::::;:;:;:;: 


SDOE[2:0J# 
~:;::;::::::::::::::::::::::::::::;:;:;::;::;::::;::;::::::::::::::::::::::::::::;:;:;::;::;::;:::: 
111 :::::;:;::;::;:======:::::;:;:;:;::;:;::;::;:======:::::;:;::;:;::;:;: 
SDLEll:OJ# 
;::;::;::::::::::==:;:;:;::::::11 :::::::::::::::::::::::::::::::::::::::==::::::::::::::::::::::::::::::::::::::::::::: 
00:::::::::::::::::::::::::::::::::::::::::::::::::= 
HDOEll:01# 
";:JA' __ 
~~~~_ 
11:::======:::::;:;:;:;::;:x:;::;:======:::::;:;:;:;::;:;:= 
00 :;:;:;::;::;::;::;::;::::::::::::::::=::::::;:;:;::;:;. 
HDLEI3:01# 
~:;::;:::::::::::::::::::==1111 ;::;::;::;::;::;::;::;::;::;::;::;::;::;::;::;: 
01 01 ::::::::::::::::::=::::::;:;:;::;::;::::;::;::::::: 
0000 :::=====:::::;:;::;:;:X=:;::;::: 


holooe# 
lohooe# 
losooe# 
solooe# 
hole# 
lole# 
sole# 
BEI3:01# 
sbhe# 
SAll:01 


EISASIGNALS.. 
msbrst# 
slbrst# 
belk 
stort# 
emd# 
exrdy 
nows# 
WR. MIO 
bole 
iorc# 
iowell 
mrdc# 
mwtc# 
ehrdy 
loek# 


""~ 
~i 
~I 
~i 
·~I 
····· 
··_1 
·······• 
r:""":"'"': 
----.-.'-I 
~~__ 
. 
L- 
:-:-,....,..,....,..,....,..,....,..,....,..,....,..,....,..,....,...,- 
. .,-. .,-. .,-. .,-. .,-."-.1.1 
..J,..,...,..,. 


RESET '" ISP INTERFACESIGNALS· 
ST[3:0J 
~:::~.~~.~~~.~_~~~~ 
__ 
~ 
o11,-------~-~Z:::J-·~-~---0111 
===xc::=. 
1111= 


spkrok 
rsfarfl 
rst 
rstcpu 
rst385 


MASTER DECODE SIGNALS . 
hhldo 
----------------------------------------- 
exmstr# 
mstr16# 
emstl6# 
rfrsh# 


SLAVE DECODE SIGNALS 
ex32# 
. L.......J--. 
-------------------~. 
L........J~.------------ 
e.16# 
m16# 
1016# 
hloem# 
hloelo# 


HOST MASTER SIGNALS . 


HADS# 
=::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::= 
hrdy[# 
herdyo# 
hrdyo# 
hno# 
hken# 


H8E[3:0J# ==0011 :.==.J('======= 
1100'=::~~~::::::~~'~' 
~~~=::~~~0~0~121'=:=::~~~::::2· 
'~I:: 


HWR#. HMIO# ::::::;c 
01 
c: 


hstreh# 
----------------------------------------- 
hloek# 
----------------------------------------- 


EISA SIGNALS . 
msbrst# 
~~~~~~ 
~_~i. 
slbrst# 
----."";.., 
_~~ 
__ 
I . 
bclk 
stort# 
~-------------------~L.............. 


cmdN 
•....• 
~~_~~~ 
.r-----~ 
_ 


exrdy 
---------------~. 
L..............~-.--------- 
..,•..•....•.• 
r-. ---------- 


nows# 
WR. MIO _=~.~~~ ~__~~_~~~_~01 
==================:::'C:I:: 
bale 
~ 
__ 
~....,....,.~~ 
~ 
~_~_~_~ 
....,....,~~_~~_~ 
~_~ 


iorc# 
[oweN 
mrde# 
mwte# 
ehrdy 
loek# 


DATA AND ADDRESS CONTROL SIGNALS 
epyup 
~ 
•••.•_~_~~~_~~~~ 
~_~~~_~~ 
~_~~~ 


CPEN[13.3: 11#·= 
1111 :;:::;::x: 
0101 ::>:::================ 
SDOE[2:0J# 
SDLEI1 :OJ# 
HDOE[l :OJ# 
HDLE[3:0J# 
holooe# 
lohooe# 
losooe# 
solooe# 
hole# 
lole# 
sole# 
8E[3:0J# 
sbhe# 
SA£1:0J 


1111 
0101 
1,1,= 
111 
00 
11 
00 
=11= 
00 
11 
00 
=11= 
0000 
1111 
0000 
1,1,= 


:---11=========== 
==11======-=============== 
= 1111 ====::;.=============== 


inter 


RESET &c ISP INTERFACESIGNALS. 
Sn3:01 
;:xx:;:: 1101:=lC0100) 
0101 
1101~ 
"=1111= 
spkrok 
rstor# 
rst 
rstcpu 
rst385 


toIASTERDECODESIGNALS 
hhldo 
8xmstr# 
mstr16# 
emst16# 
rlrsh# 


SLAVEDECODESIGNALS· 
ex32# 
oJ 
. i 
ex16# 
oJ 
. I 
m16# 
1016# 
~ 
hloem# 
hloclo# 
hstreh# 


HOST toIASTERSIGNALS 
elkl 
HADS# 
hrdyl# 
herdyo# 
hrdyo# 
hno# 
hken# 
HBEI3:01# 
=" 
0011 
1111 
HWR#, HtoIIO#=" 
00 
=:11= 
hloek# 


EISASIGNALS. 
msbrst# 
slbrst# 
belk 
stort# 
emd# 
exrdy 
nows# 
WR, toIlO 
=" 
00 
=:11= 
bole 
r-:--:--:-l 
lore# 
lowe# 
mrde# 
mwte# 
ehrdy 
loek# 


DATAANDADDRESSCONTROLSIGNALS 
epyup 
oJ· 
L.............J 
CPEN[13,3:1 J#.:- 
1111 
SDOE[2:0J# 
;:) 
111 
0:000:> 
111 
SDLW:OI# 
11 
00 
11 
HDOEI1:01# 
;:) 
11 
00 
11 
HDLEl3:01# 
=1111 
0000 
1111 
holooe# 
lohooe# 
losooe# 


501008# 
hole# 
lole# 
sole# 
.~ 
BEI3:01# 
=:0- 
0011 
1111 
sbhe# 
SA[1:0J 
=01 
10 
290252-48 


RESET'" ISPINTERFACE 
SIGNALS. 


ST13:01 = 01.11===::;:::;:lC====:O110:::;:=:;::x:=:::::====:;::=:::::== 
0111 
spkrok 
rstor# 
rst 
rstcpu 
rst385 


t.lASTER 
OECODE 
SIGNALS 
hhlda 
-------------------------------------------- 


exmstr# 
mstrl6# 
omst16# 
rfrsh# 


SLAVEDECODE 
SIGNALS· 


ex32f1 
------------------------------- 
...•.•----------~ 
ex16# 
------------------------------- 
•..•.• 
~ 


m16# 
1016# 
hlocm# 
hloclo# 
hstrch# 


HOSTt.lASTER 
SIGNALS 
clkl 
HADS# 
hrdyl# 
hordyo# 
hrdyo# 
hna# 
hkon# 
HBEr3:01# ::::1011Xx=:;::=:::::=:;::=::::::::== 
0011==:::::====:::=X::;:=:;::=:::::==1111 
x:::;:; 
HWR#.Ht.l10#;:::01:,=::=,-_.::,::,::,::,::,=,-;:,::,::,::,::,::,::,-;:,::,::,::,::,::,::,=,-;:,::,::,::,::,::,::,-;:,::,::,::,::,= 
11 
x:::;:; 


hlock# 
-------------------------------------------- 


EISASIGNALS 
msbrstfl 
-------------------------------------------- 


slbrst# 
-------------------------------------------- 
bclk 
,...,...,..,'l~~~~...r-:-:...,..,..,...,..,"'l..~~ 
__ 
..r,..,...,..,-:-.,...,."'L 
.r-:-.,...,....,..,....,..'L. __ 
~~r...,..,....,..-:-:...,....,L............ 


start# 
-------~~~ 
~~~--------------------------- 
cmd# 
~~_['7.,....,.-:-:'....,...,...,....:-:-':""':'".,....,...,~~_~~_~~ 
__ 
~_~ 
~..r...,....:-:-':""':'".,....,.-:-:'....,..., 


exrdy 
-------------------------------------------- 
nows# 
---~---------------------------------------- 
WR.t.l10 
;:::01==::;:x. 
==:;::=:::::====:::===:;::=:::::==11-----------------~,~=- 
bole 
~~~~ 
~_~~....:----~ 


TorcH 
loweN 
mrdc# 
mwtc# 
chrdy 
lock# 


DATAANDADDRESS 
CONTROL 
SIGNALS 


cpyup 
~ 


CPEN[13.3:1]#· 
1111----~,-=- 
0101===:::.======::;:======::;:======== 
1111:.:::::===::::::::===:;::== 
SDOE[2:0]#~~ 
~_111 =====:::::::==::x=====:::::::==::::=== 
000_~~~ 
~~~_'~Cl11= 


SDLEO:01# 
~ 
~~ 
__ 
~OO ====::;======::;:======:::=======::;========== 
11~ 
~~ 
~ 
HDOW:01# ;:::=:::===:;::=:::::====:::====00:=======================================~C-ll 
= 
HDLEr3:0J#=0000 
)(:::;:;:1111=" 
0000====::x:=:::::=:;::=::::::::== 
1111~ __ 
~~ 
~ 


halaoo# 
lahaoo# 
10500e# 
501008# 
halo# 
1010# 
salo# 
BE[3:0]# 
::: 1011;::=:;::=:::::====:;::::: 
OOt1~ __ 
~~ 
~~ 
__ 
~~ 
1111===:;::=:::::=::'C=:::: 
sbho# 
~~ 
~~~~ 
~~~~ 
~~~~ 
~~~~ 
~~~ 
__ 
~ 


SA[l:0] 
========= 11======:;::====::::;::====:::==10:::::;::====::::;::====;:;:: 


RESET&c ISPINTERfACESIGNALS 
STl3:01 
= 
spkrok 
rstor# 
rst 
rstcpu 
rst385 


MASTERDECODESIGNALS 
hhldo 
------------------------------------------ 
exmstr# 
mstr16# 
omst16# 
rtrsh# 


SLAVEDECODESIGNALS 
0.32# 
-------------------------------------~. 
I.............. 


0.16# 
--------------------------------------. 
I.............. 


m16# 
1016# 
hlcx:m# 
hloclo# 
hstrch# 


HOSTMASTERSIGNALS 
elkl 
HADS# 
hrdyi# 
hordyo# 
hrdyo# 
hno# 
hkon# 
HBEI3:01# 
=1100~~~_~~~~~~_1101 
~~~~~~~_~~~_~~_1111 
=:::;:==::::::::::::;:=== 
HWR#.HMIO#===:;:::;:::;:==:;:::;:::;:==:;:::;:::;:==:;:::;::::;:==:;:::;::::;:==:;:::;::::;:==11 
hloek# 


EISASIGNALS 
msbrst# 
------------------------------------------ 
slbrst# 
------------------------------------------ 
belk 
stort# 
emd# 
exrdy 
nows# 
WR,MIO 
===:;:::;::::;:==:;:::;::::;:==:;:::;::::;:==:;:::;::::;:==:;:::;::::;:==:;:::;::::;:==11================== 
bole 
~ 
••...•~~~_~~~_~~~~~~~~~r:"""'7'"1 


lore# 
iowell 
mrde# 
mwte# 
ehrdy 
loek# 


DATAANDADDRESSCONTROLSIGNALS 
cpyup 
~ 
••.~~~~~~~~~~~~~_~~ 
...••..• 
r:"""":""" 
r 
CPENI13.3:1l#::;:===========:::: 
1111=========:;:x=======::::= 
111110~~~~~~~~~ 
SDOE[2:01# ::::::x:: 111:::::::::~'===============100 -------~<~--------·1 
01·: 
SDLE[l:01# 
:::: 11= 00 ::::::<c:====== 
11:==============XC:=OO ::::::<~============== 11:::::::::::;:==::::::::::::;:::; 


HDOEl1:01# 
:::: 11::::::.;;;:==================================== 
00~~~~~~~~~~~~~~~~~~~ 
HDLEl3:0J# : 1111X 0000:::::::;<=============================== 1111 
holooo# . 
lohooo# 
10$00.# 
solaoe# 
hole# 
lole# 
sale# 
~. 
. ••.••.•...•. 


BEl3:01# 
= 
1100 :=====~============== 
1101===============::::============ 
1111===::::==== 
sbho# 
SAll:01 


• 


inter 


RESET'" ISP INTERFACESIGNALS· 
STI3:0J 
1110::.=================================== 
spkrok 
rstarN 
rst 
••••• 
-'-'~'-'-'-'-'_'_'_'__'_'_ 
••••• ._'._'._'._'.-'.-'.'-'-. 
'-.'-.'-.'-.-'-.-'-..•...•...•...•.. 
_'._'._'._'._'.-'.'-'-. 
'-.'-.'_'__'_'__'_'_ 
••••• 
~'-'-'-'-'-'-'_'__'_'_ 
••••• 
-'-'~'-'-~ 


RSTICPU:385J -.-.-.-.-.-.-.-.-.-.-. 
-.-.-.-.-.-.-.-.-.-.-.-.------. 
-.-.-.-.-.-. 00::·:::·:::·::·::· 
::.::.:;.:;.::.::.::.::.=:.::.::.:::.:::.:::.:::.::.::.::.:;.:;.:;.::.::.::.=:.::.::.::.:::.:::.:::.== 


t.lASTERDECODESIGNALS 
hhlda 
------------------------. 
-. .,-. .,-. .,-."'"."'".-,.-,."'".""'.""'.""'.""'."'"."'" 
.,.,..."'" 
. .,-. .,-. .,-."'"."'".-,.-,.-,.""'.""'.""'.""'.""' 
..,.,...,.,..,. 
exmstrN 
------------------------------------------ 


mstr16# 
-.-.-.-.-.-.-.-.-. 
-.-.-.-.-------------.-.-.-.-.-.-. 
-.-.-.-.-.-.-.-.-.-.-------------- 
emst16# 
rfrsh# 


SLAVEDECODESIGNALS· 
ex32# 
.,..." . 
eX16# 
. 


m16# 
----------------. 
-.-.-.-.-.-.-.-.-.-.-.-.-. 
-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-. 
-.-.-.-.-.-.-.-.-.-.----- 
io16# 
-------------------------. 
-.-.-.-.-.-.-.-.-------------- 


HLOClt.l:IOJ# ----------.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-. 
11::·::·::·::·::·::·::·::·::·::·::·::·::· 
::.::.::.::.::.::.::.::.::.::.::.::.::.::.::.::.=. =. =. =. =. =. =. == 


HOST t.lASTERSIGNALS 
CLKl 
HADS# 
hrdyi# 
herdyo# 
hrdyo# 
hna# 
hsstrb# 
-.-.-.-.-.-. 
-.-.-.-.-.-.-----------.~'_'__'__'_'~-. 
----.-.""'.""'."'".'"" 
.,.,.. 
. .,-. .,-. .,...,...,...,....,...,...,...,..,...,...,...,.,.,...,.,...,...,...,...,....,...,...,...,....,..,. 


HWR#. Ht.lIO# :Ol::l:-C· =:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:;::::11· 
C01::: 


hken# 
HBEI3:0J# 
hstreh# 
hloek# 
liowt# 
drdy 


EISA SIGNALS 
msbrst# 
-.-.-.-.-. 
-.-.-.-.----.-.-.-.-.-. 
-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-. 
-.-.-.------------------- 
slbrstl 
-------.-.-.-.-.-.-.-.-.-.-. 
------.-.-.-.-.-.-. 
-.-.--------------.-.-.-.-. 
-.-.-.-.-. 


bclk 
~--.--.-.-.-.-i.. ... -,-.---.- •....... 
-'-.-.-.-.-.-.-.-"'-'.""''''''_._ 
..:"'-.-.-.-.-.-.-.-'.. ... -,-.-.-.-.-.-.-~ 


stortI 
--------.-.-.-, 
.. 
. 
. ... 
i . 
emd# 
-.-.-.-.-.-. 
-.-.-.-.-.-.---------.-.-.-.~,......... 
. 
, 
. 
exrdy 
--------------------.-.~~~-. 
-.-.-..,...,----,.---. 
-.-.-.-.-.-.-.--,.-.,...,...,...,.. 
nows/l 
WR. t.l10 
bale 
iore# 
iowel 
mrde# 
mwte# 
ehrdy 
loek# 
hhold 
rde# 


""""""'1..'-. '-'-'-'-'--'-'--'-'-'-'-''-'-' 
..••.••.••.••.'-'-'-'-'-'-'--'-'--'-'-'-'-'.'-.'- 
...•..-'-."'-.'-. '-. '-. .'-.'- .•••...•..-'-."'-.'-. '-. '-.·-.J'r·"""""""''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 
~. 
. 
~ 


DATAANDADDRESSCONTROLSIGNALS· . 
. 
. 


epyup 
. . . . . . . . . . . 
. . . . . . . . . . . 
. 
. 
CPEN[13.3:1I#· 
1111·········.· 
···········0101· 
··············-:::1111:::: 


SDOEJ2:01# 
111· 
. . . . 
. 
. 
SDLW:OI# 
. . . . . . . . . . . . . . . . . 
11 . . . . . . . . . . . . . . . . . . . 
. 
. 


HDOEll:0J# 
:11:-·· 
······01······ 
···Cl1::: 


HDLE[3:01# ="...................... .........0000 . . . . . 
. . . . . . . . . . 
. . C 111:: 


halaoe# 
. . . . . . . . . . . . . . . . . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
. 
. 
lahaoe# 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
. 
. 


lasaoe# 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
. 
. 
solooe, 
. 
. 


hale# 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
. 
. 


lale# 
. . . . . . . . . . . . . . . 
. . . . . . . . . . . . . . 
. . . . . . . . . 
. 
. 
salel 
. . . . . . . . . . 
. 
, . .. 
.. 
, . .. 
. . . . . . . . 
. 
. 


BEJ3:0JI 
0011 . . . . . 
. ...................•... 
sbhel 
. . . . . . . . . . . . . . . . 
. 
. 
SA[l :01 
10 . . . . 
. 
C.l.l:: 


290252-51 


inter 


RESET 
a: ISPINTERFACE 
SIGNALS 


STI3:01 
~ 


spkrok 
rstarl 
rot 
RsnCPU:385J 
~~~ 
~~~~~~~~~~ 
OO 


~ASTER 
DECODE 
SIGNALS 
hhldo 
--------------------------------------------- 
exmstrN 
--------------------------------------------- 
mstr1611 
--------------------------------------------- 


emst1611 
rlrshll 


SLAVE 
DECODE 
SIGNALS 
IIx32# 
-,~~~ 
__ 
~~_~~~~~~ 
i . 


ex16* 
m16# 
1016# 
HLOCI~:IOI# 


HOST 
~ASTER 
SIGNALS 
CLKl 
HADS# 
hrdyl# 
herdyol 
hrdyo# 
hno# 
hsstrb# 
HWR#. 
H~ID#=::::X<lX'===================ID 
0 
01= 
hkenN 
--------------------------------------------- 
HBEI3:01#==X'=================== 
1100==================:;X<==Dlll 
= 


hstrch# 
--------------------------------------------- 


hlockl 
--------------------------------------------- 


liowt, 
--------------------------------------------- 


drdy 
--------------------------------------------- 


EISASIGNALS 
msbrst# 
--------------------------------------------- 


slbrst* 
--------------------------------------------- 
bclk 
------...I---- .... 
...:---- .... 
...:---- .... 
.:---'- 
:---~L__ 


start# 
------- 
•• 
~~ 
~~~ 


cmd# 
....,....,.....,.....,.....,.-..,.-..,.-..,.....,.....,.-.,..-.,..-.,......,......,.. 
••.•~~~~~~~ 
r:-:-:-,....,,....,,....,,....,,....,,....,-:....,.....,.- 


exrdy 
------------------~~~------------------------ 
nows' 
WR,~IO 
===:X.=================== 
10=====================01= 


bot. 
--------------------------------------------- 


lorel 
--------------------------------------------- 
lowe' 
~L~~~_~~ 
__ 
~_~ 
__ 
~~~ 
~_~~~~~~~~~~ 
r_.,-:-:-,.... 


mrdcN 
--------------------------------------------- 
mwtcf 
--------------------------------------------- 
chrdy 
-:""1. 
~~_~~~ 
~ 
__ 
~~ 
.J"----------------- 


lock' 
--------------------------------------------- 
hhold 
--------------------------------------------- 
rd_' 
--------------------------------------------- 


DATA 
ANDADDRESS 
CONTROL 
SIGNALS 


cpyup 
CPENI13,3:11#,------~~~--~--~~~~~~~~IIII~~~~~~~~~~~~~~~~~~~~~~ 
500[[2:0)1 
:==============================::=::========== 
111 


SOLE[1 
:OJ# 
:============================::=::=::========== 
11 
HOOEll:01# 
:==:X.==================== 
10==================='C::=11 
= 
HDLEI3:01# 
:==:X.================== 
0000==================XC::::=OlOD 
= 
halooe# 
lahaoe' 
loscoe' 
solooe# 
hol.' 
101_, 
sole' 
BEl3:01# ::::::lC'=================== 
1100==================::X<=::=0111 
= 
sbh.' 
-'~ 
~~~~~~~~~~ 
~~~~~ 
~~ 


SA[1:0) 
::::::lC'====================00::'::'::'::'::'::'::'::'::'::'::'::'::'::'::'::'::'::'::'::'::'::'::'::'::'::'::'::,::,::,::,::,::,::,::,::,::,::,--::,=::,=11= 


290252-52 


RESET&: ISP INTERfACESIGNALS 
STl3:01 
=======::::;::========1110 
= 
spkrok 
---------.-. 
-. -. -. -. -. -. ----.-.-.-.-. 
-. -. -. -. -. -. -------. 
-. -. -. -. -. -.-.-.-.-.-.-.-.-- 


rstarN 
------.-.-.-.-.-.-.-.-. 
-. -. -. -. -. -. -. -.-.-.-.-.-.-.-.-.-.--. 
-. -. -. -. -. -.-.-.-.-.-.---. 
-. -. -. -. -. -. -. -.-.-.---- 


rot 
rstcpu 
rst385 


MASTERDECODESIGNALS 
hhldo 
-.-.-.-.-.-.-.-.-.---.-.-.-. 
-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-. 
-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.------.-.-.-.-.-.-.-.-.- 
.. 


8xmstr# 
--. 
-. -.-.-.-.-.-.---------------------.-.-.-. 
-. -. -. -. ------- 


mstrl6# 
omst16# 
rfrsh# 


SLAVEDECODESIGNALS 
ex32# 
...•..•.•--. ---------------------------------.~ 
•.•..•... 
ex16# 
:"""7""7"~ 
_ 


m16# 
--------------.-.-.-.-.-.-.-.-.-. 
-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-. 
-.-.-.-.-.-.-.-.-.-.-.-.-.-.--- 


1016# 
-.-.-.-.-.-,,-.---.-.-.-. 
-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-. 
-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-. 
-.-.-.-.-.------- 
hlocm# 
hloclo# 


HOSTMASTERSIGNALS. 
clkl 
HADS# 
hrdyl# 
hordyo# 
hrdyo# 
hno# 
hkon# 
HBEI3:0J# ~=_~' 
1011~ 
~ 
~ 


HWR#,HMIO#;::;::;::;::;::;::;::;::;::;:;:;:;:;;::;::;::;:;::;::;::;::;::;::;::;::;::;:;:;:;:;;::;::;: 
01 
<:10~ 


hstrch# 
------------------------------------- 


hlock# 
------------------------------------- 


EISASIGNALS. 
. 
. 


msbrst# 
. 


slbrst# 
bclk 
storti 
cmd# 
exrdy 
nows# 
WR.MIO 
bolo 
iorc# 
iowel 
mrdc# 
mwtc# 
chrdy 
lock# 


DATAAND ADDRESSCONTROLSIGNALS. 
cPyuP 
. 
CPEN[13,3:11#·· 
1111,~ 
~ 


SDOE[2:01# 
;::;:===::::;::::::;::=======::::;::::::;::==;:;:111 
=========::::;::::::;::======= 


SDLEI1:OJ# 
;:11:::>-::::;::;:;:;::;::;::;::;::;::;::;::;::;::;::;::;::;::;::;::;::;::;::;:00 
::;:;===================;::======::::;:: 
11::::;::::::;::::::;::::::;:::; 
HDOE[1:OJ# 
;::;::;::;::;::;::;::;::;:;=:;;::;::;::;:;:;::;::;::;::;::;::;::;::;::;::;===;::;::;:;:11 
:=================================~'C 
01~ 


HDLE[3:0J# 
;::;::;::;::;::;:==:;:;=:; 1111===::::;::::::;::=====X===::::;::====OOOO 
::;:::;;::;::;:;:;:;::;::;::;::;::;::;::;::;:; 
holooe# 
----.-.-.-.-.-.-. 
-.-.-.-.-.-.-.------------------. 
-.-.-.-.-.-.-.-.-.-.-.-. 
-.-.-.. 


lohooo# 
loso08# 
solooo# 
holo# 
1010# 
solo# 
BE[3:0J# 
sbho# 
SAO :OJ 


inter 


RESET& ISPINTERFACESIGNALS 
STl3:01 
spkrok 
rstarR 
rst 
rstcpu 
rst385 


MASTERDECODESIGNALS 
hhldo 
-------------------------------------------- 


exmstr# 
-------------------------------------------- 


mstr16# 
emstl6# 
rfrsh# 


SLAVEDECODESIGNALS 
ex32# 
-------------------------------------------- 


ex16# 
--.1--. ------------------------------------------ 


m16# 
-------------------------------------------- 


1016# 
-------------------------------------------- 
htocm# 
-------------------------------------------- 
hloclo# 
-------------------------------------------- 


hstrch# 
-------------------------------------------- 


HOSTMASTERSIGNALS. 
elkl 
HADS# 
hrdyi# 
herdyo# 
hrdyo# 
hno# 
hken# 
HBE[3:0J# 
~~~~~~~~~~~~~~_~~ 
__ 
~_1011 
====================== 


HWR#,HMIO#= 01====.:;:.==::==::==:::=::::::=:::=================:::=11 
-: 


hloek# 


EISASIGNALS. 
msbrst# 
-------------------------------------------- 


slbrst# 
-------------------------------------------- 


belk 
stort# 
emd# 
exrdy 
nows# 
WR,MIO 
=01_=~· 
-'••....•. 
~~~~~~~~~~~~~_~~_11 


bole 
iorc# 
iowc# 
mrdc# 
mwtc# 
chrdy 
loek# 


DATAANDADDRESSCONTROLSIGNALS 
epyup 
CPEN[13,3:11#·===================================== 
SDOE[2:01# ;:::==::=::::::=::::::=::=:::::=:::==:::===::==::=::::::=::::::::::=:::= 
SDLE[1:01# 
====================================== 


HDOE[1:01# 
= 
11====:lO'================================= 


HDLE[3:01# ====================================== 
holooe# 
-------------------------------------------- 
lohaoe# 
losooe# 
501008# 
hole# 
lole# 


soleH 
BE[3:01# 
sbhe# 
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1111 == 


holooe# 
lohaoe' 
losooe# 
solooe# 
holeN 
lole# 
sole# 
BEI3:0J# 
sbhe# 
SAIl:0) 


• 


inter 


RESET8< ISP INTERFACESIGNALS 
ST13:01 
;;X::WOl ~::l~1_'~ 
__ 
~ 
1111 
,C::; 
drdy 
,....,•.•~ __ 
~~ 
~ __ 
~~ 
~~~ 


spkrok 
----------------------------------------- 


rstarN 
----------------------------------------- 


rs\ 
rstcpu 
rs\385 


MASTERDECODESIGNALS 
hhldo 
--------------------------,-,-, 
-.-.-. 
---------- 


8xmstr# 
----------------------------------------- 
mstr16# 
----------------------------------------- 


ems\16# 
----------------------------------------- 


rfrshlJ 
----------------------------------------- 


SLAVEDECODESIGNALS 
ex32# 
exl6# 
m16# 
1016# 
HLOClM/IOI# 


HOSTMASTERSIGNALS 
elk 1 
HADS# 
hrdyi# 
herdyo# 
hrdyo# 
hno# 
hken# 
HBEl3:01# 
_:<_, 
0000 ======::X"==OO 
11===.::l"C:=======1111 
.c::; 
HWR#.HMIO#_'~~~~~~~~_~~_~~~~~~11 
==========:::::=======x:x: 
01 
hstrch# 
----------------------------------------- 
hloek# 
----------------------------------------- 


EISASiGNALS' 
msbrst# 
----------------------------------------- 


slbrst# 
----------------------------------------- 


belk 
s\ort# 
emd# 
exrdy 
nows# 
WR. MIO 
bole 
iorc# 
~ 
_ 


iowe# 
----------------------------------------- 
mrdc# 
----------------------------------------- 


mwtc# 
----------------------------------------- 


chrdy 
----------------------------------------- 


loek# 
----------------------------------------- 


DATAANDADDRESSCONTROLSIGNALS 
cpyup 
:-:--:-1_~ 
~ 
~ 
~~ 
~ 


CPENI13.3:11#,-------. 
1111 ===============:::================ 
0101 =================~G=· 
1111 = 


SDOE[2:0J# 
======111 
-----~=-, 
-000==='=~'=================011 
==================.:::==. 
111= 


SDLEl1:01# 
-----. 
11 ' 
<=00= 
11 =01 
=:J=.=':::=================' 11 =====:::::==== 


HDOEll:01# 
. 11_· 
, 00 ========================:::.===. 
:11 == 


HDLEI3:0J# 
=========1111 
C 0000 ::l::XC:=======:::::====. 
1111 :.======================== 
holooe# 
lohooe# 
lasaoe# 
solooe# 
hole# 
lole# 
soleN 
~_~ 
~ 
~ 
~ 


BEI3:01#::X 
0000-------=-0011 
===.~.================ 
1111 ========::.::lX:=:::=. 
sbhe# 
SAil :01 
' 00 =,===============~====::============::===1 
0 ======================= 


.-_. • 
nnnn,," 
1"'\ 
~"n 


RESET &: ISP INTERFACE SIGNALS 
STl3:0J 
::x: 1010;:) 
1111 
drdy 
I. 
.L..... 


spkrok 
rstar/j 
rst 
rstcpu 
rst385 


t.4ASTER DECODE SIGNALS 
hhldo 
8xmstr# 
mstrl6# 
emst16# 
rfrsh# 


SLAVE DECODE SIGNALS 
e.32# 
e.'6# 
m16# 
1016# 
HLOClt.4/IOI# 
11 


HOST t.4ASTER SIGNALS 
elkl 
HADS# 
hrdyi# 
herdyo# 
hrdyo# 
hno# 
hken# 
H8E13:01# 
::;:1111=>' 
0000 
0011 
1111 :;:::;:= 
HWR#, Ht.410# 
11 
hstreh# 
hloek# 


EISA SiGNALS 
msbrst# 
slbrst# 
belk 
stortI 
.1 
I. 


emd# 
.. 
i . 
.j 


exrdy 
nowsll 
WR, t.410 
11 
bole 
iorcl/ 
~ 
... 


iowell 
mrdc# 
mwte# 
ehrdy 
loek# 


DATA AND ADDRESS CONTROL SIGNALS 
epyup 
CPENI 13,3: 11# 
1111 
0101 
c:: 
SDOEl2:0l# 
111 
000 
011 
c:: 
SDLEIl :Ol# 
11 
00 
11 
01 
11= 
HDOElI :01# 
11 
00 
c:: 
HDLEI3:01# 
1111 
0000 
.. 
1111 
halooeN 
lohooe# 
losooe# 
so1008# 
hole# 
lole# 
sole# 
~ 
i, 
.L.......-...-... 


8EI3:01# 
::;:1111=>' 
0000 
0011 
.. 
11 1 1:;:::;:= 
sbhe# 
~ 
SAll:0l 
:1 OX;: 
11:;:> 
00 
10 


290252-77 


inter 


RESET&: ISPINTERFACESIGNALS· 
STI3:0J 
===;:'C:;:;:::::::;=========:;:;:::::::;========l 
000 ==============:;:;:::::::;====== 
drdy 
__ 
~ 
__ 
~ 
__ 
~ 
~~_~ 
__ 
~ 
__ 
~ 
__ 
~ 
~ 


spkrok 
----------------------------------------- 
rstarN 
----------------------------------------- 
rsl 
rstcpu 
rsl385 
MASTERDECODESIGNALS. 
hhlda 
----------------------------------------- 
exmstr# 
----------------------------------------- 
mstr16# 
----------------------------------------- 
emsl16N 
----------------------------------------- 
rfrshN 
----------------------------------------- 


SLAVEDECODESIGNALS. 
ex32N 
----------------------------------------- 
ex16N 
----------------------------------------.~ 
••.•. 


m16N 
----------------------------------------- 
ia16N 
----------------------------------------- 
HLOCIM/IOIN =::::::::::;:==::::::::::;:==::::::::::;:====::::::===::::::::===::::::::::;:==;:11 
==::::::::===::::::::::;:==::::::::::;:==::::::::::;:==::::::::::;:==::::::::::;:==:::::::: 


HOSTMASTERSIGNALS 
elk1 
UlJIUIJ.lf.IAJIUIJ.lf.IAJIUIJ.lf.IAJIUIJ.lf.UlJI:u:IWUlJl:u:InJ1UlJl:u:InJ1UlJUlnJ1UlJUlAS1LlUUlAS1LlUUlAS1LlUUlAS1LlUUlIUILlUU1 
HADSN 
--------------------------------------- 
hrdylN 
----------------------------------------- 
herdyoN 
----------------------------------------- 
hrdyoN 
----------------------------------------- 
hnaN 
----------------------------------------- 
hkenN 
----------------------------------------- 
H8E13:01N 
-=-,---0000 
=0001 
:::::l::::::'==::::::::===:::::::::::===:::=:::====llll=================== 
HWRN,HMION=======:;:;:::::::;====::::::;=======0 
1==:::::::::::::;:====:::::::::::::;:====:::::::::::::;:===::;::::::::::===== 


hstrchN 
----------------------------------------- 
hloekN 
----------------------------------------- 
HGT16MN 
-------------------- 
~ 
~ 


EISASIGNALS 
msbrst# 
----------------------------------------- 
slbrst# 
----------------------------------------- 
belk 
slortN 
emdN 
exrdy 
nows# 
WR,MIO 
bole 
iorc# 
iowe# 
mrdeN 
mwleN 
ehrdy 
loekN 


DATAANDADDRESSCONTROLSIGNALS 
epyup 
,~. 


CPENl13,3:1]N 
1111 
SDOEl2:0JN 
111 
SDLEl1:OJN ==:11 
00 
> 
11 
01 
,,=11= 
HDOEl1:OIN 
==:11 
00 
> 
11 
00 
"=11= 
HDLEI3:0IN 
=1111 
0000 
1111 
0111 
"=1111= 
holooeN 
10hooeN 
105008# 
solaoe# 
holeN 
10ieN 
soleN 
~ 
!. 
i. 
.L. 


8E13:01N 
=< 
0000 
~0001=' 
1111 
sbheN 
I. 


SA[1:01 
00 
11 


290252-78 


inter 


RESET 
&: ISPINTERFACE 
SIGNALS 
STI3:01 
=" 
0110=======~::=========================1111=============;:x=== 
drdy 
"""""""L_~_~~~_~ 
~_~ 
~_~ 
~_~ 
~_~ 
~_~~~~~~~..JI-:.-:.,...,...,....,.-:-:,...,...,....,.-:-:,...,...,....,.."l.L_ 


spkrok 
------------------------------------------ 
rstar# 
------------------------------------------ 
rst 
rstcpu 
rst385 
t.4ASTER 
DECODESIGNALS 
nnldo 
------------------------------------------ 
8xmstr# 
------------------------------------------ 
mstrl6# 
------------------------------------------ 
emst16# 
------------------------------------------ 
rfrsn# 
------------------------------------------ 
SLAVEDECODESIGNALS 
ox32# 
..,..,L~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
__~~ __~~~~~~ 
ox16# 
....J~-.---------------------------------------- 
m16# 
------------------------------------------ 


1016# 
------------------------------------------ 
HLOClt.4/IOJ#====;:=======;:;:=======;:========;:======;::;:11 ========================== 
HOSTt.4ASTER 
SIGNALS 


elkl 
HADS# 
nrdyJ# 
nordyo# 
nrdyo# 
nno# 
nken# 
HBEI3:0J# 
_==J••..... 
~~~~~~~~~~~~~~~ 
__ 
~~1100 
__ ~~~~~~~~~~~ 
__ ~~ 
__ ~~ 
__ ~ 
HWR#.Ht.410#===:l'========================== 
11=;:========;:========;:=======;:========== 
nstren# 
------------------------------------------ 
nloek# 
------------------------------------------ 
EISASIGNALS 
msbrst# 
------------------------------------------ 
slbrst# 
------------------------------------------ 
bclk 
~ 
~~...:----'_~_~_:----.'_' 
:I-.----.'_, __ ~_:----~L_ 


storti 
-:-:..,....,...,...,....,..-:-:..,....,...,...,....,....,....,-:-:..,....,....,....,....,-:-:..,....:""\.._~~ ~~~...r..,....,-:-:..,....,...,...,....,..-:-:..,....,...,...,....,....,.-:-:-,...:-.,...,...,...,.. 
emd# 
...•.•••••.•... 
r· ..,....,..."...,...,...,....,...."...,...,...,....,...."...,...,...,....,...."...,...,...,....,...."...,...,...,....,...."...,...,...,....,...."...,...,...,....,...,....,L_~~~~~~~~J' 


exrdy 
------------------------------------------ 
nows# 
------------------------------------------ 
WR.t.410 
::;::;;:;:;::;:::;::;;:;:;::;:::;::;;:;:;::;:::;::;;:;:;::;:::;::;;:;:;::;:::;::;;:;:;::;:::;::;:11 
===================== 
bole 
------------------------------------------ 
lore# 
iowc# 
mrde# 
mwte# 
enrdy 
loek# 
DATAANDADDRESSCONTROLSIGNALS 
epyup 
CPENI13.3:1l#====================1111 
::;::;===================== 
SDOEl2:OJ# ::;::;;:;:;::;:::;::;;:;:;::;:::;::;;:;:;::;:::;::;;:;:;::;:::;::;;:;:;::;:::;::;;:;:;::;:::;::;::;: 
111==;:=====;:=====;:=====;:=====;:=====;:=====;:= 
SDLEll:OJ# =OO·:::l:>C:============ll =============;:X======DO======;:X=====ll 
========= 
HDOEr1:01# =OO=·:::X::' 
===============11 
=============;:x================00---------c:- 
HDLEI3:0J#=====================1111==================:::=======0000======::::::========1111=======: 
nolooo# 
lonooo# 
losooe# 
solooo# 
nolo# 
1010# 
solo# 
BEI3:0J# 
_==_. 
~ 
~~ 
1100============================== 
sbhe# 
------~ 
_ 
SAI1:0J 
======================================:00============================;:============= 


im~r 


drdy 
spkrok 
rstorN 


1'$\ 
rstcpu 
r5\38S 
t.lASTERDECODESIGNALS 
hhldo 
--------------------------------------------- 


exmstrN 
--------------------------------------------- 
mstr16# 
--------------------------------------------- 


ernst16# 
--------------------------------------------- 
rfrsh# 
--------------------------------------------- 
SLAVEDECODESIGNALS 
8)(32# 
--------------------------------------------- 
•• 161 
...,...--:---:---:-.l.! 
~~~~~~~~~~~~~~ 
~ 
_ 


m16' 
--------------------------------------------- 


iot6' 
--------------------------------------------- 
HLOClt.I/IOJ#============================================::: 
11========================================= 


HOSTt.lASTERSIGNALS 
elk1 
HADS# 
hrdyi# 
herdyoll 
hrdyo# 
hno# 
hken# 
H8EI3:0J# 
= 
1111_~~_~ 
1100==================== 


HWR#.Ht.lIO#==========================::: 
01=============================== 
hstrch# 
--------------------------------------------- 


hlock# 
--------------------------------------------- 
EISASIGNALS 
msbrst# 
--------------------------------------------- 


slbrst# 
--------------------------------------------- 


bclk 
~ 
i .. 
i 
" 
.' 
" 
.' 
" 
.' 
i .. 
L.--. 


start# 
. . 
. . 
cmd# 
-------------.'-1 
~ 


exrdy 
--------------------------------------------- 


nows# 
--------------------------------------------- 


WR. ~IO 
============================================= 
01========================================= 
bale 
--------------------------------------------- 


iorcl 
--------------------------------------------- 


iowc# 
-------------.-1 
-I-.------ 


mrdc# 
--------------------------------------------- 


mwtc# 
--------------------------------------------- 


chrdy 
--------------------------------------------- 


lock# 
--------------------------------------------- 


DATAANDADDRESSCONTROLSIGNALS 
cpyup 
. , 
i . 
.L-- 
CPENI13,3:11# 
1111 
SDOEI2:0)# 
111 
SOLEI1:01# 
11 
00 
Cl1= 
HDOEll:DJ# 
11 
00 
Cl1= 
HDLEI3:0J# 
1111 
0100 
1111= 


halaoe' 
lahao." 
lasoo.* 
solooe# 
hole# 
101.# 
sole# 
.. 
i. 
8EI3:0I# 
=1111 
1100 
sbh.# 
r:--:--;, 
SAll:0J 
=01=11= 
DO 


RESET 
&: ISPINTERfACE 
SIGNALS 
STl3:01 
========== 
1011==========:J'C== 
1111:;:::;:::J'C======1111 
=======ICC::X:C:= 
drdy 
----J~.----------------------"l.. 
r:--:-"1....... 


spkrok 
-------------------------------------------- 
rstorll 
-------------------------------------------- 
rst 
rstcpu 
rst385 


MASTER 
OECOOE 
SIGNALS 
hhldo 
-------------------------------------------- 
exmstrfl 
-------------------------------------------- 
mstr16f1 
-------------------------------------------- 
emst1611 
-------------------------------------------- 


rfrsh# 
-------------------------------------------- 


SLAVEDECODE 
SIGNALS 


0.321 
ex16# 
m161 
io16* 
HLOCIM/IOJI 


HOSTMASTER 
SIGNALS 


elk 1 
nn.nnnnlll1ll11~II1J'II1J'UUIlUIlUU1JU1JlUllUllU\nnlll1ll11I1U1Il11'UVUVWWll\lll\lIU1Jnn.nnnnlll1ll11ll11I11J'II1J'UUIlUUUUlJIUlJIUlIU\M 
HADSI 
------------------------------------------ 
hrdyll 
-------------------------------------------- 
herdyo# 
-------------------------------------------- 
hrdyo# 
-------------------------------------------- 
hno# 
-------------------------------------------- 
hken# 
-------------------------------------------- 
H8EI3:0JI 
================ 
0000===============:;=:;=:;============':::C 
0011=1111 = 
HWRI.HMIOI======================:;==01 
============>c::::======== 
11 
~~~ 


hstrch# 
-------------------------------------------- 
hlock' 
-------------------------------------------- 


EISASIGNALS 
msbrst# 
~ 
~~~ 
. 


slbrstl 
bclk 
stortI 
emdl 
exrdy 
nows# 
WR,MIO 


bale 
10reN 
-,-,-,...-,...-.,......,......,.....-:--:--:--:--:--:--:--:-...,..-..,--..,--:--:--:--:--c-c 
•• 
.....Jr.,.....-:--:--:--:--:--:--:-"l.L-... 


loweN 
~ 
__ 
~ 
~-------------------- 


mrdc# 
-------------------------------------------- 
mwtc# 
-------------------------------------------- 


chrdy 
-------------------------------------------- 
lock# 
-------------------------------------------- 


DATAANDADDRESS 
CONTROL 
SIGNALS 


cpyup 
CPENI13.3:1I1 
~~~~~~ 
__ 
~~~ 
~ 1111================='1C==0101=1111 
= 
SOOE12:011====================:;=:;=:;=====111 
================'CCOOO=011 
= 
111= 


SDLEll:011 =11===~<::=============:;=:;=='OO 
=======:;=:;=========~::====11= OOXll :JC01= 
11= 
HOOEll:011 = 11==:::J-C========::::100 
===========:::JC==ll 
00 
=11= 
HDLE13:011= 1111::::o:c::======:::::::::::::: 
0000 
, 
1111.... 
1111==== 
halooe# 
lohooel 
loso08# 


sokloeiJI 
holol 
10101 
sole# 
8E[3:011 
sbhol 
SAll:01 


~:-. 
-:--:--:-...,,.....,,.....,-...,-...,-...,-...,-...,-..,....,.....,.....,.....,....,.....,.....,.....,......,."l.... 
......J~-. 
------L-... 


================= 
0000===================:;=:;=:;=======~.::C 
0011=1111 = 
---~----~~--~-----~~~~~~~~~---~~----~~-~-~I:""I..... 
======================:;=:;========00=:;=:;========================:;=:;===:>C=====10 <::c 


290252-81 


inter 


RESET&: ISPINTERFACE 
SIGNALS· 


SH3:0J 
=1111 
===;::.==================== 0111~_~~ 
__ 
~~~~ 
__ 
~ __ 
~1111 
drdy 
~1.~~~~~_~......Jlr.."7."""""""""'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''.''''.''''.C".''''''''. 
C".,.-.,.-.7".7".":".":". 
"'."7."7."7\..1 
spkrok 
---------------------------------------- 
rstorN 
---------------------------------------- 
rst 
rstcpu 
rst385 


MASTERDECODESIGNALS 
hhlda 
------------. 
-.-.-.-.-.-.-.-.-.-.-.-.---------------------- 
8xmstr# 
---------------------------------------- 


mstrt6f1 
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
omstl6# 
. 
rlrsh# 


SLAVEDECODESIGNALS. 
0.32# 
-------------. 
-.-.-.-.-.-.-.-.-.-.-.---------------------- 
0.16# 
,...,....,..,..,..,..":" 
. ..,."7.I•••..• ~~~~~_~ 
~~~~~_~ 
~~_~~~~ 
__ 
~~~~~_ 
m16# 
~~~~.r'''''. ,...,...,...,...,...,...,...,...,...,...C".C".C".C".C".C".C".C".'"'.'"' 
...,..,..,..,..,..,..,..,..,..,..,..,..,..,..,..,..,..,..,..,..,..,..,..,..,..,..,..,..,...,..,...,..,...,..,...,..,...,..,...,..,...,..,...,...,. 


1016# 
HLOC[M/IOJ#====================================. 
11 =================================== 


HOSTMASTERSIGNALS 
elkl 
HADS# 
hrdyl# 
hordyo# 
. 
hrdyo# 
. 
hna# 
hkon# 
H8E£3:01# 
==.1111 .==;:;X'===============11 00 ~ __ 
~~~~~_~ 
~~ 
1101 
-= 
HWR#.HMIO#= 
11 ====.;;;:============================== 
01================================== 
hstreh# 
hlock# 


EISASIGNALS. 
msbrst# 
-----------. 
-.-.1 
slbrst# 
belk 
start# 
emd# 
exrdy 
nowsfI 
WR.MIO 
bolo 
lore# 
lowe# 
mrde# 
mwtc# 
ehrdy 
lock# 


DATAANDADDRESSCONTROLSIGNALS 
cpyup 
~. 


CPENI13.3:1]#.==::::;::::;::::;::::;::::;::::;::::;::::;::::;::::;::::;::::;::::;::::;::::;===1111===================================== 
SOOE[2:0J# = 100~::l""~_~ 
__ 
~~~~~~~~ 
__ 
~_111 
=============;;;;;;==============;;;;;;;;=~~ 
SOLEll:OJ# 
=============11 
==============c;:::;:============'00 
================c:::====11 = 
HDOEll:OJ# ==00 _::l_. 
~_11 
============;::;============== :00================:;;::===== 
11= 
HDLEI3:0J# =========== 
1111===========;::C::==0100====.;;;:=========0000==========:;;::======1111 
======== 
halaoo# 
lahaoo# 
lasaoe# 
solooe# 
halo# 
1010# 
salo# 
1 
I. 
. . . . . . . . . . . 
. .......•..... 
~ 
8EI3:0J# 
== 1111..==;:;X.================ 1100 ==============::;)c:::========= 
1101 
-= 
sbho# 
yl 
~~~~~~~ 
__ 
~~~~~_~ 
~~~~~_~ 
~~~~ 
__ 
SAil :OJ 
~~~ 
~~~~~_~ 
~~~ 
00======================================= 


inter 


RESET&: IsP INTERFACESIGNALS 
sn3:01 
==:::::;::::::;::;:;::;:;:::;:;::;:;:::;:;:;:::;:::::::;::::::;::::::;::;:;:::;:;:= 
OOOO~~~~~~~~~_~~~~~~ 
__ 
drdy 
"""'1..~~ 
~~~~~~~ 
~~~_~ 
__ 
~~~~~~_~~1r.."','"''''.-:.-:.-:.'"''l.~ 
spkrok 
rstorN 
rst 
rstcpu 
rs\385 


MASTERDECODESIGNALS 
hhlda 
-. -.-.-.-.-.-.-.-.-.-.-.-.-.------------------.-.-.-.-.-.-.-.-.-. 
------- 


exmstr# 
ms\r16N 
oms\16N 
rfrshN 


SLAVEDECODESIGNALS. 
ox32N 
..."••~~~~~~_~ 
__ 
~~~~~~_~ 
__ 
~~~~~~_~ 
__ 
~~~~~ 


ox16N 
---------------. 
-. -. -.-.-.-.-.-.-.-.-.-.-.-. 
-. -. -. -. -. -. -.-.-.-.-.-.-.-.-.-.------ 
m16N 
-.-.-. 
-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-. 
-.-.-.-.-.-.-.-----.-.-. 
-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-. 
-.-.-.-.-.-.-.-.- .. 


;016N 
HLOC[M:IOJ 


HOSTMASTERSIGNALS 
elkl 
HADsN 
hrdylN 
hordyoN 
hrdyoN 
hnaN 
hkonN 
HBE[3:0JN 
=~;X.;:;::;:;::;:;::;:;::;:;::;:;::;:;::= 
0000 ::;:;::;:;::;:;::;:;::;:;::;:;::;:;:::;:;:C:;:=====1111 
~ 
_ 
HWRN.HMION================================ 
11 ====================================:::; 
hstrehN 
------------------------------------ 
hloekN 
------------------------------------ 
HGT16MN 
...,,~~~~~ 
__ 
~ 
r._:_:_: 


EISASIGNALS 
msbrstll 
------------------------------------ 
slbrs\N 
------------------------------------ 
belk 
s\artN 
emdN 
oxrdy 
nows' 
WR. MIO 
bolo 
[oreN 
iowell 
mrdeN 
mw\eN 
ehrdy 
10ekN 


DATAAND ADDRESSCONTROLSIGNALS 
cpyup 
. 
CPEN[13.3: 1IN =:::::;::::::;:==:;:;:::;:;:::;:;::;:;:::;:;:;::==:::::;::::::;:==:;:;:::;:;: 
1111 =:::::;::::::;:==:;:;:::;:;::;:;::;:;::;:::;::==:::::;::::::;:==:;:;:::;:;::;:;:= 
sDoE[2:0IN 
:=============================== 
111 .=:::::;::::::;:==:;:;:::;:;:::;:;::;:;::;:::;::==:::::;::::::;:==:;:;:::;:;::;:;:= 
sDLE[1:OJN 
:==========::'11 
=:;:::;:::;::::;:;::;:;x:== 
00 ==::;:;:'c:;:======::;:;: 
11:===============;:; 
HDoEN 
==;:;::;:;::;:;::;:;::=11 
:;===========::;==============00==;:;::;:;::;:;::;:;::;:;::;:;::;X;:=11= 
HDLE[3:oJN 
::::==:;:;:::;:;:::;:;:= 
1111 :==========::'~:;:;:=OOOO':::;:;:=;::'========== 1111 ===================== 
halaooN 
lahaooN 
lasaooN 
solaoe# 
haloN 
laloN 
saloN 
BE[3:oIN 
sbhoN 
sA[1:0J 


inter 


RESET8<ISPINTERFACE 
SIGNALS. 
SH3:OJ 
==- 
0010::;:==;:;::;:::;:~=;:;::;:::;:==;:;::;:::;:==;:;::;:::;:===;:;:::;:::;:== 
1111 
drdy 
~~~~~~~~~~~~~~~~~~~~~~~~~_~~_~ 
spkrok 
------------------------------------------ 
rstar# 
------------------------------------------ 
rst 
rstcpu 
rsB8S 
MASTER 
DECODE 
SIGNALS 
hhldo 
------------------------------------------ 


8xmstr# 
------------------------------------------ 
mstrl6# 
------------------------------------------ 
emst16# 
------------------------------------------ 
drsh# 
------------------------------------------ 


SLAVEDECODE 
SIGNALS. 
e.32# 
------------------------------------------ 
e.16# 
m16# 
io16# 
HLOCIM/IOJ# 


HOSTMASTER 
SIGNALS 


elk1 
HADS# 
hrdyi# 
herdyo# 
hrdyo# 
hno# 
hken# 
H8EI3:0J# 
==X'===================== 
1110~~_~~~_~~~~~~~~_~~~ 
HWR#.HMIO#==X:'==================:;:01 
:;::;:::;:::;::::;:::;:::;:;;:;:;:;::;::;::;::;:::;;::;:::;::::;:::;:;:;;:;:;::;::;::;::;::;:::;;::;::::;:::;:; 
hstrch# 
------------------------------------------ 
hloek# 
------------------------------------------ 


EISASIGNALS. 
msbrst# 
------------------------------------------ 
slbrst# 
------------------------------------------ 
bclk 
~_~~ 
__ 
:---~ 
~---~~_~~..:----'_ 
:---~L 
stort# 
L.~~_~~_~~...r.,...,...,...:-:-.,...,...,...:-:-.,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,..., 


emd# 
,...,...,...,..,...:-:-.,...,..,...:-:-.,...,..,...:-:-.,...,..,...:-:-.,...,...,...:-:-.,.. 
"\1~~_~~_~~_~~~_~~ 
__ 
~~_~~_..Jr 


ex"rdy 
------------------------------------------ 
nows# 
------------------------------------------ 
WR.MIO 
========================01 
==================== 


bole 
------------------------------------------ 


iorcN 
------------------------------------------ 


iowell 
----------------- 
~ 
__ 
~ 
__ 
~ 
~-I 
-. ----- 


mrdc# 
------------------------------------------ 
mwtc# 
------------------------------------------ 
chrdy 
------------------------------------------ 
loek# 
------------------------------------------ 


DATAANDADDRESS 
CONTROL 
SIGNALS 


cpyup 
__ 
~~~__ 
. 
_I 
~ 
__ 
~~_~~_~~_~~~~~~~~~~~~~~~~~ 


CPENI13.3:1l#.===================:;:1111 
========================== 


SDOEI2:01#========================'111 
::::::;===================== 


SDLEl1:01# 
;:;:::;:::;:==;:;:::;;::;:==;:;:::;;::;:==;:=11 
==========x:::========OO---------.~C 
HDOEI1 
:OJ# ;:;:::;;::;:==;:;:::;;::;:==;:;:::;;::;:==;:=11 
==========X:::========OO 
G 


HDLE[3:0J# ;:;:::;;::;:==;:;:::;;::;:==;:;::;: 
1111;::;:::;:==;:;::;:::;:==;:;::;::::===;:;:::;;===;:;:::;;===;::;:011 
0=;:;::;:::;:==;:;::;:::;:==;:;::;::::====1111= 
holooe# 
lohooe# 
losooe# 
solooe# 
hole# 
lole# 
sole# 
8[(3:0J# 
=__ , 
1110====================== 
sbhe# 
r..,...,...,...,...,..,...,...,...,...,..,...:-:-.,...,...,...:-:-.,...,..,...:-:-.,...,...,...:-:-.,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,...,..., 
SAI1:OJ = 10==::::lC:===============:;:'OO:;:;::;:::;:===;:;:::;:==;:;:;:::;;==;:;:;:::;:==;:;:;:::;:==;:= 


RESET&: ISP INTERFACESIGNALS.. 
STi3:01 
~=""-"~~~~~~~~~~~~~~~OOOO 
~~~~~~~~~~~~~~~~~_ 
drdy 
~ 
••~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~. 
-. -. -.-.-.-.-L, 


spkrok 
-.-.-.-.-.-.-.-.-.--------.-.-.-.-. 
-. -. -. -. -. -. -. -. -.-.-.-.-.-.-.-.-.-.-. 
-. -. -. -. -. -. -. -.-.-.-.-.-.-.-.-.-.-. 
-. -. - 
rstar' 
------------------------------------ 
rsl 
rstcpu 
rsl38S 


MASTEROECODESIGNALS 
hhldo 
------------------------------------ 
8xmstrN 
------------------------------------ 


mstr16# 
--.-.-.-.-. 
-. -. -. -. -. -. -. -.-.-.-.-.-.-.-.-.-.-. 
-. ---------------------- 
emst16# 
------------------------------------ 


rfrsh# 
---.-.-.-. 
-. -. -. -. -. -. -. -.-.-.-.-.-.-.-.------------------------ 


SLAVE DECODESIGNALS 
ex32fJ 
-----.-.-. 
-. -. -. -. -. -. -. -.-.-.-.-----------.-.-.-.-.-. 
-. -. -. -. -. -. -.-.-.-.-.-.-.-.-.-.-.~L- 


e.16# 
.•....•...•. 


m16# 
-.-.-.-.-.-.-.-.-.-.-.-. 
-.-.-.-.-------.-. 
-.-.-.-.-.-.-.----------------- 


1016# 
HLOCiM/IOI# 


HOSTMASTERSIGNALS 
clk1 
HADS# 
hrdyl# 
herdyo# 
hrdyo# 
hno# 
hken# 
HBEi3:01#= 
~~.~~~~~~~~~OOOO 
~~~~~~~~~~~~~~~~~~1111_~~~~ 


HWR#, HMIO# :0 1:~:>::::=:::::::::==:;::;:===:::::::::===::::::=::::::=========11============================== 
hstrch# 
------------------------------------ 
h lac k # 
.,...,...,....,..,....,..,..,..,..,:-:-,....,..,....,...,...,..,...,...,....,..,....,..,..,..,..,,...,..,...,..,....,...,...,..,...,..,...,..,....,..,....,..,..,..,..,:-:-,....,..,....,...,...,..,...,.,...,..,....,..,....,..,..,,...,..:-:---;--: 


HGT16t.4# 
--------------.-.-. 
-. -. -. -. -. -.-.-.-.-.-.-.-.-------------. 
-.~ 


EISA SIGNALS 
msbrst# 
------------------------------------ 


slbrst# 
------------------------------------ 
bclk 
stort# 
cmd# 
exrdy 
nows# 
WR, MIO 
bole 
lorcH 
lowell 
mrdc# 
mwtc# 
chrdy 
lock# 


DATAAND ADDRESSCONTROLSIGNALS 
cpyup 
~I~~~~~~~~ 
__ 
i . 


CPENi13,3: 11#:::::::===::::::==::::::==:;::;::;:===::::::===:::::::::=::::::== 1111 ;::============================;:; 
SDO[[2:01# 
=:::::::::=::::::===:;::;:===:::::::::===:::::::::=::::::===:;:== 
111 :;=::::::===:;:==::::::::::::===:::::::::=::::::==:;::;:===::::::==::;::: 
SDLEi1:01# 
==::::::=:::::::::==:;::;:= 11=:::===:;:====::::::=::;=== 00 :==IC'============ 
11 :===::::::===:::::::::=::::::=;:: 
HDOEi1:OJ# 
========== 
11=:::========:::::::::::;=:::::::::=::::::======= 
00 =:::===::::::=:::::::::=====:::=== 
11= 


HDLEi3:0J# 
=========== 
1111 :=======::::::==::;c::= 
0000 :;::::::::::;.===:::::::::=:::=======1111 =:::::::::=:::========::: 
holooe# 
lohooe# 
losooe# 
solooe# 
hole# 
lole# 
sole# 
.,.·.,.·.,.·.,.·..,·..,·..,·-,IL.....~~_~~~~~~~~..J,· 


BEi3:01# 
=:::::::;;.==:::::::::=:::========::::::0000 :;::::::=:::=========::::::::::X=:::::::)::::::::::========::::::1111 
======== 


sbhe# 
SA11:01 


inter 


Name 
Type 
Pin 
Description 


Host Bus Signals (23 Pins) 


HCLKCPU 
I 
89 
Host CPU Clock 
HADSO# 
I 
72 
Host Address 
Status 
HADS1# 
I 
128 
Host Address 
Status 
HBE3# 
B 
118 
Host Byte Enables 
HBE(2:0)# 
B 
120:122 
Host Byte Enables 
HNA# 
0 
106 
Host Next Address 
HD/C# 
B 
108 
Host Data or Code 
HM/IO# 
B 
109 
Host Memory or I/O 
HW/R# 
B 
110 
Host Write or READ 
HLOCMEM# 
I 
102 
Host Local Memory (MB DRAM) 
HLOCIO# 
I 
103 
Host Local 1/0 (387) 
HSTRETCH# 
I 
104 
Host Bus Stretch 
(BCLK) 
HRDYI# 
I 
127 
Host Bus Ready Input 
HRDYO# 
0 
112 
Host Bus Ready Output 
HERDYO# 
0 
114 
Host Bus Early Ready Output 
HHOLD 
0 
115 
Host Hold Request 
HHLDA 
I 
129 
Host Acknowledge 
HLOCK# 
I 
130 
Host Bus Lock 
HSSTRB# 
0 
116 
Host Snoop Strobe 
HKEN# 
I 
126 
Host Cache Enable 
HGT16M# 
I 
131 
Host Greater than 16 Megabytes 


EISA EBC Signals (14 Pins) 


BE(3:0)# 
B 
63:60 
Bytes Enables 
M-IO 
B 
73 
Memory or 1/0 Cycle 
W-R 
B 
64 
Write or Read Cycle 
START # 
B 
31 
Start of EISA Cycle 
CMD# 
0 
41 
Command 
MSBURST# 
B 
58 
Master Burst 
SLBURST# 
I 
57 
Slave Burst 
EX32# 
BC 
56 
EISA 32-Bit Slave Size 
EX16# 
BC 
55 
EISA 16-Bit Slave Size 
EXRDY 
BC 
53 
EISA Ready 
LOCK# 
0 
36 
Locked Cycle 


ISA EBC Signals (17 Pins) 


BALE 
0 
39 
Bus Address 
Latch Enable 
MASTER16# 
I 
66 
16-Bit Master (EISA or ISA) 
BCLK 
0 
86 
Bus Clock 
10RC# 
B 
52 
1/0 Read Control Strobe 
10WC# 
B 
50 
1/0 Write Control Strobe 
1016# 
BC 
49 
16-Bit 1/0 Slave Size 
MRDC# 
B 
48 
Memory Read Control Strobe (under 16 MEG) 
MWTC# 
B 
47 
Memory Write Control Strobe (under 16 MEG) 
M16# 
I 
46 
16-Bit Memory Slave Size 
SMRDC# 
0 
38 
Standard 
Memory Read Control Strobe (under 1 MEG) 


Name 
= Pin Name, 
Type 
= I-Input, 
a-Output, 
B-Input/Output 
BC-Input/Output 
Open 
Collector, 
NC-No 
Connect, 
V-Power 
Pin = Pin Location 


Name 
Type 
Pin 
Description 


ISA EBC Signals (17 Pins) (Continued) 


SMWTC# 
0 
37 
Standard 
Memory Write Control Strobe (under 1 MEG) 
CHRDY 
BC 
65 
Channel 
Ready 
NOWS# 
I 
32 
Zero Wait States 
SA(1:0) 
B 
44,43 
System A 1 & AO 
SBHE# 
B 
42 
System Byte High Enable 
REFRESH# 
I 
33 
Refresh Cycle 


ISP EBC Signals (9 Pins) 


DHOLD 
I 
105 
ISP Hold Request 
DRDY 
B 
77 
ISP Ready 
GT1M# 
I 
71 
Greater than 1 Megabyte 
ST(3:0) 
B 
82:79 
DMA Status (8-, 16-,32-Bit 
Device & Type 


. 
A,B,Burst(C) 
& Compatible 
Timings) 
EXMASTER# 
I 
70 
EISA Master 
EMSTR16# 
I 
69 
Early Indication 
of 16-Bit ISA Master 


Data Buffer Control 
(All Signals are Outputs) 
(16 Pins) 


SDCPYEN01# 
0 
4 
Copy Enable between 
Bytes 0 and 1 
SDCPYEN02# 
0 
5 
Copy Enable between 
Bytes 0 and 2 
SDCPYEN03# 
0 
6 
Copy Enable between 
Bytes 0 and 3 
SDCPYEN13# 
0 
7 
Copy Enable between 
Bytes 1 and 3 
SDCPYUP 
0 
8 
Copy Up (Low Byte to High Byte) 
SDHDLE(3:0)# 
0 
10:13 
System (EISA) Data to Host Data 
Latch Enables 
SDOE(2:0)# 
0 
14,16,17 
System (EISA) Data Output Enable 
HDSDLE1# 
0 
18 
Host Data to (EISA) Data Latch Enable 
HDOE(1:0)# 
0 
20,22 
Host Data Output Enable 


Address 
Buffer Control 
(7 Pins) 


HALAOE# 
0 
23 
Host Address to EISA LA Output Enable 
HALE# 
0 
24 
Host Address 
Latch Enable 
LASAOE# 
0 
25 
EISA LA to EISA SA Output Enable 
LAHAOE# 
0 
26 
EISA LA to Host Address 
Output Enable 
LALE# 
0 
28 
LA Latch Enable 
SALAOE# 
0 
29 
EISA SA to EISA LA Output Enable 
SALE# 
0 
30 
SA Latch Enable 


inter 


Name 
Type 
Pin 
Description 


Reset Signals (5 Pins) 


SPWROK 
I 
101 
Synchronous 
Power OK 
RST 
0 
90 
System Reset 
RSTAR# 
I 
98 
Restart 
RSTCPU 
0 
93 
Reset CPU Only 
RST385 
0 
91 
Reset 385 Only 


Configuration 
Signals (5 Pins) 


CPU(3:0) 
I 
97:94 
CPU Type and Frequency 
Indicator 
RDE# 
I 
111 
1 ClK1 
HERDYO# 
& HRDYO# 
Delay for Host to EISA Reads 


Miscellaneous 
Signals (7 Pins) 


ClKKB 
0 
75 
Keyboard 
Controller 
Clock 
L10WAIT# 
I 
3 
long 
Wait between 
I/O Cycles 
AENlE# 
0 
76 
AEN latch 
Enable 
TEST1# 
I 
2 
Tri State All Outputs of the EBC 
BClKIN 
I 
83 
For BClK 
Delays 
Reserved 
0 
19 
NC 
Reserved 
I 
123 
Tie High 
Reserved 
I 
124 
Tie low 


VCC and GND Signals (29 Pins) 


, 


VCC 
V 
9,15,21,34,40,54,67,74,85,87,92,99,107,119,132 
VSS 
V 
1,27,35,45,51,59,68,78,84,88,100,113,117,125 


Total of 103 Control Pins and 29 Power Pins 


~-.L r 
DevicePinout-132-LeadPQFP 


Pin 
Name 
Type 


1 VSS 
V 


2 TEST1# 
I 
3 L10WAIT# 
I 


4 SDCPYEN01# 
0 


5 SDCPYEN02# 
0 
6 SDCPYEN03# 
0 


7 SDCPYEN13# 
0 
8 SDCPYUP 
0 
9 VCC 
V 
10 SDHDLE3# 
0 


11 SDHDLE2# 
0 


12 SDHDLE1# 
0 


13 SDHDLEO# 
0 


14 SDOE2# 
0 


15 VCC 
V 


16 SDOE1# 
0 


17 SDOEO# 
0 
18 HDSDLE1# 
0 
19 RESERVED 
20 HDOE1 # 
0 


21 VCC 
V 


22 HDOEO# 
0 


23 HALAOE# 
0 


24 HALE# 
0 
25 LASAOE# 
0 


26 LAHAOE# 
0 


27 VSS 
V 
28 LALE# 
0 


29 SALAOE# 
0 
30 SALE# 
0 


31 START# 
I/O 


32 NOWS# 
I 
33 REFRESH# 
I 


Pin 
Name 
Type 


34 VCC 
V 
35 VSS 
V 
36 LOCK# 
0 
37 SMWTC# 
0 
38 SMRDC# 
0 
39 BALE 
0 
40 VCC 
V 
41 CMD# 
0 
42 SBHE# 
I/O 
43 SAO 
I/O 
44 SA1 
I/O 
45 VSS 
V 
46 M16# 
I 
47 MWTC# 
I/O 
48 MRDC# 
I/O 
49 1016# 
I/OOC 
50 10WC# 
I/O 
51 VSS 
V 
52 10RC# 
I/O 
53 EXRDY 
I/ooe 
54 VCC 
V 
55 EX16# 
I/ooe 
56 EX32# 
I/ooe 
57 SLBURST# 
I 
58 MSBURST# 
I/O 
59 VSS 
V 
60 BEO# 
I/O 
61 BE1# 
I/O 
62 BE2# 
I/O 
63 BE3# 
I/O 
64 W-R 
I/O 
65 CHRDY 
I/ooe 
66 MASTER16# 
I 


Pin 
Name 
Type 


67 VCC 
V 
68 VSS 
V 
69 EMSTR16# 
I 
70 EXMASTER# 
I 
71 GTIM# 
I 
72 HADSO# 
I 
73 M-IO 
I/O 
74 VCC 
V 
75 CLKKB 
0 
76 AENLE# 
0 
77 DRDY 
I/O 
78 VSS 
V 
79 STO 
I/O 
80 ST1 
I/O 
81 ST2 
I/O 
82 ST3 
I/O 
83 BCLKIN 
I 
84 VSS 
V 
85 VCC 
V 
86 BCLK 
0 
87 VCC 
V 
88 VSS 
V 
89 HCLKCPU 
I 
90 RST 
0 
91 RST385 
0 
92 VCC 
V 
93 RSTCPU 
0 
94 CPUO 
I 


95 CPU1 
I 
96 CPU2 
I 
97 CPU3 
I 
98 RSTAR# 
I 
99 VCC 
V 


Pin 
Name 
Type 


100 VSS 
V 


101 SPWROK 
I 


102 HLOCMEM# 
I 


103 HLOCIO# 
I 
104 HSTRETCH# 
I 


105 DHOLD 
I 


106 HNA# 
0 
107 VCC 
V 


108 HD/C# 
I/O 
109 HM/IO# 
I/O 


110 HW/R# 
I/O 
111 RDE# 
I 


112 HRDYO# 
0 
113 VSS 
V 


114 HERDYO# 
0 


115 HHOLD 
0 


116 HSSTRB# 
0 


117 VSS 
V 


118 HBE3# 
I/O 
119 VCC 
V 


120 HBE2# 
I/O 
121 HBE1# 
I/O 
122 HBEO# 
I/O 


123 RESERVED 
124 RESERVED 
125 VSS 
V 


126 HKEN# 
I 


127 HRDYI# 
I 


128 HADS1# 
I 


129 HHLDA 
I 


130 HLOCK# 
I 


131 HGT16M# 
I 


132 VCC 
V 


• 


inter 


VSS 
TEST1# 
L10WAIT# 
SOCPYEN01# 
SOCPYEN02# 
SOCPYEN03# 
SOCPYEN13# 
SOCPYUP 
VCC 
SOHOLE3# 
SOHOLE2# 
SOHOLE1# 
SOHOLEO# 
SOOE2# 
VCC 
SOOE1# 
SOOEO# 
HOSOLE1# 
RESERVED 
HOOE1# 
VCC 
HOOEO# 
HALAOE# 
HALE# 
LASAOE# 
LAHAOE# 
VSS 
LALE# 
SALAOE# 
SALE# 
START# 
NOWS# 
REFRESH# 


VCC 
RSTAR# 
CPU3 
CPU2 
CPUl 
CPUO 
RSTCPU 
VCC 
RST385 
RST 
HCLKCPU 
VSS 
VCC 
BCLK 
VCC 
VSS 
BCLKIN 
ST3 
ST2 
ST1 
STO 
VSS 
OROY 
AENLE# 
CLKKB 
VCC 
1.1-10 
HAOSO# 
GT1M# 
EXMASTER# 
EMSTR16# 
VSS 
VCC 


inter 


5.1 
Maximum Ratings 


Case Temperature 
Under Bias 
- 65°C to + 110°C 


Storage Temperature 
- 65°C to + 150°C 


Supply Voltages 
with 
Respect 
to Ground 
-0.5V 
to VCC +6.5V 


Voltage on any Pin 
-0.5V 
to VCC +0.5V 


NOTICE: This data sheet contains 
preliminary infor- 
mation on new products in production. The specifica- 
tions are subject to change without notice. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings 
only. Operation 
beyond 
the 


"Operating 
Conditions" 
is not recommende.d and ex- 
tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


5.2 
D.C. Specifications 
for the EISA Bus Controller 
(EBC) 
TCASE =. O°C to + 70°C, VCC = 5V ±5% 


Symbol 
Parameter 
Min 
Max 
Units 
Conditions 


VIL 
Input Low Voltage 
-0.5 
0.8 
V 


VIH 
Input High Voltage 
2.0 
VCC + 0.5 
V 


VIHC 
Input High Voltage 
3.0 
VCC + 0.5 
V 
For HCLKCPU 


VOLC 
BCLK Output Low 
0.4 
V 
10L = 24 mA 


VOHC 
BCLK Output High 
VCC - 
0.5 
V 
10H = -4mA 


VOL1 
Output Low Voltage 
0.45 
V 
10L = 5 mA(1) 


VOH1 
Output High Voltage 
2.4 
V 
10H = -1 
mA(1) 


VOL2 
Output Low Voltage 
0.45 
V 
10L = 24 mA(1) 


VOH2 
Output High Voltage 
2.4 
V 
10H = -4 
mA(1) 


VOL3 
Output Low Voltage 
0.45 
V 
10L = 5 mA(1) 


VOH3 
Output High Voltage 
2.4 
V 
10H = -250 
fLA(1) 


ILl1 
Input Leakage 
±15 
fLA 
OV < Vin < VCC 


ILO 
Output Leakage 
±15 
fLA 
0.45 < Vin < VCC 


ICC 
VCC Supply Current 
200 
mA 
HCLK = 66 MHz 


Cap 
Cap. In, Out, I/O 
20 
pF 
@1 MHz(2) 


CCLK 
BCLKCap. 
20 
pF 
@1 MHz(2) 


NOTES: 
1. VOL2 and VOH2 apply only to the signals that directly drive the EISA bus and are not slot specific. These are: 
BE<3:0>#, 
M-IO, W-R, START#, 
CMD# 
MSBURST#, 
EX32#, 
EX16#, 
EXRDY, LOCK#, 
BALE, 10RC#, 10WC#, 


1016#, MRDC#, MWTC#, SMRDC#, SMWTC#, CHRDY, SA<1:0>, 
SBHE#. 
VOL3 and VOH3 apply only to the signals that do not drive onto buses in the system. These are: 
ST<3:0>, 
SDCPYENx#, 
SDCPYUP, SDHDLE<3:0>#, 
SDOE<2:0>#, 
HDSDLE1#, 
HDOE<1:0>#, 
HALAOE#, 
HALE#,LASAOE#,LAHAOE#,LALE#,SALAOE#,SALE#,RSTCPU,RST385,CLKKB,AENLE#. 
All other outputs use VOU and VOH1. 
2. Sampled only. 


int_r 


A.C. Specifications 
for the EISA Bus Controller 
(EBC) 
TCASE = O°C to + 70°C, VCC = 5V ±5%, 
Tambient = O°C to +55°C 


Symbol 
Parameter 
25 MHz 
33 MHz 
Units 
Notes 
Min 
Max 
Min 
Max 


Host Interface 
Signals 


HCLKCPU 


t1 
Period (2x Mode) 
20 
15 
ns 
386 Only 
t1a 
High, Low Time (2x Mode) 
8 
6.25 
ns 
386 Only 


t1 b 
Period (1x Mode) 
40 
30 
ns 
i486 only 


t1c 
High, Low Time (1x Mode) 
16 
13 
ns 
i486 Only 


t1d 
Rise, Fall Time 
4 
3 
ns 
60 
t1 e 
Duty Cycle 
16/40 
NA 
67 


HKEN# 


t2 
Setup Time 
20 
15 
ns 
i486 Only, 7c 
t2a 
Hold Time 
1 CLK1 
1 CLK1 
ns 
i486 Only, 7c 


HADSO# 
t3 
Setup Time 
17 
12 
ns 
H,7 


t3a 
Hold Time 
3 
3 
ns 
H,7 


HADS1# 
t4 
Setup Time 
17 
10.5 
ns 
H,7 


t4a 
Hold Time 
3 
3 
ns 
H,7 


HBE<3:0> 
# 
t5 
Setup Time 
12 
10 
ns 
H,2,7,41 
t5a 
Hold Time 
1 CLK1 
1 CLK1 
ns 
H,2,7,41 
t5b 
Propagation 
Delay 
25 
25 
ns 
D, E, I, R 
from BE <3:0> 
# or 
SA<1:0>, 
SBHE 


HNA# 


t6 
Active Edge Valid Delay 
3 
20 
3 
16 
ns 
H,7 


t6a 
Float Delay 
20 
15 
ns 
H, 7, 60 


t6b 
Inactive Edge Valid Delay 
20 
20 
ns 
H,7 


HD/C#, 
HW/R#, 
HMIIO# 


t7 
Setup Time 
10 
6 
ns 
H,51 


t7a 
Hold Time 
4 
2 
ns 
H,51 


HD/C#, 
HM/IO# 
t8 
Float Delay from HHLDA 
25 
25 
ns 
60 


HW/R# 


t9 
Propagation 
Delay 
30 
30 
ns 
E 
fromW-R 


t9a 
Propagation 
Delay from 
40 
40 
ns 
1,33 


IOWC#, 
MWTC# 
t9b 
Setup Time 
20 
20 
ns 
D,R,5a 


Symbol 
Parameter 
25 MHz 
33 MHz 
Units 
Notes 
Min 
Max 
Min 
Max 


Host Interface 
Signals (Continued) 


HLOCMEM#, 
HLOCIO# 
t10 
Setup Time 
24 
21 
ns 
H, 2, 7 
t10a 
Hold Time 
2 
2 
ns 
H,2,7 
t10b 
Setup Time 
40 
40 
ns 
D, E, 5, 34 
t10c 
Hold Time 
15 
15 
ns 
D, E,6 


HSTRETCH# 
t11 
Setup Time 
20 
15 
ns 
HS, 3, 7, 59 
t11 a 
Hold Time 
5 
5 
ns 
HS, 3, 7, 59 


HRDYI# 
t12 
Setup Time 
20 
16.5 
ns 
H,7 


t12a 
Hold Time 
3.5 
3.5 
ns 
H,7 


HERDYO#, 
HRDYO# 
t13 
Valid Delay 
2 
21 
2 
21 
ns 
H,7 
t13a 
HRDYO# 
Float Delay(1) 
20 
15 
ns 
H,7,60 


HHOLD 
t14 
Valid Delay 
2 
22 
2 
17 
ns 
7 


HHLDA 
t15 
Setup Time 
12 
10 
ns 
7 


HLOCK# 
t16 
Setup Time 
10 
7 
ns 
H,7 


t16a 
Hold Time 
4.5 
4.5 
ns 
H,7 


HSSTRB# 
t17 
Valid Delay 
4 
23 
4 
23 
ns 
A, 7, 10 


HGT16M# 
t18 
Setup Time 
60 
60 
ns 
D, 5, 36 
t18a 
Hold Time 
60 
60 
ns 
D, 5, 36 


EISA Bus Interface 
Signals 


BE<3:0> 
# 
t19 
Valid Delay 
1 
75 
1 
75 
ns 
H, DA,6 
t19a 
Valid Delay 
1 
50 
1 
50 
ns 
DA,5 
t19b 
Setup Time 
25 
25 
ns 
D,E,6a 
t19c 
Hold Time 
1/2 BCLK 
1/2 BCLK 
D, E, 5, 36 
t19d 
Propagation 
Delay 
60 
60 
ns 
I 
from SA<1:0>, 
SBHE# 
t1ge 
Setup Time (Burst) 
30 
30 
ns 
D,E,6 
t19f 
Hold Time (Burst) 
2 
2 
ns 
D,E,6 
t19g 
Propagation 
Delay 
50 
40 
ns 
H, i486 only, 31 
from HKEN# 
t19h 
Propagation 
Delay 
40 
30 
ns 
H 
from HBE# 


NOTE: 
1. HERDYO# does not tristate. 


• 


6.0 A.C. SPECIFICATIONS 
(Continued) 


A.C. Specifications 
for the EISA Bus Controller 
(EBC) (Continued) 


Symbol 
Parameter 
25 MHz 
33 MHz 
Units 
Notes 
Min 
Max 
Min 
Max 


EISA Bus Interface 
Signals (Continued) 


M-IO 
t20 
Propagation 
Delay 
40 
40 
ns 
1,12 
from IORC#, 
IOWC# 
t20a 
Setup Time 
80 
80 
ns 
E,5,36 
t20b 
Hold time 
% BCLK 
% BCLK 
ns 
E,5,36 


W-R 
t21 
Propagation 
Delay 
60 
60 
ns 
I 
from IOWC#, 
MWTC# 
t21a 
Propagation 
Delay 
50 
50 
ns 
D,H,68 
from HW/R# 
t21b 
Valid Delay 
1 
50 
1 
50 
ns 
D,H,6 
t21c 
Setup Time 
25 
25 
ns 
E,6 
t21d 
Hold Time 
% BCLK 
% BCLK 
ns 
E,5,36 


START # 


t22 
Valid Delay from BCLK Rising 
1 
30 
1 
30 
ns 
AS, D, H, I, R, 5 
t22a 
Valid Delay from HCLK CPU 
1 
32 
1 
32 
ns 
7a 
t22b 
Pulse Width 
Tper-5 
Tper-5 
ns 
t22c 
Setup Time 
25 
25 
ns 
E,6 
t22d 
Hold Time 
0 
0 
ns 
E,5 


CMD# 
t23 
Valid Delay 
1 
30 
1 
30 
ns 
D, E, H, R 5, 6, 62 
t23a 
Prop Delay from ISA CMD 
0 
30 
0 
30 
ns 
1,61 
t23b 
Pulse Width (Standard) 
Tper-5 
Tper-5 
ns 


MSBURST# 
124 
Valid Delay 
1 
35 
1 
35 
ns 
D,6 
t24a 
Setup Time 
15 
15 
ns 
E,5 
t24b 
Hold Time 
1 CLK1 + 5 
1CLK1+15 
ns 
E,5 


SLBURST# 
t25 
Setup Time 
15 
15 
ns 
D,5 


t25a 
Hold Time 
25 
25 
ns 
D,5 


EX32#, 
EX16# 
t26 
Valid Delay 
1 
35 
1 
35 
ns 
E, AS, 6, 31 
t26a 
Float Delay 
19 
19 
ns 
E, AS, 6, 31a, 60 
t26b 
Propagation 
Delay 
30 
30 
ns 
D,E,31,8 
from HLOCMEM#/HLOCIO# 
t26c 
Float Delay from 
18.5 
18.5 
ns 
D,E,31a,60,8 
HLOCMEM#/HLOCIO# 
Inactive 
t26d 
Setup Time 
25 
25 
ns 
D,E,H,5,36 
t26e 
Hold Time 
55 
55 
ns 
D, E, H, 5, 36 


EXRDY 
t27 
Valid Delay 
1 
35 
1 
35 
ns 
D1,5 


t27a 
Setup Time 
15 
15 
ns 
A,6 
t27b 
Hold Time 
3 
3 
ns 
A,6 
t27c 
Float Delay 
30 
30 
ns 
D1, 6, 60 


LOCK# 
t28 
Valid Delay 
1 
24 
1 
24 
ns 
H, 50, 5A 


BALE 
t29 
Valid Delay 
1 
20 
1 
20 
ns 
E, H, 5, 6,15 


Symbol 
Parameter 
25 MHz 
33 MHz 
Units 
Notes 
Min 
Max 
Min 
Max 


EISA Bus Interface 
Signals (Continued) 


MASTER16# 
t30 
Setup Time 
20 
20 
ns 
E,5 
t30a 
Hold Time 
0 
0 
ns 
E,5 


BCLK 
t31 
Valid Delay 
1 
15 
1 
15 
ns 
7b 
t31a 
High, Low Time 
55 
55 
ns 
t31b 
Rise, Fall Time 
5 
5 
ns 
60 


10RC#,IOWC#, 
MRDC# 
and MWTC# 
D,E,H,R 
t32 
Valid Delay 
3.5 
30 
3.5 
30 
ns 
5,6,16 


SMRDC#, 
SMWTC# 
t33 
Propagation 
Delay 
40 
40 
ns 
A,31 
from MRDC#, 
MWTC# 
t33a 
Propagation 
Delay 
40 
40 
ns 
1,31a 
from GT1 M # Inactive 
Edge 


M16# 
t34 
Setup Time 
18 
18 
ns 
D,E,H,5 
t34a 
Hold Time 
25 
25 
ns 
D,E,H,5 


1016# 
t35 
Setup Time 
20 
20 
ns 
E,H,6 
t35a 
Hold Time 
20 
20 
ns 
E,H,6 
t35b 
Propagation 
Delay 
70 
70 
ns 
I 
from HLOCIO# 


CHRDY 
t36 
Propagation 
Delay 
60 
60 
ns 
1,19 
from ISA Command 
t36a 
Float Delay 
30 
30 
ns 
1,6,19,60 
t36b 
Input Pulse Width 
10 
10 
ns 
t36c 
Inactive Setup Time 
10 
10 
ns 
A,6 
t36d 
Active Setup Time 
10 
10 
ns 
A,5 


NOWS# 
t37 
Setup Time 
10 
10 
ns 
E,I, H, 6 
t37a 
Hold Time 
20 
20 
ns 
A,6 
t37b 
Setup Time 
35 
35 
ns 
0,6 


SA<1:0>, 
SBHE# 
t38 
Propagation 
Delay 
45 
45 
ns 
H,30,64 
from BE<> 
# 
t38a 
Valid Delay 
33 
33 
ns 
DA, E, H, 6, 30, 65 


REFRESH# 
t39 
Setup Time 
15 
15 
ns 
0,5,20 
t39a 
Hold Time 
0 
0 
ns 
0,5,20 


info _ r 
fOl[i5HC1n nrMlnr.-.n 
'" rDlW7 


A.C. Specifications 
for the EISA Bus Controller 
(EBC) (Continued) 


Symbol 
Parameter 
25 MHz 
33 MHz 
Units 
Notes 
Min 
Max 
Min 
Max 


ISP Interface 
Signals 


ST<3:0> 


t42 
STO Valid Delay 
1 
23 
1 
23 
ns 
H,7 


t42a 
STO Prop Delay from START # 
25 
25 
ns 
E,40 
t42c 
ST2 Propagation 
Delay 
40 
40 
ns 
H 
from HD/C#, 
HM/IO#, 
HW/R# 
t42d 
ST2 Valid Delay (Pipelined) 
1 
40 
1 
40 
ns 
H, 6, 21 


EXMASTER# 
t43 
Setup Time 
15 
15 
ns 
5 


EMSTR16# 
t44 
Setup Time 
15 
15 
ns 
5 


Data Buffer Control Signals(69) 


SDCPYEN01#,SDCPYEN02# 
SDCPYEN03#,SDCPYEN013# 
D,E,H,I,W 
t45 
Valid Delay Leading Edge 
3 
26 
3 
26 
ns 
6,49,66 
t45a 
Prop Delay from 1016 # 
25 
25 
ns 
14 
t45b 
Valid Delay Trailing Edge 
1 
25 
1 
25 
ns 
B,D,E,5,53 
t45c 
Valid Delay Leading Edge 
1 
15 
1 
15 
ns 
B, D, E, 6, 53 
t45d 
Valid Delay 
21 
21 
ns 
5,63,31 
t45e 
SCPYUP Setup to SDCPYEN01 
# 
1 
1 
ns 
63 


SDCPYUP 
D, E, H,I 
t46 
Valid Delay 
1 
25 
1 
25 
ns 
5,6,49,54 


SDHDLE <3:0> 
# 
t47 
Valid Delay 
3 
25 
3 
25 
ns 
5,6 
t47a 
Negated 
Before 
-2 
-2 
ns 
H,AS,9 
CMD# 
Negated 
47b 
Negated 
Before 
2 
2 
ns 
H,AS,9 
SDCPYEN < > # Negated 
47c 
Prop Delay from 
MWTC# 
IIOWC# 
25 
25 
ns 
I 


SDOE<2:0> 
# 
t48 
Valid Delay 
3 
15 
3 
15 
ns 
5,6,45 
t48a 
Valid Delay 
8 
42 
8 
42 
ns 
5,42,31 
t48b 
Valid Delay 
1 
25 
1 
25 
ns 
6,46 
t48c 
Prop Delay from 
54 
54 
ns 
1,31 


10RC# IMRDC# 
t48d 
Valid Delay 
1 
30 
1 
30 
ns 
5, HS, 31 


HDSDLE1# 
t49 
Valid Delay 
3 
15 
3 
15 
ns 
5,6 
t49a 
Valid Delay 
1 
25 
1 
25 
ns 
H,7 


t49b 
Prop Delay from Active Edge 
MRDC# 
IIORC# 
30 
30 
ns 
1,31 


HDOE<1:0> 
# 
t50 
Valid Delay 
4 
25 
4 
25 
ns 
5,6,7 


t50a 
Prop Delay from 
25 
25 
ns 
I 
MWTC#/IOWC# 


6.0 A.C. SPECIFICATIONS 
(Continued) 


A.C. Specifications 
for the EISA Bus Controller 
(EBC) (Continued) 


Symbol 
Parameter 
25 MHz 
33 MHz 
Units 
Notes 
Min 
Max 
Min 
Max 


Address 
Buffer Control 
Signals 


HALAOE# 
t51 
Propagation 
Delay 
35 
35 
ns 
A,47 


LASAOE# 
t52 
Propagation 
Delay 
35 
35 
ns 
A,47 


LAHAOE# 
t53 
Propagation 
Delay 
35 
35 
ns 
A,47 


LALE# 
t54 
Valid Delay 
1 
30 
1 
30 
ns 
A,5,6,55 


SALAOE# 
t55 
Propagation 
Delay 
35 
35 
ns 
A,47 


SALE# 
t56 
Valid Delay 
1 
15 
1 
15 
ns 
A,5,6,56 
t56a 
Valid Delay 
1 
38 
1 
38 
ns 
5,57 


Miscellaneous 
Signals 


SPWROK 
t57 
Setup Time 
7 
7 
ns 
7, 11 
t57a 
Hold Time 
2 
2 
ns 
7, 11 


RST 
t58 
Valid Delay 
1 
21 
1 
21 
ns 
7 


RSTCPU, RST385 
t59 
Valid Delay 
2 
21 
2 
21 
ns 
7,25 


CLKKB 
t60 
Period 
90 
120 
90 
120 
ns 
t60a 
High, Low Time 
25 
80 
25 
80 
ns 
t60b 
Valid Delay 
1 
40 
1 
40 
ns 
7b 
t60c 
Rise, Fall Time 
10 
10 
ns 
60 


L10WAIT# 
t61 
Setup Time 
35 
35 
ns 
5,23 
t61a 
Hold Time 
2 
2 
ns 
5 


AENLE# 
t62 
Valid Delay 
1 
30 
1 
30 
ns 
H, E, I, 0,6 


NOTES: 
A. All cases 
AS. Assembly 
cycle 
B. Burst Read cycle 
D. DMA cycle 
D1. Burst DMA write cycle 
DA. EISA master 
or DMA disassembly 
cycle 
E. EISA master 
cycle 
H. Host cycle 
HS. Host slave 
I. ISA master 
cycle 
R. Refresh 
cycle 
W. Write cycle 
ISA CMD 
= MRDC#, 
MWTC#, 
IORC# 
or IOWC# 


•• 


NOTES: 
(Continued) 
2. 1 CLK1 
period 
after HADS# 
sampled 
active 
by the EBC on internal 
CLK1 falling 
edge. 


3. Setup 
to CLK1 where 
BCLK would 
go high at end of CMD. 
5. Referenced 
to BCLK rising edge 
5a. Referenced 
to BCLK rising edge at START # active. 
6. Referenced 
to BCLK falling 
edge 
6a. Referenced 
to BCLK falling 
edge at START # active. 
7. Referenced 
to HCLKCPU. 
386 systems: 
HCLKCPU 
= rising edge of 386 CLK2. 486 systems: 
HCLKCPU 
= rising edge of 
486 CLK1. 
7a. When 
there 
is no BCLK 
edge 
present 
(due to stretching), 
HCLKCPU 
rising 
edge 
is used 
as the 
reference 
point. 
The 
trailing 
edge of START # is always 
referenced 
to BCLK rising edge. 
7b. Referenced 
to HCLKCPU: 
rising edge for even divisors, 
both rising and falling 
edges for odd divisors. 
7c. Referenced 
to HCLKCPU 
rising at START# 
active. 
8. Applicable 
to EX32# 
only. 
9. Read Cycle only. 
10. HSSTRB# 
min delay assumes 
a 35 pF minimum 
load. 
11. SPWROK 
is sampled 
asynchronously 
in i486 CPU based 
systems. 
12. M-IO# 
is driven 
by EBB except 
in ISA master 
case. 
14. Valid for all master 
cycles 
during 
1/0 reads only. 
15. BALE = START # & BCLK low. For the normal 
case, 
BALE 
is a delay from 
BCLK falling 
edge during 
START #. For the 
BCLK 
stretching 
case, 
BALE 
is a delay 
from 
either 
START # or BCLK falling, 
whichever 
is worse. 
In either 
case, 
BALE 
is 
guaranteed 
to be valid 20 ns from the middle 
of START # . 


16. 10RC# 
and 10WC# 
leading 
edge is generated 
from 
BCLK falling 
edge. 
MRDC# 
and MWTC# 
leading 
edge 
is generat- 
ed from 
BCLK 
rising for 16 bit case, 
and from 
BCLK falling 
for 8 bit case. 
The trailing 
edge 
of these 
signals 
is generated 
from 
BCLK rising edge, except 
for DMA case, which 
uses BCLK falling 
edge for 10RC# 
and MRDC#. 
19. The leading 
edge of CHRDY 
is propagated 
from the ISA command 
signals. 
The trailing 
edge of CHRDY 
is a float delay 
from 
BCLK falling 
edge. This signal 
uses an open collector 
driver. CHRDY 
is asynchronous 
when 
it is an input. 


20. REFRESH# 
is sampled 
on BCLK 
rising edge 
before 
ST<3:0> 
pins are sampled. 
During 
an idle state, 
REFRESH# 
is 
sampled 
at the same time as the ST<3:0> 
pins. 
21. ST <3:0> 
are inputs to the EBC when the ISP is the bus master. 
Otherwise, 
these 
signals 
are outputs 
of the EBC. 


23. L10WAIT# 
is setup to BCLK rising at the end of an ISA 1/0 command. 
25. RSTCPU 
and RST385 
must be synchronized 
by an ex1ernal PAL at all frequencies. 
30. SA 
<1:0>, 
SBHE# 
output 
delay 
is a function 
of either 
BCLK 
(where 
SALE# 
is active) 
(t38a); 
or prop delay 
from 
BE 


<3:0> 
# (t38), whichever 
occurs 
last. 


31. Active 
edge only. 


31 a. Inactive 
edge only. 


33. This case 
is for access 
to ISP registers. 


34. HLOCMEM# 
and HLOCIO# 
are set up to BCLK rising edge at the end of START#. 


36. This signal 
is latched 
internally 
during 
BCLK rising at START# 
driven 
inactive. 
40. For EISA masters, 
STO is a combinatorial 
delay from START #. 
41. HBE<3:0> 
# 
are referenced 
to HCLKCPU 
rising 
edge 
at the beginning 
of START# 
when 
no BCLK 
edge 
is present. 


They are referenced 
to BCLK rising when this edge is present 
at START # . 
42. This specification 
is for write cycles 
requiring 
EISA master 
back-off 
(i.e. the first cycle of a disassembly). 
45. This specification 
is for a read red rive cycle. 


46. This specification 
is for a write disassembly, 
except 
the first cycle of EISA or DMA bus masters. 
47. HALAOE# 
prop delay 
is from 
HHLDA#, 
EXMASTER#, 
EMSTR16# 
or REFRESH#. 
LAHAOE# 
prop delay is the same as HALAOE# 
(except 
REFRESH#). 
LASAOE# 
prop delay is from 
EMSTR16# 
or REFRESH#. 


SALAOE # prop delay is the same as LASAOE # . 
49. Assumes 
tracking 
between 
the 
SDCPYEN#, 
SDCPYUP 
outputs 
and the 
MWTC#, 
SMWTC# 
outputs 
(specifically, 
a 
25 ns output 
delay for the copy enables 
assumes 
a minimum 
delay on MWTC#, 
SMWTC# 
of 7 ns). 
50. LOCK# 
is generated 
one CLK1 period 
after START# 
assertion. 
51. See the following 
waveforms 
which 
show the EBC setup and hold times 
relative 
to HCLKCPU 
for the sampling 
points 
for 
HD/C#, 
HW/R#, 
HM/IO#. 


53. For a burst 
read cycle, 
SDCPYEN 
< > # 
change 
during 
BCLK 
low time only 
(unless 
wait 
states 
are added). 
For burst 
write cycles, 
SDCPYEN 
< > # are always 
active. 


54. SDCPYUP 
is related 
to BCLK falling 
edge 
in all cases 
except 
16-bit EISA master, 
or DMA cycles 
to 8-bit 
ISA slaves, 
in 
which 
case it is related 
to BCLK rising edge. 


55. LALE# 
rising 
edge 
is referenced 
to BCLK 
rising 
edge 
when 
BCLK 
is not stretched, 
and to START# 
when 
BCLK 
is 
stretched. 
LALE # falling 
edge is always 
referenced 
to BCLK falling 
edge. 
56. SALE# 
= START# 
& BCLK 
LOW for this case 
(same as BALE). 
57. This case 
is for DMA cycles 
that do not require 
assembly. 
SALE# 
leading 
edge 
is related 
to BCLK 
rising edge 
where 
ST < 3:0 > is sampled. 
SALE # trailing 
edge is related 
to BCLK rising edge at the end of START # . 


59. HSTRETCH# 
can not be held low for more than 400 ns. 
60. Sampled, 
but not 100% 
tested. 
61. Inactive 
edge during 
ISA Master 
Read cycle. 


62. CMD# 
is always 
negated 
from BCLKs 
rising edge, except 
during some types of DMA cycles, 
and ISA bus master 
cycles. 


63. 16-bit EISA master 
to 8-bit ISA slave write cycle 
referenced 
to BCLK rising edge at end of START #. 


inter 


NOTES: 
(Continued) 


64. Host master 
cycle with BCLK stretching. 
65. Host master 
cycle without 
BCLK stretching. 
66. This spec applies 
to write cycles 
only, read cycles 
are not specified 
because 
system 
timings 
guarantee 
adequate 
timing 


margins 
for the copy enable 
signal paths. 


67. Minimum 
of 16 ns on high or low time out of 40 ns period. 


68. This spec applies 
to the first cycle 
that follows 
an EISA idle cycle. 
69. Data Buffer 
Control 
Signal 
Notes: 
LE = Leading 
edge 
TE = Trailing 
edge 


Signal 
Case 
Edge 
Reference 


HDOE# 
CPU Read 
L.E. 
BLCK Rising 
@ CMD# 
Active Edge 


T.E. 
CLK1 (where HRDYI Sampled 
Active) 


Write Disassembly 
L.E. 
BCLK Falling during START# 
Active Edge 
T.E. 
BCLK Falling 
@ CMD Inactive Edge 


+ 1/2 BCLK 


Read Assembly 
L.E. 
BCLK Falling during CMD# 
Active Edge 
T.E. 
BCLK Falling 
@ CMD# 
Inactive 
Edge 


+1/2BCLK 


Host Memory Write 
L.E. 
BCLK Falling during START# 
Active Edge 
T.E. 
BCLK Falling 
@ CMD# 
Inactive Edge 
+ 1/2 BCLK 


ISA Master 
Combinatorial 
from MWTC# 
/IOWC# 


HDSDLE# 


CPU Write 
Both 
Single CLK1 Pulse during START # Active 
Edge 


Read Assembly 
L.E. 
BCLK Falling during CMD# 
Active Edge 
T.E. 
BCLK Falling 
@ CMD# 
Inactive Edge 


+ 1/2 BCLK 


Write Disassembly 
L.E. 
BCLK Falling during START# 
Active Edge 
T.E. 
BCLK Falling during CMD# 
Active Edge 


Host Memory 
L.E. 
BCLK Rising at CMD# 
Active Edge 


T.E. 
BCLK Rising at CMD# 
Inactive 
Edge 


ISA Master 
Combinatorial 
from MRDC#, 
IORC# 


SDOE# 


CPU Write 
L.E. 
BCLK Falling during START# 
Active Edge 
or START # & BCLK Low (Stretch Case) 
T.E. 
BCLK Falling at CMD# 
Inactive 
Edge 


+ 1/2 BCLK 


Read Assembly 
Both 
BCLK Low Time during Redrive (BCLK 
Rising and Falling Edge) 


Write Redrive 
L.E. 
BCLK Rising at CMD# 
Active Edge 


Master Back-Off 
Sub-Cycles 
L.E. 
BCLK Falling during START # Active Edge 


ISA Master 
Combinatorial 
from IORC#/MRDC# 


Host Memory Read (Burst) 
Both 
BCLK Rising Edge (Looks the Same as 
or Non-Burst) 
CMD#) 


SDHDLE# 


Read (Burst or Non-Burst) 
Both 
BCLK Rising Edge (Looks the Same as 
CMD#) 


Write 
Both 
BCLK Falling Edge (Delayed START#) 


Burst Write 
L.E. 
Same as Normal Write Case until Burst 
Begins. Then Goes Active from BCLK 
Rising Edge. 


T.E. 
BCLK Rising at CMD# 
Inactive 
Edge 


ISA Master 
Active for Entire ISA Command 


info r 
SDCPYEN# 
Burst Read 
Read 
Write 


L.E. 
Both 
L.E. 
T.E. 


BCLK Falling Edge 
Propagation 
Delay from CMD# 
BCLK Falling during START # Active Edge 
BCLK Falling 
@ CMD# 
Inactive Edge 
+ 1/2 BCLK 


Read or Write 
16-Bit EISA Master 
to 8-Bit ISA Slave 


BCLK Falling during START# 
Active Edge 
BCLK Rising 
@ End of START # Active 
Edge 


CL = 50 pF on HHOLD, 
SDCPYEN01 
#, SDCPYEN02#, 
SDCPYEN03#, 
SDCPYEN13#, 
SDHDLE<3:0> 
#, 


SDOE<2:0> 
#, 
HDSDLE<1:0> 
#, 
HDOE<1:0> 
#, 
HALAOE#, 
HALE#, 
LASAOE#, 
LAHAOE#, 
LALE#, 
SALAOE#, 
SALE#, 
HERDYO#, 
HHOLD, 
DRDY, ST<3:0>, 
RST, RSTCPU, 
RST385, 
AENLE, 
HNA#. 


CL = 80 pF on SDCPYUP, 
CLKKB 


CL = 120 pF on HM/IO#, 
HW/R#, 
HD/C#, 
HRDYO#, 
HBE<3:0> 
#, HSSTRB# 


CL = 240 pF on BE<3:0> 
#, 
M-IO, W-R, START#, 
CMD#, 
MSBURST#, 
SLBURST#, 
EX32#, 
EX16#, 


EXRDY, 
LOCK#, 
BALE, 
BCLK, 10RC#, 
10WC#, 
MRDC#, 
MWTC#, 
SMRDC#, 
SMWTC#, 
1016#, 
M16# 


CHRDY, 
SA<1:0>, 
SBHE#. 


82358 


OUTPUT~ 


~CL 


THIGH = t1a, t1c 
how = 11a, 11c 
TAtSE = 
t1d 
TFALL = 11d 
T PEAIOD = 11b, 11 
Ix = 
input 
selup 
limes 
ty = 
input 
hold times, 
oulpul 
floal, 
valid 
and hold limes 


elK Waveforms 


TpERIOD 


_--J 
"'---_--I}- 


THIGH = 131a, t60a 
TLOW = 131a. 160a 
TAISE = 
t31b 
TFALL = 131b 
TpEAIOD = 
t60 
T x = 
Output 
Float 
or Valid 
delay 
limes 


•• 


inter 


ESC Signal Setup and Hold Times Relative 
to HCLKCPU 
Tx 


486 
(HCLKCPU) 
---J 
..I 
_ 


: 0, 
02 
~ 
I 
, 
, 
, 
-=..._..... 
_-~ 
: 
~I·~-~- 
'T 
':T 
: 
: TSU,: THO,: 
I 
I 
' 
HD31 
SU31 


I 
I 
:-;+----: 
:: 
~:: 
, 
I 
, 
, 
I 
I 
, 
I 
, 
, 
I 
, 


SPWROK 


(386 
CPU BASED) 


SYSTEM 


!,,-...'----- ..• 
,-,_.--~ 


: TSU2: 
THD2 


TSU, 
~ 
13, t4, tl0, 
1", 
112, 115, t16 


THO, 
~ 
13a, 14a, 110a, tll 
a, 112a, 116a 


TSU2 ~ 
12 
TH02 
~ 
12a 


TSUa = 57 
THDa ~ 
57a 


Host 
Inlerface 
Signals: 
HADSO#, 
HADSl 
#, 
HLOCMEM#, 
HLOCIO#, 


HSTRETCH#, 
HRDYI#, 
HHLDA#, 
HLOCK# 


~D 
•• 
< 
1...,>- 


HO/CN, 
HM/ION, 


HW/RN, 
HBE(3:0)N 


HO/CN, 
HM/ION, 


HW/RN, 
HBE(3:0)N 
<---------....>- 


L This CLKI 
Sampling 
point 


is used for HSSTRBN generation. 


Host 
Master 
10 Host 
Slave 


TSU4 ~ 
t5,17 
T HD4 ~ 
15a,17a 


Hosl 
Master 
to Any Non-Host 
Slave 


TSU5 ~ 
t5,17 


T HD5 ~ 
15a, t7a 


inter 


TSU, = t9b,110b, 
118 
THO, = 118a 
TH02 = 110C 


T SU2 = t20a, 
t24a, 
125, t26d, 
130, 134, t36d, 
t39 
T H02 = t20b, 
t21d, 
t22d, 
t24b, 
t25a, 
t26e, 
130a, 134a, 139a 
TSU3 = t19b, 
11ge, 121c, t22c, 
t27a, 135, t36c, 
137 
THOJ = 119c, 1191, 127b, 135a, 137a, 137b 


~_:_->- 
-' 
>U4: 


TsuS 
- 
T6' 
THoS 
- 
T6'. 


Host 
Bus Inlertace 
Signals 
- 
HW/A#, 
HLOCMEM#, 
HLOCIO#, 
HGT16M#, 


EISA Bus Intertace 
Signals 
- 
BE<3:0> 
#, 
M-IO, 
W-A, 
MSBUAST#, 
SLBUAST#, 
EX16#, 
EX32#, 
EXADY, 
MASTEA16#, 
M16#, 
1016#, 


CHADY, 
NOWS#, 
AEFAESH# 


ISP Bus Intertace 
Signals 
- 
DADY 
,EXMASTEA#, 
EMSTA16# 
Miscellaneous 
Signals 
- 
L10WAIT;II 


• 


intJ 


TSU, 
~ 
tl0 
THD, 
~ 
t10a 
TSU2 = 111 
THD2 ~ 
t11a 


HLOCMEM#. 


HLOCIO# 


~~[2[LnlMln~4\~W 


L..J 
L..J ~~L 
LJ LJ U ULJL:.fl 


LJ,,, 
---<'....•• 
===:::===~>- 


---.... 
t22b 
,.------- 
'-.... 
r/ 


-< 
: >- 


II 
.' 
•• 
' 


~--------- 
, 


~ 
I 
~, 


: t47a 
: 


I t47b 
I 


t36b 
,.- 
"'-, 
:JI' 


"- 
. 


inter 


Output Valid Delay Timings 
Relative 
to HCLKCPU 


TX 


"2 
"1 
"2 


HClKCPU --.J---I__ --1r------,I •...__ 
..:---...,, 
_ 


Host Interface 
Signals: 
HERDYO#. 


HSSTRB#. HHOlD 


START#. lOCK#. BClK. HDSDlEl #. 


HDOE(l :0)#. ClKKB. STD 


T01----+-t.4-ln----~>-------<-l 
t.4ax 


X 
X X X 
X X X X 
Valid n+ 1 


T02 
;----+-t.4~in------~ 


XXXXxx 
xxx 


t.4ax 


Valid n+l 


TDl 
~ 
113, t14, 117. t22a, 
128. t31, t42, 149a, t5o, 160b 
T D2 ~ 
16, t6b, 158, t59 


Max 


Valid n+1 


CMDiI' , W-R, EXRDY, 
MSBURSH, 
MRDCiI', 
MWTCiI' 
, IORCiI', 
IOWCiI', 
EX16i1', 
EX32*, 
BALE, 


BE <3:0> 
iI', SA<1:0>, 
SBHEiI' 


ISP INTERFACE 
SIGNALS 


ST2 


T04 ---+-M-in--------I 
Max 


l( l( l( l( l( l( 
l( l( l( l( 
Valid n+ 1 


T03 = 119a, 122, t23, 127, 128, t29, 132 
T 04 = 119, t21 b, t23, 124, 126, 129, 132, 142d, 123, 138a 


EISA 
Interface 
Signals: 
BE <3:0> 
iI', CMDiI', 
STARTiI' 
EXRDY, 
BALE, 
IORCiI', 
IOWCiI', 
MRDCiI', 
MWTCiI', 
LOCKiI' 


Data Buffer 
Control 
Signals 
SDCPYEN0111, 
SDCPYEN02 II, 
SDCPYEN0311, 
SDCPYEN1311, SDCPYUP, 
SDHDLE <3:0> II, 
SDOE<2:0> 
II, HDSDLE111, 


HDOE<1:0>II 


T05----+-M-in--------i 
Max 


xxx 
x 
Validn+l 


Address 
Buffer 
Control 
Signals 
SALEII, LALEII 


Data Buffer Control 
Signals 
SDCPYEN01 II, SDCPYEN02 II, 
SDCPYEN0311,SDCPYEN1311, 
SDHDLE < 3:0 > 
II, 


SDOE<2:0>II,HDSDLE1 
II, 


HDOE<1:0>II 


Miscellaneous 
Signals 
AENLEII 
TD5 ~ 
145b, 
145d, 146, 147, 148, 148a, 
148d, 149, ISO, 154, 156, 156a 


T D6 = 145, 145c, 
146, 147, 148, 148b, 
149, ISO, 156, 162 


T06----+-M-in-------J 
Max 


x 
Vaiidn+1 


I 


inter 


290252-A4 


TpROP ~ 15b, t9, t9a, t19d, t199, 119h, t20, t21, t21a, t23a, t26b, t33, t33a, t35b, t36, t38, t42a, t42c, t45a, 147c, t48c, 149b, 150a, 151, t52, t53, 
155 


INPUT SIGNAL =:>< 
X 
_ 


OUTPUT SIGNAL =+==Y 
">c= 
r::1~----- 


I 


486 
HCLKCPU ---I 


01 


386 
HCLKCPU ---I 


HRDYO#, 
HNA# 


8CLK ---I 


EX16#, 
EX32# 
EXRDY 


CHRDY 


Output Float Delays 


Tx 


-I 
•.•... T FLOA 11 .-1 
! 
>- 


------ ...•.•.--------~ 


:- 
TrLoAT2 
~ 
~ 
---------- .•..-------------. 


~ 
TrloAT3~ 


I 
~ 
,....-- TFLOAT4 
~ 


I 
I 
I 
------., 


TFLOAT, 
~ 
t6a,113a 


TFLOAT2 
= t26a, 
t27c 


TFLOAT3 
~ 
t36a 


T FLOAT 4 ~ 
t26c 


T FLOATS 
~ 
18 


I 
I 
: 
~ 
~ 
TFLOATS --: 


82352 
EISA BUS BUFFER (EBB) 


• 
Designed 
Specifically 
for EISA Bus 
Requirements 


• 
Provides 
Three 
Modes of Operation 
- 
Data Latch and Swap Functions 
Allow Swapping 
and Assembly 
of 
Data between 
the Host and EISA/ISA 
Buses on a Byte by Byte Basis 
(Mode 
0) 
- 
Provides 
a Buffered 
Path with Parity 
Generation/Check 
between 
the Host 
Data Bus and DRAM (Mode 
1) 
- 
Address 
Latch Functions 
Provide 
Latching 
between 
the Host and 
EISAIISA 
Buses (LA and SA 
Addresses) 
(Mode 
3) 


• 
Similar in Function 
to Discrete 


Implementation 
Using 74F543s/544, 
74180s, and 74ALS245s 


• 
Replaces 
19 Discrete 
Components 
- 
Three 
82352s are Used Per EISA 
System 


• 
The 82352 Interfaces 
Easily to the 


System 
• 
- 
Buffer Control 
for the 32-Bit Mode 
W/O 
Parity and the EISA Address 
Mode is Provided 
by the 82358 (EISA 
Bus Controller) 


• 
120-Pin Quad Flat Pack (QFP) 


The 82352 
design 
allows 
it to replace 
the multiple 
address 
and data 
latch-buffer/driver 
ICs used in EISA 
applications. 
The EBB provides 
three 
modes 
of operation: 
a 32-bit mode without 
parity to replace 
the EISA 


data swap 
buffers, 
a 32-bit 
mode with parity to replace 
the EISA DRAM 
data parity 
buffers, 
and an EISA 


address 
mode to replace 
the host to EISA/ISA 
address 
buffers. 
Mode 2 on the EBB is reserved. 
The same 
chip 
is strapped 
in three 
different 
ways to obtain 
the three 
configurations. 
These 
three 
chips 
as a group, 


integrate 
the logic and buffers that normally 
require approximately 
19 chips. 


i.... r 
CONTENTS 


1.0 INTRODUCTION 
1-392 


1.1 Bus Description/EISA 
System Interface 
1-392 


1.2 System Block Diagram (Figure 1) 
1-393 


2.0 FUNCTIONAL 
DESCRiPTION 
1-393 


2.1 Mode 0: 32-Bit Data Mode without Parity 
1-393 


2.1.1 Description 
1-393 


2.1 .2 Block Diagram (Figure 2) 
1-394 


2.2 Mode 1: 32-Bit Data Mode with Parity 
1-395 


2.2.1 Description 
1-395 


2.2.2 Block Diagram (Figure 3) 
1-395 


2.3 Mode 3: EISA Address 
Mode 
1-396 


2.3.1 Description 
1-396 


2.3.1.1 
EBB-EISA 
Bus Relationships 
1-396 


2.3.1.2 
Host System as Bus Master 
1-396 


2.3.1.3 
ISA Bus Master 
1-396 


2.3.1.4 
EISA Bus Master 
1-396 


2.3.2 Block Diagram (Figure 4) 
1-397 


3.0 MODE 0: 32-BIT DATA MODE WITHOUT 
PARITY 
DETAILED 
DESCRiPTION 
1-398 


3.1 Detailed Pin Description 
1-398 


3.2 D.C. Specifications 
1-400 


3.2.1 Maximum Ratings 
1-400 


3.2.2 D.C. Specification 
Table 
1-400 


3.3 AC. Specifications 
1-401 


3.3.1 AC. Specifications 
Table 
1-401 


3.3.2 AC. Characteristic 
Waveforms 
(Figure 5) 
1-402 


3.4 Pin Summary 
, 
1-403 


3.5 120-Pin Package Pinout(Figure 
6) 
1-403 


4.0 MODE 1: 32-BIT 
DATA MODE WITH PARITY 
DETAILED 
PIN DESCRiPTION 
1-404 


4.1 Detailed 
Pin Description 
1-404 


4.2 D.C. Specifications 
1-407 


4.2.1 Maximum Ratings 
1-407 


4.2.2 D.C. Specification 
Table 
1-407 


4.3 AC. Specifications 
1-408 


4.3.1 AC. Specification 
Table 
1-408 


4.3.2 AC. Characteristic 
Waveforms 
(Figure 7) 
1-409 


4.4 Pin Summary 
1-410 


4.5 120-Pin Package Pinout (Figure 8) 
1-411 


inter 


5.0 MODE 3: EISA ADDRESS 
MODE 
1-412 


5.1 Detailed 
Pin Description 
1-412 


5.2 D.C. Specifications 
1-414 


5.2.1 Maximum Ratings 
1-414 


5.2.2 D.C. Specification 
Table 
1-414 


5.3 A.C. Specification 
1-414 


5.3.1 A.C. Specification 
Table 
1-414 


5.3.2 A.C. Characteristic 
Waveforms 
(Figure 9) 
1-415 


5.4 Pin Summary 
1-417 


5.5 120-Pin Package Pinout (Figure 10) 
1-417 


6.082352 
CRITICAL 
FEATURES 
1-418 


6.1 A-BUS Output Buffer Contention 
(16-Bit Host Application) 
1-418 


6.2 B-BUS Output Buffer Contention 
(B-BUS to B-BUS Re-drive) 
1-418 


7.082352 
DEVICE 
PiNOUT 
1-419 


8.082352 
PACKAGE 
DIMENSIONS 
(Figure 12) 
1-422 


9.082352 
PACKAGE 
THERMAL 
CHARACTERiSTiCS 
1-422 


10.0 EISA BUS MODEL (Figure 13) 
1-423 


11.0 FREQUENTLY 
USED ABBREViATIONS 
1-423 
• 


1.1 Bus Description/EISA 
System 
Interface 


The EBB supports up to three buses when used in 
an EISA system. 
Each 
bus is broken 
down 
into 
groups; 
usually one byte in width. 
Each group is 


identified 
by 
a 
letter/number 
combination 
which 


identifies the associated bus and relative group loca- 
tion in the bus. The following 
identifies the various 
bus/group 
relationships 
on a per mode basis. 


Mode 0: 32-Bit Data Mode without Parity 


A-BUS 
=A-BUS<31 
..0> 
= AO + A1 + A2 + A3 


AO 
=AO<7 ..0> 
= HOST DATA BUS <7 ..0> 


A1 
=A1 <7 ..0> 
= HOST DATA BUS <15 ..8> 


A2 
=A2<7 
..0> 
= HOST DATA BUS 


<23 ..16> 


A3 
=A3<7 
..0> 
= HOST DATA BUS 


<31 ..24> 


B-BUS 
BO 


B-BUS<31 ..0> 
= BO + B1 + B2 + B3 


=BO<7 ..0> 
= EISAIISADATABUS 


<7 ..0> 


=B1 <7 ..0> 
= EISAIISA 
DATA BUS 


<15 ..8> 


=B2<7 
..0> 
= EISAIISA 
DATA BUS 


<23 ..16> 


=B3<7 
..0> 
= EISAIISA DATA BUS 


<31 ..24> 


Mode 1: 32-Bit Data Mode with Parity 


A-BUS 
=A-BUS<31 
..0> 
= AO + A1 + A2 + A3 


AO 
=AO<7 
..0> 
= DRAM DATA BUS <7 ..0> 


A1 
=A1 <7 ..0> 
= DRAM DATA BUS 


<15 ..8> 


A2 
=A2<7 
..0> 
= DRAM DATA BUS 


<23 ..16> 


A3 
=A3<7 
..0> 
= DRAM DATA BUS 


<31 ..24> 


B-BUS 
B-BUS<31..0> 
= BO + B1 + B2 + B3 


BO 
= BO<7 ..0> 
= HOST DATA BUS <7 ..0> 


B1 
=B1<7 
..0> 
= HOST DATA BUS <15 ..8> 


B2 
= B2<7 ..0> 
= HOST DATA BUS 


<23 ..16> 


B3 
=B3<7 
..0> 
= HOST DATA BUS 


<31..24> 


Mode 3: EISA Address Mode 


A-BUS 
=A-BUS<31..2> 
= AO + A1 + A2 + A3 


AO 
=AO<6 ..0> 
= HOST ADDRESS BUS 


<8..2> 


A1 
=A1 <7 ..0> 
= HOST ADDRESS BUS 


<16 ..9> 


A2 
=A2<6 
..0> 
= HOST ADDRESS BUS 


<23 ..17> 


A2 
=A2<7> 
= HOST (HM/IO#) 


A3 
=A3<7 
..0> 
= HOST ADDRESS BUS 


<31..24> 


= B-BUS <31..2> 
= BO + B1 + B2 + 
B3# 


=BO<6 ..0> 
= EISA ADDRESS BUS LA 


<8 ..2> 


= B1 <7 ..0> 
= EISA ADDRESS BUS LA 


<16 ..9> 


= B2 < 6..0 > = EISA/ISA ADDRESS BUS 
LA <23 ..17> 


= B3# <7 ..0> 
= EISA ADDRESS BUS B- 


BUS <31..24> 


= B-BUS<19 ..2> 
= SO + S1 + S2 


SO<6 ..0> 
= ISA ADDRESS BUS SA 


<8 ..2> 


S1 <7 ..0> 
= ISA ADDRESS BUS SA 


<16 ..9> 


S2<2 ..0> 
= ISA ADDRESS BUS SA 


<;19..17> 


S-BUS 
SO 


NOTE: 
The B3# 
(LA# <31..24» 
bus group is allowed to 


float high during ISA bus master operation. 
These 


high 
bits 
are 
inverted 
by 
the 
74F544 
style 


latch/buffer 
and driven onto A3 as zeros. This al- 


lows correct 
32-bit addresses 
to be transferred 
to 


the system during ISA bus master operation. 


Mode 0 is connected to the EISA System as follows: 


AX- 
Host Data Bus 


BX- 
EISAIISA Data Bus 


Mode 1 is connected to the EISA System as follows: 


AX- 
DRAM Memory lines 


BX- 
Host Data Bus 


Mode 3 is connected to the EISA System as follows: 


AX- 
Host Address Bus 


BX- 
LA Address Bus (EISAIISA 
Bus) 


SX- 
SA Address Bus (ISA Bus) 


inter 


The 
EBB's 
functional 
description 
is broken 
down 
into three discrete 
descriptions 
along with one inte- 
grated 
description. 
Each 
of the three 
discrete 
de- 
scriptions 
view the EBB's functional 
logic in terms of 
the ICs it is replacing. 


Unless otherwise 
noted, each functional 
description 
assumes the Master Output Enable (MOE #) and the 
A-BUS Latch Enable (LLE 
#) signals are asserted 
(low). 


2.1 
Mode 0: 32·Bit Data Mode without 
Parity 


2.1.1 MODE 
0 DESCRIPTION 


Functionally, 
this 
32-bit 
data 
mode 
is similar 
to a 
discrete 
implementation 
using 
74F543s 
and 
74ALS245s. 
Each of the four latch/buffer 
modules 
in Figure 2 can be replaced 
by a 74F543 
with their 
"chip enable" 
lines tied to ground. A 74AL:S245 can 
replace 
each 
bidirectional 
transceiver 
module 
also 
found in Figure 2. 


The latch/buffer 
modules, 
when operated 
together, 
will 
allow 
bidirectional 
data 
transfers 
and 
latching 
between 
the 32-bit 
A-BUS 
and 32-bit 
B-BUS. 
Con- 
trol of the buses on both 16-bit and 8-bit increments 
is also possible 
within the defined 
constraints 
of the 
control 
signals 
(REFER TO SECTIONS 
3.1, 4.1 and 
5.1). 


The 
bidirectional 
transceiver 
modules 
allow 
8-bit 
data transfers 
to occur between 
the four bytes com- 


prising the B-BUS. If the B-BUS is viewed as a four- 
byte data word, 
these 
buffers 
will allow 
the lowest 
order 
byte, 
BO, to transfer 
data to or from 
the re- 
• 
maining 
three 
bytes. Also 
16-bit data transfers 
can 
be supported 
between 
the low order bytes 
(BO, B 1) 
and the high order bytes (B2, B3). The Ax D-Latch 
inputs will also have access to the data during trans- 
fer. 


The 
bidirectional 
transceiver 
modules 
are enabled 
by asserting 
the corresponding 
BxxCPYE# 
line low. 
The direction 
of the copy is determined 
by the logic 
level of the CPY _DN 
# line. 


The A_LE# 
control 
signal is OR'ed with all the indi- 


vidual Ax latch enable 
control 
signals. 
If all Ax lines 
are asserted, 
this 
line will act as a global 
A-BUS 
latch enable. 


inter 


7 
7 
6 
5 
4 
4 
B3 


1 
0 


MOE# 


B13CPYE 


A2 


ALOE# 


ALLE# 


ABLOE# 
BOLLE# 


7 


Al 
4 


ALOE# 


ALLE# 


ABO_OE# 


AO_OE# 


AO_LE# 


A_LE# 
CPLON 


B02CPYE 


inter 


2.2 
Mode 1: 32·Bit Data Mode with 
Parity 


2.2.1 MODE 
1 DESCRIPTION 


The parity 
generation 
and detection 
is functionally 
similar to the 74180. 
Each Ax and Bx is serviced 
by 
a separate 
parity module. 


This data mode is similar to the mode discussed 
in 
2.1 except 
for 
the 
addition 
of even-parity 
genera- 
tion/detection 
circuits 
(see Figure 3). Parity support 
is available 
for each 
byte 
in both 
the 
A-BUS 
and 
B-BUS. 


During data transfers 
from the B·BUS to the A-BUS, 
four independent 
even-parity 
signals are generated. 
These 
parity 
signals 
are routed 
through 
the 
same 
74F543 
style latch/buffer 
modules 
that supports 
the 
byte used 
in their generation. 
This will allow 
each 
parity 
signal 
to be latched 
with 
its associated 
Bx 
byte. 


AB3_0EN 
BH_LEN 


PARITY 3 


ABLOEN 


LL 
N 


PARITY 1 


ALOEN 


ALLEH 


AO_OEN 


AO_LEH 


A_LEN 


MODE(1 ..0) 


PE 
3 


B01CPYEN 


PLSUMN 


Figure 3. Mode 1: 32·Bit Mode with Parity 


1-395 


During data transfers 
from the A-BUS 
to the B-BUS, 
incoming 
Ax byte parity is compared 
with the parity 
generated 
in the parity detection 
modules. 
If the par- 
ities differ 
and if the output 
enable 
for that 
byte is 
active, the parity error signal for that byte, along with 
the parity-sum 
signal will go active. 


The parity-sum 
signal will not respond 
to errors for 
bytes that do not have asserted 
9utput enables. 


Parity support 
is not available 
for any Bx to Bx data 


transfer 
using the bidirectional 
transceiver 
modules. 


Note that the latch enable 
signals for the AO,A 1, A2 
and A3 bus groups are inverted 
in this mode. 


The EISA Address 
Mode is similar to a discrete 
im- 
plementation 
using six 74F543s 
and a 74F544. 
Each 
of the six non-inverting 
latch/buffer 
modules 
in Fig- 
ure 4 can be replaced 
by a 74F543. The 74F544 can 


replace 
the single inverting 
latch/buffer. 
Each of the 
seven 
chips 
would 
have 
their 
"chip 
enable" 
lines 
tied low. 


2.3.1.1 
EBB-EISA 
Bus Relationships 


The EISA Address 
Mode is required to support three 
separate 
address 
buses 
(A-BUS, 
B-BUS, 
S-BUS) 
along 
with 
two 
control 
signals 
(HM/lO#, 
M-IO#). 


When this mode is operating 
in an EISA system, the 
following 
relationships 
must exist for proper 
opera- 
tion: 


A3<7 ..0> 
A2<6 ..0> 
A2<7> 
A1 <7 ..0> 
AO<6 ..0> 
B3# <7 ..0> 
B2<6 ..0> 


HA<31 
..24> 


HA<23 
..17> 


HM/IO# 
HA<16 
..9> 


HA<8 ..2> 
LA#<31 
..24> 


LA<23 
..17> 


System Specific 
System Specific 
System Specific 
System Specific 
System Specific 
EISA Defined 
EISA Defined 


B2<7> 
B1 <7 ..0> 
BO<6 ..0> 
S2<2 ..0> 
S1 <7..0> 
SO<6 ..0> 


M-IO# 
LA<16 
..9> 


LA<8 ..2> 
SA<19 
..17> 


SA<16 
..9> 


SA<8 ..2> 


EISA Defined 
EISA Defined 
EISA Defined 
EISA Defined 
EISA Defined 
EISA Defined 


2.3.1.2 
Host 
System 
as Bus Master 


The host system will present 
system 
(HA) address 
data along 
with the HM/lO# 
command 
signal 
to 


the EBB using the' A-BUS. 
This data will immedi- 
ately 
update 
the 
B-BUS 
(LA) 
and 
M-IO# 
if the 
B-BUS 
latch enable 
is asserted. 
When the B-BUS 
data is considered 
valid, the S-BUS_LE 
# signal 


will unlatch 
the S-BUS 
(SA). 


The ISA bus master 
will present 
address 
data to 
the 
EBB 
using 
the 
S1, 
SO (SA < 16..2» 
and 
B2(LA<23 
..17» 
bus 
groups. 
If 
both 
A-BUS_ 
LE # and S-BUS_OE 
# are asserted, 
this data will 


immediately 
update 
the A2, A 1, AO (HA < 23 ..2 > ) 


and B1, BO (LA<16 
..2» 
bus groups. 


The B3# 
(LA# 
<31 ..24» 
bus group is allowed 
to 
float high during ISA bus master operation. 
These 
high 
bits 
are 
inverted 
by 
the 
74F544 
style 
latch/buffer 
and 
driven 
onto 
A3 as zeroes. 
This 
allows 
correct 
32-bit 
addresses 
to be transferred 
to the system 
during 
ISA bus master operation. 


2.3.1.4 
EISA Bus Master 


The EISA bus master presents 
the LA <31 ..2> 
ad- 
dress data along with M-IO# 
to the EBB using the 
B-BUS. 
This 
data 
will 
immediately 
update 
the 
A-BUS 
and 
HM/IO# 
if the A-BUS_LE 
signal 
is 
asserted. 
When the B-BUS data is considered 
val- 


id, the S-BUS_LE 
# signal will unlatch the S-BUS. 


inter 


830E# 
_L # 


Ht.t/IO# 
7 
6 
5• 
R- 
3 


7 
6 
5• 
83# 
3 
2 
1 
0 


t.tOE# 


7 
104-10# 
6 
5•3 
82 
2 
1 
0 


S2 


7 
6 
5• 
81 
3 
2 
1 
80LLE# 
0 


7 


5 
5 
A1 
• 
• 
Sl 
3 
3 
2 
2 
1 
1 
0 
0 


•3 
2 
1 
0 


6 
6 
5 
5 
• 
• 
AO 
3 
3 
2 
2 
1 
1 
0 
0 


S8_0E# 


S_LE# 


S_OE# 


intJ 


The following 
table contains 
detailed 
descriptions 
of each signal while the EBB is in its non-parity 
32-bit data 
mode. Note: For all "N/C" 
pins, use an 8.2K pullup resistor. 


Symbol 
Pin No. 
Type 
Function 


A-BUS 
32 
B 
One of the two 32-bit buses manipulated 
by the EBB. Each of 


the four bytes in A-BUS (AO<7 ..0>, A1 <7 ..0>, A2<7 ..0> 
and A3 < 7..0» 
can be independently 
controlled. 
During non- 


copy transfers, 
the signal associations 
are: 
AO 
BO 
A1 
B1 
A2 
B2 
A3 
B3 


B·BUS 
32 
HCB 
One of the two 32-bit buses manipulated 
by the EBB. Each of 


the four bytes in B·BUS (BO<7 ..0>, B1 <7 ..0>, B2<7 ..0> 
and B3 <7 ..0» 
can be independently 
controlled. 
During non- 


copy transfers, 
the signal associations 
are: 


BO 
AO 
B1 
A1 
B2 
A2 
B3 
A3 


MOE# 
1 
I 
Master Output Enable. This signal is ORed together 
with all 


other output enables 
used in this mode of operation. 
When 
asserted 
(low), this signal will allow the other output enables 
to function. 
When negated 
(high), all EBB outputs will go into 


their High-Z states. 


A><-OE# 
4 
I 
Ax Output Enables. When MOE# 
is low, these signals enable 


the output of the Ax. The signal associations 
are: 


AO_OE# 
AO 
A1_0E# 
A1 
A2_0E# 
A2 
A3_0E# 
A3 


AB><-OE# 
4 
I 
Ax to Bx Output Enables. When MOE# 
is low, these signals 


enable the outputs of the Bx buffers during data transfers 
from the A-BUS to the B·BUS. The signal associations 
are: 


ABO_OE# 
AO 
BO 


AB1_0E# 
A1 
B1 


AB2_0E# 
A2 
B2 


AB3_0E# 
A3 
B3 


A-LE# 
1 
I 
A-BUS Latch Enable. This signal is "ORed" 
with the A><-LE # 


latch enables. 
When asserted 
(low), this signal will allow all 
the Ax latch enables to function. 
When negated 
(high), all the 
A-BUS latches will latch the input data present 
at the time of 


the low to high transition 
if the individual 
Ax latch enable is 


asserted 
(low) at the time of this transition. 
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Symbol 
Pin No. 
Type 
Function 


A><-LE# 
4 
I 
Ax Latch Enables. When A_LE 
# is low, these signals can be 
used to individually 
control 
the latching 
of B·BUS data to the A- 
BUS. For non-copy 
transfers, 
the signal associations 
are: 


AO_LE# 
BO 
AO 
A1_LE# 
B1 
A1 
A2_LE# 
B2 
A2 
A3_LE# 
B3 
A3 


B01_LE# 
1 
I 
B01 and B1 Latch Enable. This signal is used to control the 
latching of AO and A 1 bus groups to the BO and B1 bus groups 
respectively. 
On the asserted 
to negated 
(low to high) transition, 
data present at the latch inputs will be latched onto the latch 
output. 


B23_LE# 
1 
I 
B2 and B3 Latch Enable. This signal is used to control the 
latching of A2 and A3 bus groups to the B2 and B3 bus groups 
respectively. 
On the asserted 
to negated 
(low to high) transition, 
data present at the latch inputs will be latched onto the latch 
output. 


CPY_DN# 
1 
I 
Bus Group Copy Down. This signal determines 
the direction 
of 
data flow for data appearing 
on the four Bx copy transceivers. 


When asserted 
(low), the transceivers 
will allow the following 
potential 
data transfers: 
Transceiver-1 
: 
From B1 to BO, AO D-Latch 
Transceiver-2: 
From B2 to BO, AO D-Latch 
Transceiver-3: 
From B3 to BO, AO D-Latch 
Transceiver-4: 
From B3 to B1, AO D-Latch 
When negated 
(high), the transceivers 
will allow the following 
potential 
data transfers: 
Transceiver -1: 
From BO to B 1, A 1 D-Latch 
Transceiver -2: 
From BO to B2, A2 D-Latch 
Transceiver-3: 
From BO to B3, A3 D-Latch 
Transceiver-4: 
From B1 to B3, A3 D-Latch 


B01CPYE# 
1 
I 
B-BUS Copy Enable 01. When MOE # is low, this signal enables 
copy Transceiver-1 
to transfer 
data between 
BO and B1. The data 
direction 
is determined 
by the logic value of CPY_ON 
#. 


B02CPYE# 
1 
I 
B·BUS Copy Enable 02. When MOE # is low, this signal enables 
copy Transceiver-2 
to transfer 
data between 
BO and B2. The data 
direction 
is determined 
by the logic value of CPY _ON #. 


B03CPYE# 
1 
I 
B-BUS Copy Enable 03. When MOE # is low, this signal enables 
copy Transceiver-3 
to transfer 
data between 
BO and B3. The data 
direction 
is determined 
by the logic value of CPY _ON #. 


B13CPYE# 
1 
I 
B·BUS Copy Enable 13. When MOE # is low, this signal enables 
copy Transceiver-4 
to transfer 
data between 
B1 and B3. The data 
direction 
is determined 
by the logic value of CPY _ON 
# . 


SLEW 
1 
I 
Output Buffer Slew Rate Control. This signal will provide slew rate 
control for all external 
output buffers used in the EBB. When this 
signal is negated 
(low), all output buffers will switch at their non- 
compensated 
slew rate. When this signal is asserted 
(high), the 
output buffers will switch at a slower (> 2 ns) slew rate. 


NOTE: 
When the Slew signal is asserted 
(high), add 1.5 ns to all A.C. 
timings. 


inter 


Symbol 
Pin No. 
Type 
Function 


MODE<1 
..0> 
2 
I 
Operating 
Mode Pins. These signals determine 
the mode of 
operation 
for the EBB. They are intended 
to be hardwired 
to the 
proper value. Operating 
mode determination: 
Mode<1 
> 
Mode<O> 
Operating 
Mode 
#L 
L 
32-Bit Wide Data Mode w/o 
Parity 
L 
H 
32-Bit Wide Data Mode with Parity 
H 
L 
RESERVED 
H 
H 
EISA Address 
Mode 
# Mode described 
in this section 


NOTICE: This data sheet contains preliminary infor- 
mation on new products in production. The specifica- 
tions are subject to change without notice . 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings 
only. Operation 
beyond 
the 
"Operating 
Conditions" 
is not recommended 
and ex- 
tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


Temperature 
Under Bias 
0° to + 70°C 


Storage Temperature 
- 65°C to + 150°C 


Supply Voltage with 
Respect 
to Ground 
- 0.5V to + 7V 


Voltage on Any Pin 
- 0.5V to + 7V 


The following 
is a table of load capacitances, 
input voltage 
levels, current 
levels, and input leakage 
currents 
for the 32-bit non-parity 
mode: 


TA = O°C to + 70°C, Vee = 5V ±5%, 
Ice Max = 160 mA 


Signal Name 
Pins 
Type 
IOLMax 
IOHMax 
II Max 
V,Max 
VHMin 
CIN 
CLOAD 
(mA) 
(mA) 
p-A 
(V) 
(V) 
(pF) 
(pF) 


A-BUS<31 
..0> 
8 
B 
12 
-3 
10 
0.8/0.5 
2.0/2.4 
27 
100 
B-BUS<31..0> 
8 
HCB 
24 
-3 
10 
0.8/0.5 
2.0/2.4 
27 
240 
MOE# 
1 
I 
N/A 
N/A 
10 
0.8 
2.0 
27 
N/A 
A><-OE# 
4 
I 
N/A 
N/A 
10 
0.8 
2.0 
27 
N/A 
AB><-OE# 
4 
I 
N/A 
N/A 
10 
0.8 
2.0 
27 
N/A 
A-LE# 
1 
I 
N/A 
N/A 
10 
0.8 
2.0 
27 
N/A 
A><-LE# 
4 
I 
N/A 
N/A 
10 
0.8 
2.0 
27 
N/A 
B01_LE# 
1 
I 
N/A 
N/A 
10 
0.8 
2.0 
27 
N/A 
B23_LE# 
1 
I 
N/A 
N/A 
10 
0.8 
2.0 
27 
N/A 
CPY_DN# 
1 
I 
N/A 
N/A 
10 
0.8 
2.0 
27 
N/A 
B01CPYE# 
1 
I 
N/A 
N/A 
10 
0.8 
2.0 
27 
N/A 
B02CPYE# 
1 
I 
N/A 
N/A 
10 
0.8 
2.0 
27 
N/A 
B03CPYE# 
1 
I 
N/A 
N/A 
10 
0.8 
2.0 
27 
N/A 
B13CPYE# 
1 
I 
N/A 
N/A 
10 
0.8 
2.0 
27 
N/A 
MODE<1 
..0> 
2 
I 
N/A 
N/A 
10 
0.8 
2.0 
27 
N/A 


NOTES: 
1. II Max = III for inputs, ILO for outputs (or I/O). 
2. VI Max = Vil for inputs, VlllVOl 
for I/O. 
3. VH Min = VIH for inputs, VIHIVOH for I/O. 
4. VIN for leakage = 0.45V to Vcc. 
5. VOL is tested while sinking IOl (24 mAl. 
6. VOH is tested while sourcing IOH (-3 
mAl. 
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Parameter 
From 
To 
Waveform 
Parameter 
Value 
CL Loading 


tpLH or tpHL 
A-BUS 
B-BUS 
1 
15.00 ns Max 
240 pF 


tpLH or tpHL 
B-BUS 
A-BUS 
1 
15.00 ns Max 
100 pF 


tpLH or tpHL 
B-BUS 
B-BUS 
1 
15.00 ns Max 
240 pF 


tpLH or tpHL 
BxxCPYE# 
B-BUS 
1,2 
15.00 ns Max 
'240 
pF 


tpLH or TpHL 
BxxCPYE# 
A-BUS 
1,2 
17.00 ns Max 
"100 
pF 


tpLH or tpHL 
CPY_DN# 
B-BUS 
1,2 
15.00 ns Max 
'240 
pF 


tpLH or TOHL 
CPY_DN# 
A-BUS 
1,2 
17.00 ns Max 
"100 
pF 


tpLH or tPHL 
LE#/A.-LE# 
A-BUS 
1,2 
15.00 ns Max 
100 pF 


tpLH or tpHL 
LE# 
B-BUS 
1,2 
15.00 ns Max 
240 pF 


tpZH or tpZL 
OE# 
or MOE# 
A-BUS 
3,4 
15.00 ns Max 
100 pF 


tpHZ or tpLZ 
OE# 
or MOE# 
A-BUS 
3,4 
15.00 ns Max 
100 pF 


tpZH or tpZL 
OE# 
or MOE# 
B-BUS 
3,4 
15.00 ns Max 
240 pF 


tpHZ or tpLZ 
OE# 
or MOE# 
B-BUS 
3,4 
15.00 ns Max 
240 pF 


tsu 
A or B-BUS Data before LE 
5 
3.50 ns Min 


tH 
5 
3.50 ns Min 
, 


tw 
. 


LE# 
Pulse Width (Low) 
5 
4.00 ns Min 


'Data 
originating 
from the A-Bus or B-Bus going to the B-Bus. 


"Data 
originating 
from the B-Bus going to the A-Bus. 


NOTES: 
1. Increase 
the above 
A.C. timings 
by a maximum 
of 1.5 ns when 
the slew rate control 
pin is asserted 
high. 
2. The 
EBB outputs 
driving 
the 
EISA 
bus, identified 
by a 240 
pF load, 
are guaranteed 
using 
a distributed 
load 
(refer 
to 
Section 
10.0). 


:~::X-T.stpOints-X:: 


290254-5 
A.C. Testing: 
Inputs are driven at 3V for a logic "1" 
and 
OV for a logic "0". 
A.C. Timings 
are tested 
at 1.5V. 


NOTE: 
1. The input waveforms 
have tr ";2.5 
ns from OV to 3V. 


BXXCPYEI~ 
E 


LEI. A_LEI. CPLDNI 
I-:-tp-,h-.,- 
._-_-_-_-:::_~_tp_hIL 


A.B BUS 
7 


290254-7 
Waveform 
2. Delay for Outputs 


oEI.llOEI 
~ 
E 


I-:IpZ1~ 
~ Ip1z"1 


A. B BUS 
~ 
)tv;+0.3v 


290254-9 
Waveform 
4. 3-State 
Output Enable Time to Low 
Level and Output 
Disable Time from Low Level 


NOTE: 
All timings 
are referenced 
to 1.5V unless 
otherwise 
stated. 


OEI.llOEI 
~ 
E 
I-:tpzhl 
'~lphZ~ 
..------ 
VOH-O.3V 
A. B BUS 
_ 


290254-8 


Waveform 
3. 3-State Output 
Enable Time to High 


Level and Output Disable Time from High Level 
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3.4 
Pin Summary 


The following 
table indentifies 
the signals required 
for the EBB to operate 
in its non-parity 
32-bit data mode: 


Signal Name 
No. of 
Signal 
Pins 
Type 


A-BUS 
32 
B 


B-BUS 
32 
HCB 


MOE# 
1 
I 


A><-OE# 
4 
I 


AB><-OE# 
4 
I 


A-LE# 
1 
I 


A><-LE# 
4 
I 


B01_LE# 
1 
I 


B23_LE# 
1 
I 


CPY_DN# 
1 
I 


B01CPYE# 
1 
I 


B02CPYE# 
1 
I 


Signal Name 
No. of 
Signal 
Pins 
Type 


B03CPYE# 
1 
I 


B13CPYE# 
1 
I 


SLEW 
1 
I 


MODE<1 
..0> 
2 
I 


GND 
14 
Ground 


Vcc 
7 
Power 


N/C 
11 


120 


Pin Summary: 
88 
Signals 
21 
Power & Ground 
11 
N/C 


Vec 
1 


Vcc 


AD 
0 


"'01 
4 


AD 
2 


AD' 


A04 


AD' 
AD. 


AD 
7 


ONO 


N/C 


•• 0.. , 


•• 2.., 
••• 
••• 
••• 
ONO 


•• 
7 


N/C 


A20 


A2 
1 


A22 


"'2.3 
26 


.•.2.. 
27 


A,2528 


GND 
29 


GND 
30~~~~~~~~~~.~~~~~~~~~~~~~~~~~~~ 


32-BIT 
DATA 


WITH NO PARITY 


NOTE: 
For all "N/C" 
pins. use an 8.2k pullup 
resistor. 
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The following 
table contains 
detailed 
descriptions 
of each signal while the EBB is in its 32-bit data mode with 
parity support. 
Note: For all "N/C" 
pins, use an 8.2K pullup resistor. 


Symbol 
PinNa. 
Type 
Function 


A-BUS 
32 
B 
One of the two 32-bit buses manipulated 
by the EBB. Each of 
the four bytes in A-BUS (AO<7 ..0> , A1 <7 ..0>, A2<7 
..0> 


and A3 < 7..0» 
can be independently 
controlled. 
During non- 


copy transfers, 
the signal associations 
are: 
AO 
BO 
Al 
Bl 
A2 
B2 
A3 
B3 


B-BUS 
32 
HCB 
One of the two 32-bit buses manipulated 
by the EBB. Each of 
the four bytes in B-BUS (BO<7 ..0>, B1 <7 ..0>, B2 <7 ..0> 
and B3 < 7..0> ) can be independently 
controlled. 
During non- 
copy transfers, 
the signal associations 
are: 


BO 
AO 
Bl 
Al 
B2 
A2 


,. 
B3 
A3 


MOE# 
1 
I 
Master Output Enable. This signal is "ORed" 
with all other 
output enables 
used in this mode of operation. 
When asserted 
(low), this signal will allow the other output enables to 
function. 
When negated 
(high), all EBB outputs will go into 
their High-Z states. 


AJL.OE# 
4 
I 
Ax Output Enables. When MOE# 
is low, these signals enable 
the output of the Ax. The signal associations 
are: 


AO_OE# 
AO 
Al_0E# 
Al 
A2_0E# 
A2 
A3_0E# 
A3 


ABJL.OE# 
4 
I 
Ax to Bx Output Enables. When MOE # is low, these signals 
enable the outputs of the Bx buffers during data transfers 
from the A-BUS to the B-BUS. The signal associations 
are: 


ABO_OE# 
AO 
BO 
AB1_0E# 
Al 
Bl 
AB2_0E# 
A2 
B2 
AB3_0E# 
A3 
B3 


~LE# 
1 
I 
A-BUS Latch Enable. This signal is "ORed" 
with the 
AJL.LEH 
# latch enables. When asserted 
(low), this signal will 
allow all the Ax latch enables to function. 
When negated 
(high), all the A-BUS latches will latch the input data present 
at the time of the low to high transition 
if the individual 


AJL.LEH 
latch enable is asserted 
(high) at the time of this 
transition. 


NOTE: 
The Ax latch enables 
are inverted 
in this mode. (Refer to 
Figure 2.) 
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Symbol 
Pin No. 
Type 
Function 


AlL-LEH 
4 
I 
Ax Latch Enables. When LLE# 
is low, these signals are used to 
control the latching of B-BUS data to the A-BUS. 
For non-copy 
transfers, 
the signal associations 
are: 
NOTE: 
The Ax latch enables are inverted 
in this mode. (Refer to Figure 2.) 
AO_LEH 
BO 
AO 


/. 
A1_LEH 
B1 
A1 
A2_LEH 
B2 
A2 
A3_LEH 
B3 
A3 


B01_LE# 
1 
I 
B01 and B1 Latch Enable. This signal is used to control 
the latching of 
AO and A 1 bus groups to the BO and B1 bus groups respectively. 
On 
the asserted 
to negated 
(low to high) transition, 
data present at the 
latch inputs will be latched onto the latch output. 


B23_LE# 
1 
I 
B2 and B3 Latch Enable. This signal is used to control the latching of 
A2 and A3 bus groups to the B2 and B3 bus groups respectively. 
On 
.. 
the asserted 
to negated 
(low to high) transition, 
data present at the 
latch inputs will be latched onto the latch output. 


CPY_DN# 
1 
I 
Bus Group Copy Down. This signal determines 
the direction 
of data 
flow for data appearing 
on the four Bx copy transceivers. 
When 
asserted 
(low), the transceivers 
will allow the following 
potential 
data 
transfers: 


Transceiver-1 
: 
From B1 to BO, AO D-Latch 
Transceiver-2: 
From B2 to BO, AO D-Latch 
Transceiver-3: 
From B3 to BO, AO D-Latch 
Transceiver-4: 
From B3 to B1, A1 D-Latch 
When negated 
(high), the transceivers 
will allow the following 
potential 
data transfers: 


Transceiver-1 
: 
From BO to B 1, A 1 D-Latch 
Transceiver-2: 
From BO to B2, A2 D-Latch 
Transceiver-3: 
From BO to B3, A3 D-Latch 
Transceiver-4: 
From B1 to B3, A3 D-Latch 


B01CPYE# 
1 
I 
B-BUS Copy Enable 01. When MaE # is low, this signal enables 
copy 
Transceiver-1 
to transfer 
data between 
BO and B1. The data direction 
is determined 
by the logic value of CPY _DN 
#. 


B02CPYE# 
1 
I 
B-BUS Copy Enable 02. When MOE# 
is low, this signal enables 
copy 
Transceiver-2 
to transfer 
data between 
BO and B2. The data direction 
is determined 
by the logic value of CPY_DN 
# . 


B03CPYE# 
1 
I 
B-BUS Copy Enable 03. When MOE# 
is low, this signal enables 
copy 
Transceiver-3 
to transfer 
data between 
BO and B3. The data direction 
is determined 
by the logic value of CPY _DN 
# . 


B13CPYE# 
1 
I 
B·BUS Copy Enable 13. When MaE # is low, this signal enables 
copy 
Transceiver-4 
to transfer 
data between 
B1 and B3. The data direction 
is determined 
by the logic value of CPY _DN 
# . 


SLEW 
1 
I 
Output Buffer Slew Rate Control. This signal will provide slew rate 
control 
for all external 
output buffers used in the EBB. When this 
signal is negated 
(low), all output buffers will switch at their non- 
compensated 
slew rate. When this signal is asserted 
(high), the output 
buffers will switch at a slower (> 2 ns) slew rate. 


NOTE: 
When the Slew signal is asserted 
(high), add 1.5 ns to all A.C. timings. 


. .•. r 
..-- -- -- --- - - -- 


MODE<1 
..0> 
2 
I 
Operating 
Mode Pins. These signals determine 
the mode of 


operation 
for the EBB. They are intended 
to be hardwired 
to the 


proper value. Operating 
mode determination: 
Mode<1 
> 
Mode<O> 
Operating 
Mode 


L 
L 
32-Bit Wide Data Mode wlo Parity 
#L 
H 
32-Bit Wide Data Mode with Parity 


H 
L 
RESERVED 
H 
H 
EISA Address 
Mode 
# Mode described 
in this section 


PARITY<3 
..0> 
4 
HCB 
During data transfers 
from the B-BUS to the A-BUS, these signals 


are generated 
within the EBB to provide even byte parity information. 


During data transfers 
from the A-BUS to the B-BUS, these signals 


are EBB inputs and are used to determine 
if even byte parity is 


received 
by the EBB. During non-copy 
transfers, 
the signal 


associations 
are: 


PARITY<O> 
AO 
BO 


. 
PARITY<1 
> 
A1 
B1 
PARITY<2> 
A2 
B2 
PARITY<3> 
A3 
B3 
NOTE: 


Parity is not supported 
during Bx to Bx byte copies. 


PE# <3 ..0> 
4 
0 
Parity Error. When active (low), these signals will identify incorrect 
parity for any of the Ax bus groups. PE # < 3..0 > are valid when the 
associated 
ABx-OE 
# are active. The signal associations 
are: 


PE# <0> 
AO 
ABO_OE# 


PE# <1 > 
A1 
AB1_0E# 


PE# <2> 
A2 
AB2_0E# 


PE# <3> 
A3 
AB3_0E# 


PE_SUM# 
1 
0 
Parity Error Sum. This signal will go active (low) when any valid 
PE# <3 ..0> 
signals goes active (low). 


I~U IlvC. 
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1111UI- 
mation on new products in production. The specifica- 
tions are subject to change without notice . 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings 
only. Operation 
beyond 
the 
"Operating 
Conditions" 
is not recommended 
and ex- 
tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


Temperature 
Under Bias 
00 to + 70°C 


Storage Temperature 
- 65°C to + 150°C 


Supply Voltage 
with Respect 
to Ground 
- 0.5V to + 7V 


Voltage on Any Pin 
- 0.5V to + 7V 


The following 
is a table of load capacitances, 
input voltage 
levels, current 
levels, and input leakage 
currents 
for the 32-bit parity mode: 


TA = ODCto + 70DC, Vee = 5V ± 5%, Ice Max = 190 mA 


Signal Name 
Pins 
Type 
IOLMax 
IOH Max 
I,Max 
V,Max 
VHMin 
C'N 
CLOAD 
(mA) 
(mA) 
/LA 
(V) 
(V) 
(pF) 
(pF) 


A-BUS<31 
..0> 
8 
B 
12 
-3 
10 
0.8/0.5 
2.0/2.4 
27 
150 
B-BUS<31 
..0> 
8 
HCB 
24 
-3 
10 
0.8/0.5 
2.0/2.4 
27 
100 
MOE# 
1 
I 
N/A 
N/A 
10 
0.8 
2.0 
27 
N/A 
AlL.OE# 
4 
I 
N/A 
N/A 
10 
0.8 
2.0 
27 
N/A 
ABlL.OE# 
4 
N/A 
N/A 
10 
0.8 
2.0 
27 
N/A 
~LE# 
1 
N/A 
N/A 
N/A 
0.8 
2.0 
27 
N/A 
AlL.LEH 
4 
N/A 
N/A 
10 
0.8 
2.0 
27 
N/A 
B01_LE# 
1 
N/A 
N/A 
10 
0.8 
2.0 
27 
N/A 
B23_LE# 
1 
N/A 
N/A 
10 
0.8 
2.0 
27 
N/A 
CPY_DN# 
1 
N/A 
N/A 
10 
0.8 
2.0 
27 
N/A 
B01CPYE# 
1 
N/A 
N/A 
10 
0.8 
2.0 
27 
N/A 
B02CPYE# 
1 
N/A 
N/A 
10 
0.8 
2.0 
27 
N/A 
B03CPYE# 
1 
N/A 
N/A 
10 
0.8 
2.0 
27 
N/A 
B13CPYE# 
1 
N/A 
N/A 
10 
0.8 
2.0 
27 
N/A 
MODE<1 
..0> 
2 
N/A 
N/A 
10 
0.8 
2.0 
27 
N/A 
PARITY <3 ..0> 
4 
12 
-3 
10 
0.8/0.5 
2.0/2.4 
27 
150 
PE# <3 ..0> 
4 
0 
12 
-3 
10 
0.5 
2.4 
N/A 
100 
PE_SUM# 
1 
0 
12 
-3 
10 
0.5 
2.4 
N/A 
100 


NOTES: 
1. II Max = III for inputs, ILO for outputs (or I/O). 
2. VI Max = Vil for inputs, VlllVOl 
for I/O. 
3. VH Min = VIH for inputs, VIHIVOH 
for I/O. 


4. VIN for leakage = OA5V 
to Vcc. 


5. VOL is tested while sinking IOl (24 mAl. 
6. VOH is tested while sourcing IOH (-3 
mAl. 


• 


Parameter 
From 
To 
Waveform 
Parameter 
Value 
CL Loading 


tpLH or tpHL 
A-BUS 
B-BUS 
1 
12.5 ns Max 
100 pF 


tpLH or tpHL 
B-BUS 
A-BUS 
1 
16.00 ns Max 
150 pF 


tpLH or tpHL 
B-BUS 
B-BUS 
1 
16.00 ns Max 
100 pF 


tpLH or tpHL 
BxxCPYE# 
B-BUS 
1,2 
16.00 ns Max 
"100 pF 


TpLH or TpHL 
BxxCPYE# 
A-BUS 
1,2 
18.00 ns Max 
"150 
pF 


tpLH or tpHL 
CPY_DN# 
B-BUS 
1,2 
16.00 ns Max 
"100 pF 


TpLH or TpHL 
CPY_DN# 
A-BUS 
1,2 
18.00 ns Max 
""150 pF 


tpLH or tpHL 
LEH/~LE# 
A-BUS 
1,2 
15.00 ns Max 
150 pF 


tpLH or tpHL 
LE# 
B-BUS 
1,2 
15.00 ns Max 
100 pF 


tpLH or tpHL 
A-BUS 
PE# 
3 
16.00 ns Max 
100 pF 


tpLH or tpHL 
A-BUS 
PE_SUM# 
3 
20.00 ns Max 
100 pF 


tpLH or tpHL 
B-BUS 
PARITY 
3 
19.00 ns Max 
150 pF 


tpZH or tpZL 
OE# 
or MOE# 
A-BUS 
4, 5 
16.00 ns Max 
150 pF 


tPHZ or tpLZ 
OE# 
or MOE# 
A-BUS 
4,5 
16.00 ns Max 
150 pF 


tpZH or tpZL 
OE# 
or MOE# 
B-BUS 
4,5 
15.00 ns Max 
100 pF 


tpHZ or tpLZ 
OE# 
or MOE# 
B-BUS 
4,5 
15.00 ns Max 
100 pF 


tsu 
A or B-BUS Data before LE 
6 
3.50 ns Min 


tsu-PE# 
Ax Data before LE 
6 
3.50 ns Min 


tH 
6 
3.50 ns Min 


tw 
LE# 
Pulse Width (Low) 
6 
4.00 ns Min 


'Data 
originating 
from the A-Bus or B-Bus going to the B-Bus. 


"Data 
originating 
from the B-Bus going to the A-Bus. 


NOTE: 
1. Increase 
the above 
A.C timings 
by a maximum 
of 1.5 ns when 
slew rate control 
pin is asserted 
high. 


inter 


~~:::X-Test 
pOlnts->C: 


290254-12 
A.C. Testing: 
Inputs are driven at 3V for a logic "1" 
and 
OV for a logic "0". 
A.C. Timings 
are tested 
at 1.5V. 


NOTE: 
1. The input waveforms 
have tr S:2.5 ns from OV to 3V. 


290254-13 
Waveform 
1. Delay for Outputs 


290254-15 
Waveform 
3. PE*, PLSUM*, 
and 
Parity Output 
Delays 


OE#.t.40E# 
~ 
-/ 


j::tpZI:i 
l- tp1z-j 


A,a 
BUS 
\: 
~v 


290254-17 
Waveform 
5. 3-State 
Output Enable Time to Low 
Level and Output 
Disable Time from Low Level 


NOTE: 
All timings 
are referenced 
to 1.5V unless 
otherwise 
stated. 


290254-14 


Waveform 
2. Delay for Outputs 


OE#.t.40E# 
~ 
-/ 
j::tP1h) 
·l-tphZ~.. 
__. 
------~v 
A, a BUS 
_ 


290254-16 


Waveform 
4. 3-State 
Output 
Enable Time to High 
Level and Output 
Disable Time from High Level 
• 
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The following 
table indentifies 
the signals 
required 
for the EBB to operate 
in its 32-bit data mode with parity 


support: 


Signal Name 
No. of 
Signal 
Pins 
Type 


A-BUS 
32 
B 


B-BUS 
32 
HCB 


MOE# 
1 
I 


AlL-OE# 
4 
I 


ABlL-OE# 
4 
I 


LLE# 
1 
I 


AlL-LEH 
4 
I 


B01_LE# 
1 
I 


B23_LE# 
1 
I 


CPY_DN# 
1 
I 


B01CPYE# 
1 
I 


B02CPYE# 
1 
I 


B03CPYE# 
1 
I 


B13CPYE# 
1 
I 


Signal Name 
No. of 
Signal 
Pins 
Type 


SLEW 
1 
I 


MODE<1 
..0> 
2 
I 


PARITY<3 
..0> 
4 
B 


PE# <3 ..0> 
4 
0 


PE_SUM# 
1 
0 


GND 
14 
Ground 


VCC 
7 
Power 


N/C 
2 


120 


Pin Summary: 
97 
Signals 
21 
Power & Ground 
2 
N/C 
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VCC 
VCC 


VCC 
800 


AO 0 
0 
80' 


AO 1 
802 


AO 2 
803 


AO 3 
804 


AO 4 
805 


AO 5 
806 


AO 6 
807 


AO 7 
GND 
GND 
EBB 


PEN 0 


PARITY 0 
81 0 


A' 
0 
81 , 


A' 
, 
81 2 


A' 
2 
81 3 


A' 
3 
MODE 
1 
81 4 


A' 
4 
81 5 


A' 
5 
81 6 


A' 
6 
32-BIT 
DATA 
GND 
GND 
81 7 


A' 
7 
WITH 
PARITY 
PEN 1 


PARITY , 
820 


A20 
82' 


A2' 
822 


A22 
823 


A23 
824 


A24 
825 
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NOTE: 
For all "N/C" 
pins, use an 8.2k pullup 
resistor. 


Figure 8. 120-Pin Package 
Pinout 


inter 


The following 
table contains 
detailed 
descriptions 
of each signal while the EBB is in its EISA Address 
operating 
mode. Note: For all "N/C" 
pins, use an 8.2k pullup resistor. 


Symbol 
Pin No. 
Type 
Function 


A-BUS 
31 
B 
One of three buses manipulated 
by the EBB in this mode. This 
bus is intended 
to interface 
with the host system bus as 
discussed 
in Section 
2.3.1. 


B-BUS 
31 
HCB 
One of three buses manipulated 
by the EBB in this mode. This 
bus is intended 
to interface 
with the EISA LA bus as discussed 
in Section 
2.3.1. 


S-BUS 
18 
HCB 
One of three buses manipulated 
by the EBB in this mode. This 
bus is intended 
to interface 
with the EISA SA bus as 
discussed 
in Section 2.3.1. 


MOE# 
1 
I 
Master Output Enable. This signal is "ORed" 
with all other 
output enables 
used in this mode of operation. 
When asserted 
(low), this signal will allow the other output enables to 
function. 
When negated 
(high), all EBB outputs will go into 
their high-Z states. 


A-OE# 
1 
I 
A-BUS Output Enable. This signal is used with MOE # to 
transfer 
address data onto the Host HA <31 ..2> 
address 
lines. When both MOE# 
and A_OE# 
are asserted 
(low), 
data present on the outputs of the A-BUS D-Latches 
is driven 
onto the external A-BUS pins. When either MOE # or 
A-OE 
# switch to their negated 
(high) state, the A-BUS 
drivers will transition 
to a high-Z state. 


AB3_0E# 
1 
I 
A3 to B3 # Output Enable. This signal is used with MOE # to 
transfer 
inverted 
Host HA <31 ..24> 
address data onto the 
EISA LA# <31 ..24> 
address bus. When both MOE# 
and 
AB3_0E# 
are asserted 
(low), A3 data present on the B3# 
D-Latch outputs is driven onto the external 
B3# 
pins. 


When either MOE # or AB3_0E 
# switch to their negated 
(high) state, the B3 # drivers will transition 
to a high-Z state. 


B0120E# 
1 
I 
AO, A 1 and A2 to BO, B1 and B2 Output Enable. This signal is 
used with MOE # to: (1) transfer 
Host HA < 23 ..2> 
address 
data onto the EISA LA <23 ..2> 
address pins and (2) make 
the HA < 19..2> 
address data available 
to the inputs of the 
EISA SA < 19..2> 
D-Latches. 
When both MOE # and 
B0120E 
# are asserted 
(low), the BO-B2 
output buffers will 
drive data present on the BO-B2 
D-Latch outputs onto the 
external 
BO-B2 
pins. Simultaneously, 
the same data is 
presented 
to the S-BUS D-Latch inputs. When either MOE # 
or B0120E 
# are negated, 
BO-B2 
buffer data is not available 
on the BO-B2 
pins but BO-B2 
external data will remain on the 
S-BUS latch inputs unless SB_OE 
# is asserted. 
(The 
external 
pins will typically assume a high-Z state.) 


inter 


Symbol 
Pin No. 
Type 
Function 


S_OE# 
1 
I 
S-BUS Output Enable. This signal is used with MOE # to transfer 
address data onto the EISA SA < 19..2> 
address 
pins. When both 
MOE # and S_OE 
# are asserted 
(low), S-BUS output buffers will 
drive S-BUS D-Latch data to the respective 
S-BUS pins. When either 
MOE # or S_OE 
# switch to their deasserted 
(high) state, the S-BUS 
drivers will transition 
to a high-Z state. 


SB_OE# 
1 
I 
S-BUS to B-BUS Output Enable. This signal is used with MOE # to: 
(1) transfer 
S-BUS address data onto the EISA LA < 19 ..2> 
address 
pins and (2) make the S·BUS available 
to the inputs of the Host 
HA<19 
..2> 
D-Latches. 
When both MOE# 
and SB_OE# 
are 
asserted 
(low), the data present on the S-BUS is driven onto the 
B-BUS < 19..2> 
external 
pins. Simultaneously, 
the same data is 
presented 
to the A-BUS< 
19..2> 
D-Latch inputs. When either MOE# 
or SB_OE 
# are negated, 
S-BUS data is not available 
on the B- 
BUS < 19..2> 
pins and B-BUS data will appear on the A-BUS latch 
inputs unless B01230E 
# is asserted. 
(The external 
pins will typically 
assume a high-Z state.) 


A_LE# 
1 
I 
A-BUS Latch Enable. This signal is used to latch EISA LA < 31 ..2 > 
address data into the Host HA D-Latches. 
When LLE 
# transitions 
from asserted 
to negated 
(low to high), B-BUS data is latched into 
the A-BUS D-Latches. 
This data will remain latched until LLE 
# is 
reasserted. 


B01_LE# 
1 
I 
B01 and B1 Latch Enable. This signal is used to control 
the latching 
of AO and A 1 bus groups to the BO and B1 bus groups respectively. 
On the asserted 
to negated 
(low to high) transition, 
data present at 
the latch inputs will be latched onto the latch output. 


B23_LE# 
1 
I 
B2 and B3 Latch Enable. This signal is used to control 
the latching 
of 
A2 and A3 bus groups to the B2 and B3 bus groups respectively. 
On 
the asserted 
to negated 
(low to high) transition, 
data present 
at the 
latch inputs will be latched onto the latch output. 


S_LE# 
1 
I 
S·BUS Latch Enable. This signal is used to latch EISA LA < 19 ..2> 
address data into the EISA SA D-Latches. 
When S_LE 
# transitions 
from asserted 
to negated 
(low to high), B-BUS data is latched 
into 
the S-BUS D-Latches. 
This data will remain latched until S_LE 
# is 
reasserted. 


SLEW 
1 
I 
Output Buffer Slew Rate Control. This signal will provide slew rate 
control 
for all external output buffers used in the EBB. When this 
signal is negated 
(low), all output buffers will switch at their non- 
compensated 
slew rate. When this signal is asserted 
(high), the 
output buffers will switch at a slower (> 2 ns) slew rate. 
NOTE: 
When the Slew signal is asserted 
(high), add 1.5 ns to all A.C. 


timings. 


MODE<1 
..0> 
2 
I 
Operating 
Mode Pins. These signals determine 
the mode of 
operation 
for the EBB. They are intended 
to be hardwired 
to the 
proper value. Operating 
mode determination: 
Mode<1 
> 
Mode<O> 
Operating 
Mode 
L 
L 
32-Bit Wide Data Mode w/o 
Parity 
L 
H 
32-Bit Wide Data Mode with Parity 
H 
L 
RESERVED 
#H 
H 
EISA Address 
Mode 


- 
# Mode described 
in this section 


• 


in+_r 


5.2.1 MAXIMUM 
RATINGS 


",u"v" V" ,,"'•• l"UUUla" III ~rJOUell6'tf. rfl'~gpElc'i\ICa~ 
tions are subject to change without notice. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings only. Operation 
beyond 
the 
"Operating 
Conditions" 
is not recommended 
and ex- 


tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


Temperature 
Under Bias 
0° to + 70°C 


Storage Temperature 
- 65°C to + 150°C 


Supply Voltage 
with Respect 
to Ground 
- 0.5V to + 7V 


Voltage 
on Any Pin 
-0.5V 
to + 7V 


5.2.2 D.C. SPECIFICATION 
TABLE 


The following 
is a table of load capacitances, 
input voltage 
levels, current 
levels, and input leakage 
currents. 


TA = O°C to + 70°C, Vee = 5V ±5%, 
Ice Max = 115 mA 


Signal Name 
Pins 
Type 
IOLMax 
IOHMax 
II Max 
V.Max 
VHMin 
CIN 
CLOAD 
(mA) 
(mA) 
p..A 
(V) 
(V) 
(pF) 
(pF) 


A-BUS 
30 
B 
12 
-3 
10 
0.8/0.5 
2.0/2.4 
27 
100 
B-BUS 
30 
HCB 
24 
-3 
10 
0.8/0.5 
2.0/2.4 
27 
240 
S-BUS 
18 
HCB 
24 
-3 
10 
0.8/0.5 
2.0/2.4 
27 
240 
MOE# 
1 
I 
N/A 
N/A 
10 
0.8 
2.0 
27 
N/A 
~OE# 
1 
I 
N/A 
N/A 
10 
0.8 
2.0 
27 
N/A 
AB3_0E# 
1 
I 
N/A 
N/A 
10 
0.8 
2.0 
27 
N/A 
AB0120E# 
1 
I 
N/A 
N/A 
10 
0.8 
2.0 
27 
N/A 
SB_OE# 
1 
I 
N/A 
N/A 
10 
0.8 
2.0 
27 
N/A 
S_OE# 
1 
I 
N/A 
N/A 
10 
0.8 
2.0 
27 
N/A 
B01_LE# 
1 
I 
N/A 
N/A 
10 
0.8 
2.0 
27 
N/A 
B23_LE# 
1 
I 
N/A 
N/A 
10 
0.8 
2.0 
27 
N/A 
~LE# 
1 
I 
N/A 
N/A 
10 
0.8 
2.0 
27 
N/A 
S_LE# 
1 
I 
N/A 
N/A 
10 
0.8 
2.0 
27 
N/A 
MODE<1 
..0> 
2 
I 
N/A 
N/A 
10 
0.8 
2.0 
27 
N/A 


NOTES: 
1. II Max = III for inputs, ILa for outputs (or I/O). 
2. VI Max = VIL for inputs, VILIVOL for I/O. 
3. VH Min = VIH for inputs, VIHIVOH for I/O. 
4. VIN for leakage = 0.45V to Vcc. 
5. VOL is tested while sinking IOL (24 mAl· 
6. VOH is tested while sourcing IOH (-3 
mAl. 


5.3 A.C. Specifications 


5.3.1 A.C. SPECIFICATION 
TABLE 


Parameter 
From 
To 
Waveform 
Parameter 
Value 
CL Loading 


tpLH or tpHL 
A-BUS 
B-BUS 
1,2 
15.00 ns Max 
240 pF 


tpLH or tpHL 
A-BUS 
S-BUS 
2 
15.00 ns Max 
240 pF 


tpLH or tpHL 
B-BUS 
A-BUS 
1,2 
15.00 ns Max 
100 pF 


tpLH or tpHL 
B-BUS 
S-BUS 
2 
15.00 ns Max 
240 pF 


tpLH or tpHL 
S-BUS 
A-BUS 
2 
15.00 ns Max 
100 pF 


tpLH or tpHL 
S-BUS 
B-BUS 
2 
15.00 ns Max 
240 pF 


inter 


Parameter 
From 
To 
Waveform 
Parameter 
Value 
CL Loading 


tpLH or tpHL 
LE# 
A-BUS 
1,2 
15.00 ns Max 
100 pF 


tpLH or tpHL 
LE# 
B-BUS 
1,2 
15.00 ns Max 
240 pF 


tpLH or tpHL 
LE# 
S-BUS 
1,2 
15.00 ns Max 
240 pF 


tpZH or tpZL 
OE#/MOE# 
A-BUS 
3,4 
15.00 ns Max 
100 pF 


tpHZ or tpLZ 
OE#/MOE# 
A-BUS 
3,4 
15.00 ns Max 
100 pF 


tpZH or tpZL 
OE#/MOE# 
B-BUS 
3,4 
15.00 ns Max 
240 pF 


tpHZ or tpLZ 
OE#/MOE# 
B-BUS 
3,4 
15.00 ns Max 
240 pF 


tpZH or tpZL 
OE#/MOE# 
S-BUS 
3,4 
15.00 ns Max 
240 pF 


tpHZ ortpLZ 
OE#/MOE# 
S-BUS 
3,4 
15.00 ns Max 
240 pF 


tsu 
AlB/S-BUS 
Data before LE 
5 
3.50 ns Min 


tH 
5 
3.50 ns Min 


tw 
All LE# 
Pulse Width (Low) 
5 
4.00 ns Min 


NOTES: 
1. Increase 
the above 
AC 
timings 
by a maximum 
of 1.5 ns when 
the slew rate control 
pin is asserted 
high. 
2. The 
EBB outputs 
driving 
the 
EISA 
bus, identified 
by a 240 
pF load, 
are guaranteed 
using 
a distributed 
load 
(refer 
to 
Section 
10.0). 


::=:)(-T8st pOints-)C 


290254-20 
AC. 
Testing: 
Inputs are driven at 3V for a logic "1" 
and 
OV for a logic "0". 
A.C. Timings 
are tested 
at 1.5V. 


NOTE: 
1. The input waveforms 
have tr :5:2.5 ns from OV to 3V. 


V1N 
~ 
-E 
~-tp-LH-1- 
._-_-_-_-_-_-_-_- 
__l+tp_H_LL 


Your 
T 


OEPIOEI 
~ 
-E 
j.::tPZH} 
'I+tPHZ~ 
------ 
VOH-0.3V 
A. B BUS 
'" 


290254-22 
Waveform 2. Delay for Non-Inverting Outputs 


290254-23 
Waveform 3. 3-State Output Enable Time to High 
Level and Output Disable Time from High Level 


OEI. t.40EI ~-tP-ZL-j-----{tPLZ-j 


A.BBUS 
~ .••• 
~V 


290254-24 
Waveform 4. 3-State Output Enable Time to Low 
Level and Output Disable Time from Low Level 


NOTE: 
All A.C. timings 
are referenced 
to 1.5V unless 
otherwise 
stated. 
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The 
following 
table 
indentifies 
the 
signals 
required 
for the 
EBB to operate 
in its EISA Address 
Mode 
of 


operation. 


Signal Name 
No. of 
Signal 
Pins 
Type 


A-BUS 
31 
I/O 


B-BUS 
31 
I/O 


S-BUS 
18 
I/O 


MOE# 
1 
I 


~OE# 
1 
I 


AB3_0E# 
1 
I 


B0120E# 
1 
I 


S_OE# 
1 
I 


SB_OE# 
1 
I 


~LE# 
1 
I 


B01_LE# 
1 
I 


B23_LE# 
1 
I 


Signal Name 
No. of 
Signal 


Pins 
Type 


S_LE# 
1 
I 


SLEW 
1 
I 


MODE<1 
..0> 
2 
I 


GND 
14 
Ground 


Vcc 
7 
Power 


N/C 
6 


120 


Pin Summary: 
91 
Signals 
21 
Power & Ground 
8 
Reserved 


~~~~ 
~~:! 
~~::~g 
:g~8:g~~~o 
g:::~~~ 
;;~~;; 
--------------------- 
90 


89 
o 
M 
87 
802 
'0 , 
40 , 


404 
40 , 


40 • 


H/C 


GHO 


5_0EI 
410 


411 
412 


41' 
41. 
41' 


41' 


'"'0 
417 


H/C 
420 
4" 


422 
4" 
42. 
4" 
(OND 
29 


eND 
30 


;;;~~;:!;~~:;; 
~~~ 
:;~~:: 
~ ~~~ 
!:;~;; :;:::;::~~:::;:;::~ g 


32-81T 
DATA 


EISA 
ADDRESS 


NOTE: 
For all "N/C" 
pins, use an 8.2k pullup 
resistor. 


Figure 10. 120-Pin Package 
Pinout 


1-417 


int_r 


6.1 A-BUS Output Buffer Contention 
(16-Bit Host Application) 


The 
A-BUS 
is 
capable 
of 
continuous 
operation 
where 
AO is wired 
to A2, and A 1 is wired 
to A3. 
When 
alternating 
between 
driving 
from 
AO and A 1 
and from A2 and A3 respectively, 
one output enable 
is allowed 
to assert 
5 ns before 
the 
other 
output 
enable 
negates, 
at a 4 MHz rate. 


6.2 B-BUS Output Buffer Contention 
(B-Bus to B-Bus re-drive) 


The B-Bus is capable 
of continuous 
execution 
of the 
data-latch 
and re-drive 
cycles. 
For re-drive 
cycles, 
the EBB is capable 
of securing 
data from the B-Bus 
and then 
re-driving 
it back 
onto 
the 
B-Bus without 
glitching, 
while 
the 
original 
data 
is still driving 
the 
B-Bus. This capture 
and re-drive is accomplished 
by 
allowing 
the 
data 
to 
flow 
from 
the 
B-Bus 
to 
the 
A-Bus and, once the A-Bus has settled, 
open the A 
to B latch 
and assert 
the A to B output 
enable. 
In 
continuous 
operation 
the overlap 
time with the origi- 
nal data driver will have a 17% duty cycle. 


For copy 
cases, 
the data 
is latched 
in the source 
byte lane and the copy enable 
is asserted 
both be- 
fore and after the re-drive. No latching 
is done in the 
destination 
byte lanes. 


/D)fO) ~ 
n nr.V:1OM 
RI roI'M 


AO_DEN 
I 
\ 


1--5--1 
1--5--1 


ALDEN \ 
I 


ALOEN 
I 
\ 


1--5--1 
1--5--1 


A3_DEN \ 
I 


AO DRIVE 
~ 
A2 DRIVE 
~ 
AO DRIVE 


A1 DRIVE 
~ 
A3 DRIVE 
~ 
A1 DRIVE 
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Example: 


EISA <7:0> 


Figure 11. Alternating 
between 
Driving from AO 
and A 1 and from A2 and A3 


Pin 
Mode 0 
Mode 1 
Mode 3 
32-Bit Data 
32-Bit Data 
No. 
w/o 
Parity 
with Parity 
Address 


1 
Vcc 
Vcc 
Vcc 


2 
Vcc 
Vcc 
Vcc 
3 
AO 
0 
AO 
0 
AO 
0 
4 
AO 
1 
AO 
1 
AO 
1 
5 
AO 
2 
AO 
2 
AO 
2 
6 
AO 
3 
AO 
3 
AO 
3 
7 
AO 
4 
AO 
4 
AO 
4 
8 
AO 
5 
AO 
5 
AO 
5 
9 
AO 
6 
AO 
6 
AO 
6 
10 
AO 
7 
AO 
7 
N/C 


11 
GND 
GND 
GND 
12 
N/C 
PARITY 
0 
S_OE# 
13 
A1 
0 
A1 
0 
A1 
0 
14 
A1 
1 
A1 
1 
A1 
1 
15 
A1 
2 
A1 
2 
A1 
2 
16 
A1 
3 
A1 
3 
A1 
3 
17 
A1 
4 
A1 
4 
A1 
4 
18 
A1 
5 
A1 
5 
A1 
5 
19 
A1 
6 
A1 
6 
A1 
6 
20 
GND 
GND 
GND 


21 
A1 
7 
A1 
7 
A1 
7 
22 
N/C 
PARITY 
1 
N/C 
23 
A2 
0 
A2 
0 
A2 
0 
24 
A2 
1 
A2 
1 
A2 
1 
25 
A2 
2 
A2 
2 
A2 
2 
26 
A2 
3 
A2 
3 
A2 
3 
27 
A2 
4 
A2 
4 
A2 
4 
28 
A2 
5 
A2 
5 
A2 
5 
29 
GND 
GND 
GND 
30 
GND 
GND 
GND 


31 
Vcc 
Vcc 
Vcc 
32 
A2 
6 
A2 
6 
A2 
6 
33 
A2 
7 
A2 
7 
A2 
7 
34 
N/C 
PARITY 
2 
N/C 
35 
A3 
0 
A3 
0 
A3 
0 
36 
A3 
1 
A3 
1 
A3 
1 
37 
A3 
2 
A3 
2 
A3 
2 
38 
A3 
3 
A3 
3 
A3 
3 
39 
A3 
4 
A3 
4 
A3 
4 
40 
A3 
5 
A3 
5 
A3 
5 


41 
GND 
GND 
GND 
42 
A3 
6 
A3 
6 
A3 '6 
43 
A3 
7 
A3 
7 
A3 
7 
44 
N/C 
PARITY 
3 
N/C 
45 
MODE 
0 
MODE 
0 
MODE 
0 
46 
Vcc 
Vcc 
Vcc 
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Pin 
Mode 0 
Mode 1 
Mode 3 
No. 
32-Bit Data 
32-Bit Data 
Address 
w/o 
Parity 
with Parity 


47 
MODE 
1 
MODE 
1 
MODE 
1 
48 
N/C 
PE# 
3 
N/C 
49 
83 
7 
83 
7 
83 
7 
50 
83 
6 
83 
6 
83 
6 


51 
GND 
GND 
GND 
52 
83 
5 
83 
5 
83 
5 
53 
83 
4 
83 
4 
83 
4 
54 
83,3 
83 
3 
83 
3 
55 
83 
2 
83 
2 
83 
2 
56 
83 
1 
83 
1 
83 
1 
57 
83 
0 
83 
0 
83 
0 
58 
N/C 
PE# 
2 
N/C 
59 
82 
7 
82 
7 
82 
7 
60 
GND 
GND 
GND 


61 
Vcc 
Vcc 
Vcc 
62 
Vcc 
Vcc 
Vcc 
63 
82 
6 
82 
6 
82 
6 
64 
82 
5 
82 
5 
82 
5 
65 
82 
4 
82 
4 
82 
4 
66 
82 
3 
82 
3 
82 
3 
67 
82 
2 
82 
2 
82 
2 
68 
82 
1 
82 
1 
82 
1 
69 
82 
0 
82 
0 
82 
0 
70 
N/C 
PE# 
1 
S_LE# 


71 
81 
7 
81 
7 
81 
7 
72 
GND 
GND 
GND 
73 
81 
6 
81 
6 
81 
6 
74 
81 
5 
81 
5 
81 
5 
75 
81 
4 
81 
4 
81 
4 
76 
81 
3 
81 
3 
81 
3 
77 
81 
2 
81 
2 
81 
2 
78 
81 
1 
81 
1 
81 
1 
79 
81 
0 
81 
0 
81 
0 
80 
N/C 
PE# 
0 
S8_0E# 


81 
GND 
GND 
GND 
82 
80 
7 
80 
7 
SLEW 
83 
80 
6 
80 
6 
80 
6 
84 
80 
5 
80 
5 
80 
5 
85 
80 
4 
80 
4 
80 
4 
86 
80 
3 
80 
3 
80 
3 
87 
80 
2 
80 
2 
80 
2 
88 
80 
1 
80 
1 
80 
1 
89 
80 
0 
80 
0 
80 
0 
90 
Vcc 
Vcc 
Vcc 
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Pin 
Mode 0 
Mode 1 
Mode 3 


No. 
32-Bit Data 
32-Bit Data 
Address 
w/o 
Parity 
with Parity 


91 
GND 
GND 
GND 
92 
GND 
GND 
GND 


93 
8LEW 
8LEW 
82 
2 
94 
N/C 
PE_8UM# 
82 
1 
95 
B13CPYE# 
B13CPYE# 
82 
0 
96 
B03CPYE# 
B03CPYE# 
81 
7 
97 
B02CPYE# 
B02CPYE# 
81 
6 


98 
B01CPYE# 
B01CPYE# 
81 
5 


99 
A3_LE 
A3_LEH 
81 
4 


100 
N/C 
N/C 
81 
3 


101 
GND 
GND 
GND 


102 
N/C 
N/C 
81 
2 
103 
B01_LE# 
B01_LE# 
B01_LE# 


104 
B23_LE# 
B23_LE# 
B23_LE# 
105 
MOE# 
MOE# 
MOE# 


106 
AB3_0E# 
AB3_0E# 
AB3_0E# 


107 
AB2_0E# 
AB2_0E# 
B0120E# 
108 
A3_0E# 
A3_0E# 
~OE# 
109 
~LE# 
~LE# 
~LE# 
110 
CPY_DN# 
CPY_DN# 
81 
1 


111 
GND 
GND 
GND 
112 
AB1_0E# 
AB1_0E# 
81 
0 


113 
ABO_OE# 
ABO_OE# 
80 
6 
114 
A2_0E# 
A2_0E# 
80 
5 
115 
A2_LE# 
A2_LEH 


r 
80 
4 


116 
A1_0E# 
A1_0E# 
80 
3 
117 
A1_LE# 
A1_LEH 
80 
2 
118 
AO_OE# 
AO_OE# 
80 
1 


119 
AO_LE# 
AO_LEH 
80 
0 
120 
GND 
GND 
GND 


NOTE: 
For all "N/C" 
pins. use an 8.2k pullup 
resistor. 


28.2 
t.lAX 


27.61 
t.lIN 


31.6 
32.5 


~"'" 
-I 
0.20 
I 
[0 
t.lIN 
"1 
1.11 


~"" 
1.70 


NOTE: 
t.lETRIC 
VALUES 
SHOWN 


9.0 
82352 
PACKAGE 
THERMAL 
CHARACTERISTICS 


Air Flow Rate (Ft/Min) 


100 
250 


48.9 
41.9 


500 


34.3 
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Transmission line parameters: 
Z ~ 600 
L ~ 
Length 
in inches 
D = 1 ns/6' 


NOTE: 
Each load represents 
two TIL 
loads. 


11.0 FREQUENTLY 
USED ABBREVIATIONS 


I 
Input Pin 
o 
Output Pin 


B 
Bidirectional Pin 


HCB 
High Current Bidirectional Pin 


EBB 
EISA Bus Buffer 


ISA 
Industry Standard Architecture 


EISA 
Enhanced Industry Standard Architecture 


QFP 
Quad Flat Pack 


• 


82355 
BUS MASTER INTERFACE CONTROLLER 
(BMIC) 


• 
Designed for use in 32-Bit EISA Bus 
Master Expansion Board Designs 
-Integrates 
Three Interfaces 
(EISA, Local CPU, and Transfer 
Buffer) 


• 
Supports 16- and 32-Bit Burst Transfers 
- 
33 Mbytes/Sec 
Maximum Data 
Transfers 


• 
Supports 32-Bit Non-Burst and 
Mismatched Data Size Transfers 


• 
Supports 32-Bit EISA Addressability 
(4 Gigabyte) 


• 
Two independent 
Data Transfer 
Channels with 24-Byte FIFOs 
- 
Expansion Board Timing and EISA 
Timing Operate Asynchronously 


• 
Supports Peek/Poke Operation with the 
Ability to Access Individual Locations 
in EISA Memory or 110 space 


• 
Automatically 
Handles Misaligned 
Doubleword 
Data Transfers with No 
Performance Penalty 


• 
Supports Automatic 
Handling of 
Complete EISA Bus Master Protocol 
- 
EISA Arbitration/Preemption 
- 
Cycle Timing and Execution 


- 
Byte Alignment 
- 
1K Boundary Detection 


• 
Supports Local Data Transfer Protocol 
Similar to Traditional 
DMA 


• 
Supports a General Purpose Command 
and Status Interface 
- 
Local and EISA System Interrupt 
Support 
- 
General Purpose Information 
Transfers 
- 
Set-and- Test-Functions 
in 110 Space 
(Semaphore Function) 
- 
Supports the EISA Expansion Board 
10 Function 


• 
Supports Decode of Slot Specific and 
General 110 Addresses 


• 
132-Pin JEDEC PQFP Package 
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The 82355 Bus Master Interface 
Controller 
(BMIC) is 
a highly integrated 
Bus Master 
designed 
for use in 
32-Bit 
EISA 
Bus 
Master 
expansion 
board 
designs 
and supports 
all of the enhancements 
defined 
in the 
EISA specifications 
required for EISA bus master ap- 
plications. 
The BMIC provides 
a simple, yet, power- 
ful and flexible 
interface 
between 
the functions 
on 
the 
expansion 
board 
and 
the 
EISA 
bus. With 
the 
help of external 
buffer 
devices, 
the BMIC' provides 
all EISA control, 
address, 
and data signals 
neces- 
sary to interface 
to the EISA bus. 


The primary 
function 
of the 82355 
is to support 
16- 
and 32-bit burst data transfers 
between 
functions 
on 
the EISA expansion 
board 
and the EISA bus. Data 
transfer 
rates of up to 33 Mbytes/sec 
are supported 
(the fastest 
transfer 
rate available 
on an EISA bus). 
The following 
logic on the 
BMIC supports 
efficient 
burst transfers: 


• 
Arbitration 
logic, for gaining 
control 
of the EISA 
bus 


• 
Two transfer-address 
and byte counters 


• 
Two 
data 
FIFOs, 
which 
allow 
expansion 
board 
and EISA bus timing to operate 
asynchronously 


• 
Data 
shifters, 
which 
align 
data 
to specific 
byte 
boundaries 


• 
A transfer 
buffer 
interface, 
for the data transfers 
on the expansion 
board 


• 
General-purpose 
command 
and status 
interface 
logic 


• 
Local processor 
interface, 
to allow programming 
by an on-board 
processor 


• 
EISA 
slave 
interface, 
to 
allow 
communication 
with the EISA system 


The BMIC greatly 
simplifies 
the design 
of EISA ex- 


pansion 
boards. With the 82355, 
a board can be im- 
plemented 
with simple 
logic similar 
to that 
used in 
traditional 
ISA DMA designs. 
The EISA standard 
al- 


lows 
designs 
with 
32-bit 
data 
and 
address 
buses, 
burst 
transfers, 
and automatic 
handling 
of the full 
EISA bus master 
protocol. 


To maximize 
system 
throughput, 
the 
82355 
BMIC 
incorporates 
three fully concurrent 
interfaces: 
EISA 
interface, 
Transfer 
Buffer interface, 
and Local Proc- 


essor interface. 
The EISA interface 
incorporates 
two 
24-byte 
FIFOs. and implements 
the full EISA proto- 
col. The 
Transfer 
Buffer 
interface 
is optimized 
for 
high speed static RAM buffers, 
and can operate 
at a 
maximum 
frequency 
of 20 MHz. The Local Proces- 
sor interface 
supports 
a generic 
slave interface, 
and 
allows the local processor 
to fully program 
the BMIC 
for operation. 
Local 
processors 
are supported 
with 
the ability 
to access 
individual 
locations 
in system 
memory 
or I/O 
space; 
this 
peek-and-poke 
feature 
allows 
the expansion 
board 
to communicate 
easily 
with other devices 
in the system. All three interfaces 
can operate 
simultaneously, 
thus maximizing 
overall 
system 
performance. 


Address-generation 
support 
for 
the 
data 
transfer 
buffer 
logic on the expansion 
board 
is provided 
on- 
chip. The transfer 
logic on the expansion 
board can 
use a high-speed 
asynchronous 
transfer 
clock. 
The 
BMIC handles 
all synchronization 
with the EISA bus. 


A 
FIFO 
within 
the 
BMIC 
eliminates 
performance 
degradation 
on burst transfers 
caused 
by synchroni- 


zation delays. 
The BMIC also provides 
a set of pro- 
grammable 
address 
comparators 
that drive external 
chip selects 
on the expansion 
board 
to assist 
local 
devices 
in decoding 
I/O address 
ranges. 


1.0 BMIC TERMINOLOGY 
/ 
DEFINITIONS 


EISA 
BUS 
MASTER-A 
32- or 16-bit 
device 
that 
uses the extended 
part of the EISA bus to generate 
memory 
or I/O cycles. 


Downshifting 
Bus Master-A 
"downshifting" 
mas- 
ter is a 32-bit 
master 
which 
can convert 
to a 16-bit 
master 
"on 
the fly". 
The 
BMIC will only downshift 
from 
a 
32-bit 
master 
to 
a 
16-bit 
master 
if 
pro- 
grammed 
for burst mode (refer to Section 
4.3). 


EISA 
READ-A 
data transfer 
(burst, non-burst 
(two 
BCLK), 
or mismatched) 
from 
system 
to the expan- 
sion board across one of the two transfer 
channels. 


EISA WRITE-A 
data transfer 
(burst, non-burst 
(two 
BCLK), or mismatched) 
from the expansion 
board to 
system memory across one of the two transfer 
chan- 
nels. 


1/0 ADDRESS 
DECODE 
SUPPORT-Refers 
to slot 
specific 
or general 
I/O address 
decoding. 


Slot 
Specific 
Address 
Decoding-Refers 
to the 
decoding 
of unique addresses 
allocated 
to EISA slot 
specific 
expansion 
boards. 
These 
addresses 
are: 
XOOOh-XOFFh, 
X400h-X4FFh, 
X800h-X8FFh, 
and 
XCOOh-XCFFh, 
where 
X represents 
the 
EISA 
slot 
number. 
EISA slot 
number 
"0" 
is reserved 
for the 
EISA system 
board. 


General 
1/0 Address 
Decoding-Refers 
to the de- 
coding 
of 
addresses 
allocated 
to 
ISA 
expansion 
boards. 
These 
addresses 
are: 0100h-03FFh. 


LOCAL 
PROCESSOR-A 
processor 
located 
on the 
expansion 
board. 


SYSTEM 
CPU-Processor 
located 
on the 
mother- 
board. 


SYSTEM 
MEMORY-MEMORY 
located 
on 
the 
EISA bus or motherboard. 


TRANSFER 
INTERRUPTION-A 
transfer 
interrup- 
tion is defined 
as an occurrence 
resulting 
in a break 
in a transfer 
caused 
by one of the following 
condi- 
tions: A FIFO pause, a FIFO stall, a channel 
preemp- 
tion, 
a channel 
clear 
or 
suspension, 
a 
1K page 
break, a transfer 
complete 
(EOP), ora 
transfer 
ter- 
mination 
due to the 
external 
logic 
driving 
TEOP# 
and TACK # low simultaneously. 


FIFO 
Pause-This 
is a condition 
where 
the 
EISA 
bus does 
not 
provide 
or take 
data 
at a rate 
fast 
enough 
to keep up with the expansion 
board trans- 
fer buffer logic. During an EISA read, this condition 
is 
defined 
as an empty FIFO. During an EISA write, this 
condition 
is defined 
as a full FIFO. A FIFO pause is 
considered 
a preferred 
condition 
and under 
normal 
operations 
should 
occur 
frequently. 
A FIFO 
pause 
will result in the BMIC negating TRQ# 
until the FIFO 
becomes 
not full during an EISA write or not empty 
during an EISA read. 


FIFO 
Stall-This 
is a condition 
where 
the transfer 
buffer 
logic on the expansion 
board 
does 
not pro- 
vide or take data at a rate fast enough 
to keep up 
with the EISA bus. During an EISA read, this condi- 
tion is defined 
as a full FIFO. During an EISA write, 
this condition 
is defined 
as an empty 
FIFO. 
Under 
normal 
operations, 
a FIFO stall is expected 
to be a 
rare and exceptional 
event. 
For additional 
informa- 
tion regarding 
a FIFO stall, refer to Section 
6.2. 


Channel 
Clear-A 
channel 
clear 
results 
in the im- 
mediate 
termination 
of the current 
transfer 
and the 
flushing 
of 
the 
channel's 
corresponding 
FIFO. 
A 
channel 
clear is initiated 
by setting the CFGCL bit in 
the corresponding 
channel's 
Configuration 
register 
to a 1. For additional 
information 
regarding 
channel 
clear, refer to Section 
8.2.4.2. 


Channel 
Suspension-This 
temporarily 
prevents 
a 
channel 
from proceeding 
with a transfer. 
A transfer 
can be temporarily 
suspended 
by setting the CFGSU 
bit in the corresponding 
channel's 
Configuration 
reg- 
ister to a 1. 


Channel 
Preemption-The 
BMIC can be preempt- 
ed from the EISA bus by the 82357 (ISP). The 82357 
negates 
MAK #, indicating 
to the BMIC that it must 
finish the current 
bus cycle and relinquish 
control 
of 
the EISA bus by negating 
MREQ # within 
64 BCLK 
periods. The BMIC is programmable 
to relinquish 
the 
bus within 
0, 32, or 64 BCLKs from the negation 
of 
MAK# 
(refer to Section 
4.4.2). 


1K Page 
Break-The 
temporary 
termination 
of a 
burst, 
non-burst 
(two 
BCLK), 
or mismatched 
data 
transfer 
due to a 1K page address 
boundary 
cross- 
ing (refer to Section 
4.2.2). 


Transfer 
Complete 
(EOP}-End 
of process 
due to 
the transfer 
byte count 
being exhausted 
or a chan- 
nel being 
cleared 
(channel 
clear). 
A transfer 
com- 
plete (EOP) will result in the BMIC asserting 
TEOP# 
with the last cycle (refer to Section 
5.4). 


inter 


TRANSFER 
BUFFER 
LOGIC-Logic 
located 
on the 


expansion 
board 
used to support 
the transfer 
and 


storage 
of 
data 
during 
BMIC 
EISA 
master 
mode 


transfers 
between 
the expansion 
board and system 


memory. 


The transfer 
buffer 
logic 
interfaces 
to the Transfer 


Buffer interface 
of the BMIC. Refer to Section 
5.2 for 


additional 
information 
regarding 
transfer 
buffer logic. 
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The following 
is a brief discussion 
of the functional 
blocks 
and features 
of the 82355. 
The EISA inter- 
face, 
Transfer 
Buffer 
interface, 
FIFO/Data 
Aligner, 


and Local interface 
each have a corresponding 
de- 
tailed section 
later in this data sheet. 


3.1 
EISA Master and EISA Slave 
Operations 


In EISA slave 
mode, 
the 82355 
monitors 
the EISA 
address 
lines < 11:2> 
for general 
I/O 
address 
de- 
coding, 
slot-specific 
address 
decoding, 
and Shared 
register 
accessing. 
During 
slave 
mode 
operations, 
all internal 
registers 
are accessible 
through 
the Lo- 
cal Processor 
interface, 
and all Shared 
registers 
are 
accessible 
through 
either the Local Processor 
inter- 
face or the EISA interface 
of the BMIC. 


In EISA master mode, the 82355 becomes 
the mas- 
ter of the EISA bus. It may perform 
burst, non-burst 
(two BCLK), mismatched, 
or Peek/Poke 
data trans- 
fers at this time. During master mode operations, 
all 
internal 
registers 
are accessible 
through 
the 
Local 
Processor 
interface 
of the BMIC. 


The 
arbiter 
portion 
of the 
BMIC 
determines 
which 
mode the device is in, performs 
the EISA arbitration, 
and provides 
the control 
signals 
necessary 
to regu- 
late the slave 
and 
master 
activities 
internal 
to the 
chip. 
In slave 
mode, 
the arbiter 
also 
mediates 
be- 
tween 
the 
EISA 
side 
and 
the 
local 
side 
during 
Shared 
register 
accesses. 


The following 
is a table of the functions 
that can be 
performed 
during master 
and slave operations: 


LocalCPU 
EISA I/O 
Shared Reg. 
Only Reg. 
Address 
Data 
Accessing 
Accessing 
Decoding 
Transfers 
EISA 
YES(1,2) 
YES 
YES 
NO 
Slave Mode 
EISA 
YES (2) 
YES 
NO 
YES 


Master Mode 


NOTE: 
Shared 
Reg. Accessing 
refers 
to the registers 
that are ac- 
cessible 
through 
either the EISA interface 
or Local 
Proces- 
sor interface. 
Local 
Processor 
Only 
Reg. 
Accessing 
refers 
to the reg- 


isters 
that 
are accessible 
through 
the 
Local 
Processor 
in- 
terface 
only. 
EISA 
1/0 
Address 
Decoding 
refers 
to either 
general 
or 
slot specific 
I/O decoding 
support 
for the expansion 
board. 


Data Transfers 
refer to either burst, non-burst 
(two BCLK), 


mismatched, 
or peek/poke 
data transfers. 
YES 
= Can Be Performed 
NO 
= Can Not Be Performed 
1 
= EISA interface 
2 
= Local 
interface 


The 82355 contains 
four blocks of control 
logic. The 
EISA 
interface 
block, 
Transfer 
Buffer 
interface 
block, FIFO/Data 
Aligner 
block, and the Local Proc- 


essor interface 
block. 


The 
EISA 
interface 
block 
provides 
the 
following 
functions: 


generates 
the 32-bit EISA address for burst, non- 
burst (two BCLK), and peek/poke 
data transfers 


generates 
the EISA control 
signals 
necessary 
to 
implement 
an EISA 16-bit or 32-bit 
bus master, 
and a 32-bit EISA slave 


- 
generates 
the control 
signals 
necessary 
to en- 


able and disable 
the external 
buffer devices 


- 
performs 
the 
EISA arbitration 
and provides 
the 


. internal 
control 
signals 
required 
to regulate 
the 
slave and master 'activities 
of the BMIC 


- 
integrates 
the registers 
necessary 
for the above 
operations 
as well 
as the 
registers 
required 
to 
provide 
the configuration 
and status 
of the data 
transfers 
between 
the EISA bus and the memory 


buffer on the expansion 
board 


The EISA memory 
address 
range of the 82355 cov- 


ers the 4 Gigabytes 
and supports 
the detection 
of 
1K page address 
boundaries 
during burst, non-burst 


(two 
BCLK), 
and 
mismatched 
data 
cycles 
to 
and 
from system 
memory. 


During slave mode, the EISA interface 
also supports 
slot specific and general 
I/O address decode 
neces- 


sary for Shared 
registers 
accesses 
and general 
de- 


code 
as 
required 
by 
the 
expansion 
board. 
The 
shared 
register 
addresses 
are mapped 
into the slot 
specific 
I/O range (C80h-C9Fh). 


The EISA interface 
block contains 
43 registers 
nec- 


essary 
to execute 
the above 
functions. 
A detailed 
description 
of the registers 
and their functions 
can 
be found under Register 
Description 
(Section 
8.2). 


The 
Transfer 
Buffer 
interface 
block 
provides 
the 
group 
of signals 
that are required 
to perform 
16-bit 
data transfers 
to and from the memory 
buffer on the 
expansion 
board. The protocol 
used is similar to that 
found 
in standard 
DMA 
designs. 
The 
interface 
in- 
cludes 
a 16-bit data bus (TDAT), 
seven 
control 
sig- 
nals and a transfer 
clock (TCLK). The transfer 
clock 
can run completely 
asynchronous 
to the EISA BCLK 
signal. 


inter 


The Transfer 
Buffer interface 
block also provides 
a 
16-bit transfer 
start 
address 
which 
is generated 
at 
the beginning 
of all new data transfers 
to and from 
the memory 
buffer 
on the expansion 
board. The 16 
TDA T data lines are used to transfer 
the address. 


The 
Transfer 
Buffer 
interface 
block 
contains 
eight 
registers. 
A detailed 
description 
of the registers 
and 
their functions 
can be found under Register 
Descrip- 
tion (Section 
8.2). 


The FIFO/Data 
Aligner 
block is used to isolate 
and 
simplify 
the timing 
relationships 
between 
the 
EISA 
bus and the bus master 
expansion 
board. 
This al- 
lows the transfer 
buffer logic and EISA bus timing to 
operate 
asynchronously. 
The 
FIFO 
provides 
the 
data channel 
between 
the EISA bus and the expan- 
sion board 
during 
BMIC master 
data transfers 
and 
the 
Data 
Aligner 
provides 
the 
byte 
alignment 
and 
assembly 
necessary 
for the EISA bus. 


There 
are two 
dual-port 
six doubleword 
wide 
(24 
byte) FIFOs on-board, 
one per transfer 
channel. 
The 
data 
is written 
into the 
FIFO from 
either 
the 
EISA 
bus side or the expansion 
board side, depending 
on 
the direction 
of the transfer. 
The transfer 
direction 
is 
controlled 
by a bit in the Transfer 
Base Count regis- 
ter set. 


The Local Processor 
interface 
block provides 
the in- 
terface 
between 
the BMIC and the local processor. 


If a local 
processor 
is not present, 
the 
processor 
interface 
can be connected 
to the ISA bus. The Lo- 
cal Processor 
interface 
block 
is based 
on an 8086 
style slave mode and provides 
an 8-bit data path for 
BMIC programming. 
All of the BMICs internal 
regis- 
ters are accessible 
through 
this interface. 


The 
Local 
Processor 
interface 
block 
a group 
of 
Shared 
registers 
used 
to support 
general-purpose 
command 
and status 
interactions 
between 
the sys- 
tem CPU or EISA bus master 
and the local proces- 
sor. In addition to the command/status 
registers, 
the 
CPU interface 
includes 
a set of ID registers 
for EISA 
expansion 
board ID support, 
and a set of Peek/Poke 
data 
registers 
used to hold the data during 
peek/ 
poke operations. 


The local interface 
portion of the BMIC also contains 
three 
8-bit 
registers 
which 
are 
used 
by the 
local 
processor 
to access 
all of the BMICs internal 
regis- 
ters. These registers 
are mapped 
into the local proc- 
essor 
interface 
and include 
a local 
status 
register, 
local data register, and a local index register (refer to 
Section 
3.2.6.1). 


The Local Processor 
block 
contains 
31 registers. 
A 
detailed 
description 
of 'the registers 
and their func- 
tions can be found under Register 
Description 
(Sec- 
tions 8.1 and 8.2). 


The BMIC supports 
four types 
of data transfers 
on 
the EISA bus: Burst, 
non-burst 
(two 
BCLK), 
peek/ 
poke or locked 
exchange, 
and mismatched. 
For all 
of the above transfer 
types, the addressed 
slave de- 
vice 
can 
negate 
EXRDY 
if wait 
state 
timing 
is re- 
quired (each wait state is one BCLK). 


The primary 
function 
of the BMIC is to support 
16- 
and 32-bit burst data transfers 
between 
functions 
on 
the expansion 
board 
and the 
EISA memory. 
If the 
addressed 
memory 
is 
not 
capable 
of 
supporting 
burst transfers, 
the BMIC will run either 
32-bit 
non- 
burst (two BCLK) cycles 
or, with the support 
of the 
82358 EISA bus controller, 
run mismatched 
data cy- 
cles. 


The 
Burst 
cycle 
type 
provides 
a continuous 
se- 
quence 
of one 
BCLK 
read 
or write 
cycles 
to and 
from 
16- or 32-bit 
EISA memory. 
Burst cycles 
can 
not be used with I/O devices 
or ISA devices 
(slave 
or masters) 
(refer to Section 
4.3). 


The non-burst 
cycle type provides 
a continuous 
se- 
quence 
of two BCLK read or write transfers 
to and 
from 
32-bit 
EISA 
memory. 
The 
BMIC 
will only 
re- 
spond 
as a 32-bit 
master 
when 
configured 
for two 
BCLK transfers 
(refer to Section 
4.3). 


The peek/poke 
and locked exchange 
feature 
allows 
local processor 
accesses 
to and from individual 
I/O 
space or system memory 
locations 
on the EISA bus. 
The BMIC responds 
as a 32-bit 
master 
and gener- 
ates 
two 
BCLK 
cycles 
when 
configured 
for peek/ 
poke 
transfers 
(refer 
to Section 
4.4). A locked 
ex- 
change 
transfer 
consists 
of six 
BCLKs 
(peek 
fol- 
lowed by a poke). A peek/poke 
data transfer 
has the 
same timings 
as a non-burst 
(two BCLK) data trans- 
fer. 


The 
mismatched 
cycle 
type 
provides 
a means 
of 
communicating 
with 8- or 16-bit EISA or ISA devices. 


In the event 
the 
I/O 
or memory 
slave 
device 
that 
has been addressed 
requires a data size translation, 


the BMIC will back-off 
the bus and allow the 82358 
EISA Bus Controller 
to perform 
the necessary 
data 
size translations 
(refer to Section 
4.3). The BMIC will 
generate 
mismatched 
cycles as required 
for all data 
transfers 
(burst, non-burst, 
peek, poke, or locked-ex- 
change). 


The following 
table 
identifies 
the BMIC cycle types, 
master sizes, slave types accessable 
(memory-I/O), 
and BCLKs per cycle. 
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Transfer 
BMIC 
Slave Type 
BCLKs 


Type 
Master Size 
Accessible 
per 


16-Bit 32-Bit 1/0 Memory 
Cycle 


Burst 
X 
X 
X 
1 


Mismatched 
X 
X 
· 
Non-Burst 
X 
X 
2 
Mismatched 
X 
X 
· 
Peek/Poke 
X 
X 
X 
2 
Mismatched 
X 
X 
X 
· 
Locked Exchange 
X 
X 
X 
6 
Mismatched 
X 
X 
X 
· 


'Depends 
on slave type/size 
(EISA/ISA, 
I/O/Memory, 
8-bit! 16-bit) 


For all of the above 
transfer 
types, 
the addressed 
slave device 
can negate 
EXRDY 
if wait-state 
timing 
is required 
(each wait-state 
is one BCLK). 


The BMIC provides 
three distinct groups of registers; 
the Shared 
register 
set, the 
Local 
Processor 
Only 
register 
set, and the Index register 
set. The Shared 
register 
set is used by the system 
CPU or EISA bus 
master 
and the local processor 
for general-purpose 
command 
and 
status 
interactions 
and 
expansion 
board 
10 support. 
The 
Local 
Processor 
only regis- 
ters are used by the local processor 
to program 
the 
BMIC and provide 
status 
for data transfers 
across 
the EISA bus and Transfer 
Buffer interface. 
The Lo- 
cal "Processor 
Only 
register 
set also 
provides 
ad- 
dress 
range 
decode 
support 
for 
slot 
specific 
and 
general 
I/O address 
ranges of interest 
to the expan- 
sion 
board. 
The 
Index 
register 
set is used 
by the 
local processor 
as a means 
of accessing 
all of the 
above 
registers 
through 
an indexing 
scheme. 


The Shared 
register 
set is accessible 
through 
either 
the EISA interface 
or the Local Processor 
interface, 
the 
remaining 
two 
register 
sets 
are 
accessible 
through 
the 
Local 
Processor 
interface 
only. 
In the 
case 
of contention 
between 
the EISA bus and the 
local processor 
accessing 
a Shared register simulta- 
neously, the local processor 
on the expansion 
board 
will have priority. 


3.2.6.1 
Register 
Accessing 
through 
the Local 
Processor 
Interface 


Register 
accessing 
on the local side of the BMIC is 
accomplished 
using an indexing 
procedure. 
The lo- 
cal interface 
portion 
of the BMIC contains 
two 8-bit 
registers 
which 
are used by the local processor 
to 
access 
all of the 
BMIC's 
internal 
registers. 
These 
registers 
are mapped 
into the Local Processor 
inter- 


face 
and 
include 
a local 
data 
register 
and a local 
index register. 
The registers 
are selected 
using the 


two local address 
lines (LADS < 1:0». 
The BMIC's 
internal 
register 
set is read by writing the address 
of 
the register 
to be accessed 
into the local index reg- 
ister. The 
register 
contents 
are thEm read 
through 
the 
Local 
Data 
register. 
To 
write 
to 
one 
of 
the 
BMIC's 
internal 
regisiers, 
the Jocal 
processor 
must 
first write the address 
of the register to be accessed 
into the local 
index register, 
same 
as a read, then 
write the new data value to the Local Data register. 


An optional 
auto-increment 
mode 
is supported 
by 
the BMIC, which automatically 
increments 
the index 
register 
after each register 
read or write. This allows 
• 
for efficient 
programming 
of the register 
set by using 
byte string moves. If the Local Index register 
is given 
a local index address 
with bit (7) set high, the local 
index 
address 
will 
automatically 
increment 
every 
time the Local Data register 
is read or written. 


The Local Status/Control 
register is directly 
mapped 
into the Local Processor 
interface 
and is also acces- 
sible using the two address 
lines (LADS < 1:0> ). 


3.2.6.2 
Register 
Accessing 
through 
the EISA 
Interface 


The 
shared 
registers 
are mapped-directly 
into the 
EISA slot-specific 
I/O space XC80-XC9F. 
The EISA 
address 'lines < 11:2> 
and the byte enables 
<3:0 > 


are used for decode 
during shared 
register 
access- 
es. 


A standard 
slave read or write access 
to the BMIC 
consists 
of two BCLKs + one wait-state 
(one wait- 


state 
= one 
BCLK 
period). 
During 
a slave 
cycle 
where 
the 
EISA access 
loses 
the 
internal 
register 
access 
through 
arbitration 
to the 
local 
processor, 


the 
cycle 
will 
consist 
of two 
BCLKs + two 
wait- 
states, The BMIC will negate 
EXRDY for one BCLK 
for each wait-state 
required. 


The BMIC provides 
two interrupt 
request 
lines, one 
for the EISA side (EINT), and one for the local side 
(LINT). 
The 
EISA 
interrupt 
(EINT) 
can 'be 
pro- 
grammed 
for either 
edge 
or level-triggered 
opera- 
tions. 
During 
edge-triggered 
operations 
the 
EINT 
signal will transition 
from a low level to a high level. 


in level-triggered 
mode, the EISA interrupt 
signal 
is 
an active 
low open collector 
output. 
The local inter- 
rupt signal (LINT) can be programmed 
for either ac- 


tive low or active 
high level operations 
and will de- 
fault to active 
low operation 
upon 
reset. 
The 
LINT 
signal 
is not an open collector 
output 
during 
active 
low operations 
and will require external 
logic if inter- 
rupts need to be tied together 
on the local side. The 
EINT and LINT modes of operation 
are programmed 
through 
the Global 
Configuration 
register. 


inter 


Several 
events 
can trigger 
each of the two interrupt 
request 
signals, 
and the events 
can be enabled 
or 
disabled 
on an individual 
or global 
basis 
(refer 
to 
Sections 
8.1.1.3 
and 
8.2.2). 
The 
system 
CPU 
or 
EISA bus master 
can only be interrupted 
by an I/O 
write 
from 
the 
local 
processor 
to the 
BMIC 
EISA 
System 
Doorbell 
register. 
However, 
the local 
proc- 
essor 
can be interrupted 
by several 
sources 
which 
are listed below: 


- 
An I/O writ~ from the system 
CPU or EISA bus 
master to the BMIC Local Doorbell 
register. 


- 
The completion 
of a data transfer 
on one of the 
transfer 
channels. 


The termination 
of a data transfer 
by an external 
device 
which 
asserted 
the 
end-of-process 
(TEOP #) and TACK # simultaneously. 


3.2.7.2 
Interrupt 
Handling 


To prevent the BMIC from allowing 
undetected 
inter- 
rupts from occurring, 
when servicing 
an interrupt 
ini- 
tiated 
by the BMIC, all additional 
interrupts 
must be 
disabled 
prior to reading 
the Local or EISA System 
Doorbell 
Status 
registers. 
The 
interrupts 
are 
dis- 
abled by writing 
to the Local or EISA System 
Door- 
bell 
Enable 
registers, 
depending 
on the 
source 
of 
the interrupt. 


This 
is required 
.due to the 
nature 
of the 
interrupt 
mechanism 
of the BMIC. All interrupt 
sources 
have 
an edge triggered 
nature 
internal 
to the BMIC, with 
each event 
being 
'OR'ed 
together. 
Additional 
inter- 
rupt sources 
occurring 
after the first interrupt 
will set 
their appropriate 
bit in the Status 
register, 
but they 
will not generate 
an external 
interrupt 
until the initial 
event 
has been cleared. 
Thus if the Status 
register 
was read first, and another 
interrupt 
occurred 
after 
this read, the second 
interrupt 
would 
remain 
unde- 
tected 
in the status 
register 
until another 
event 
oc- 
curred. 
Disabling 
of the 
interrupts 
prior 
to reading 
the status register 
will prevent 
this from occurring. 


4.1 
EISA Interface 
Signals 


The BMIC provides 
a complete 
interface 
to the EISA 
bus and supplies all of the control 
signals, data lines, 
and address 
lines necessary 
to implement 
a 16- or 
32-bit EISA bus master and a 32-bit EISA slave. This 
includes 
a 32-bit 
data path, a 32-bit 
address 
path, 
and 
20 EISA 
control 
signals. 
The 
BMIC 
also 
pro- 
vides five control 
signals used to enable and disable 
the 
external 
data 
buffers 
and 
address 
latches, 
as 
shown 
in Figure 2-1. 


The 
BMIC 
uses four 
74F24S 
external 
bidirectional 
buffers 
to drive and receive 
the 32 EISA data and 
three 74F573 
external 
latches 
to latch and drive the 
upper 22 EISA address 
lines. The external 
data buff- 
ers and address 
latches 
should be comprised 
of "F" 
or 
"AS" 
type 
logic 
to 
meet 
EISA 
speed 
require- 
ments. 


The 
upper 
22 
EISA 
addresses 
are 
multiplexed 
through 
the 22 upper 
EISA data lines of the BMIC. 


They are latched 
externally 
by the 74F573's. 
EISA 
address 
lines < 11:2> 
and byte enable 
lines < 3:0 > 


are tied directly 
to the EISA bus. Address 
lines 
10 
and 11 are input directly to the BMIC for slave mode 
address 
decode. 
During 
EISA 
master 
operation, 
lines 10 and 11 are driven indirectly 
through 
the ex- 
ternal latches. 


As 
a 
slave, 
the 
BMIC 
receives 
address 
lines 
lADS < 11:2> 
and byte enable lines IBE < 3:0 > # for 
I/O 
address 
decode. 
Address 
lines 
< 11:2> 
are 
used 
for 
slot 
specific 
decode, 
and 
address 
lines 


<9:2> 
are used 
for general 
I/O 
address 
decode. 
Address 
lines 
< 11:2> 
along 
with 
BE # < 3:0 > 
are 
used by the BMIC during Shared 
register 
accesses. 


Address 
lines <31 :12> 
are not used by the BMIC in 
slave mode. 


The following 
address 
lines are used during I/O de- 
coding 
as shown: 
Slot 
specific 
I/O 
address 
decoding 
(expansion 
board)-IADS 
< 11:2 > 


Slot 
specific 
I/O 
address 
decoding 
(shared 
regis- 
ters)-IADS<11:2>/IBE<3:0> 
# 
General 
I/O address 
decoding 
(expansion 
board)- 
IADS<9:2> 


All of the BMIC EISA control 
signals function 
as de- 
fined in the EISA bus specification. 
The signals 
are 
used to support 
the following 
cycles: 


(Cycle Type Performed) 


Maste 
Burs 
Non-Burs 
Mismatched 
Peek/Poke/Locked 


Type 
Exchange 


32-8il 
X 
X 
X 
X 
16-8il 
X 


BMIC as a Slave 


1. Responds 
to EISA shared 
register 
accesses 
as 
32-bit slave. 


2. Responds 
to 
slot 
specific 
and 
general 
I/O 
ac- 
cesses 
(refer to Section 
4.8). 
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The BMIC contains 
two identical 
independent 
trans- 
fer 
channels 
which 
are 
configurable 
to run either 
burst 
or non-burst 
(two 
BCLK) 
cycles 
to and from 
system 
memory. 
The 
BMIC 
will 
automatically 
run 
non-burst 
(two 
BCLK) 
or mismatched 
cycles 
if the 
memory 
the BMIC has addressed 
cannot 
run burst 
cycles. 
Mismatched 
cycles 
will be run if data 
size 
translation 
is required. 


Each channel 
has three sets of registers 
to regulate 
data transfers. 
These 
are the Base 
register 
group, 
the 
Current 
register 
group, 
and 
the 
Data 
Status/ 
Control 
register 
group. This implementation 
of a tri- 
ple register set allows a processor 
to begin program- 
ming the next transfer 
on the channel 
while the cur- 
rent transfer 
is being executed. 


The Base register 
set contains 
seven 8-bit registers. 
These 
registers 
are programmed 
by the local proc- 
essor when a transfer 
is required 
across 
one of the 
channels. 
Four Transfer 
Channel 
Base Address 
reg- 


isters are combined 
to form the starting 
32-bit EISA 
address 
to be used during the transfer. 
The remain- 
ing three 
registers 
are the Transfer 
Channel 
Base 
Count Registers. 
The Base Count registers 
are com- 
bined to determine 
the number of transfers 
(in bytes) 
to be performed. 
The number of bytes which can be 
transferred 
ranges 
from 
1 byte 
to 4 Mbytes. 
The 
most 
significant 
bit of the 
Transfer 
Channel 
Base 
Count 
register 
group 
is used to control 
the start of 
the transfer 
and the second 
most 
significant 
bit is 
used to control 
the direction 
of the transfer 
(refer to 
Section 
8.2.3.3). 


The 
Current 
register 
set contains 
seven 
registers 
each 
of 
which 
correspond 
to 
a 
Base 
registers. 
These 
registers 
are loaded from the Base registers. 
The 
Transfer 
Channel 
Current 
Address 
registers 
contain 
the 32-bit 
real-time 
EISA memory 
address. 


The Transfer 
Channel 
Current 
Count registers 
con- 
tain the number of bytes remaining 
to be transferred 
on the channel. 
The current 
register 
set is readable 
by the local processor. 
However, 
there are possible 
coherency 
problems 
involved 
with reading 
multiple 
bytes while the current 
registers 
are being updated 
during a transfer. 
To avoid these 
problems, 
a chan- 
nel's transfer 
should 
be temporarily 
suspended 
(us- 
ing the channel's 
Configuration 
Register) 
before try- 
Ing to read the channel's 
current 
register 
set. 


The Status/Control 
register set contains 
three regis- 
ters: the Transfer 
Channel 
Strobe 
register, 
Transfer 
Channel 
Configuration 
register, 
and 
the 
Transfer 
Channel 
Status 
register. 
The 
Transfer 
Channel 
Strobe register 
is used to initiate the transfer 
of data 
from the Base register 
set to the associated 
Current 
register 
set. A transfer 
request 
for that channel 
will 


be 
generated 
following 
the 
Current 
register 
load. 
The Transfer 
Channel 
Configuration 
register 
is used 
to program 
the mode 
of the transfer. 
The Transfer 
Channel 
Status 
register 
provides 
current 
FIFO and 
transfer 
channel 
status. 


To initialize a transfer 
over either of the two transfer 
channels, 
the following 
steps must be completed: 


1. Verify 
that 
the 
Base 
registers 
for 
the 
desired 
transfer 
channel 
are available. 


The Transfer 
Channel 
Base and Count registers 
must 
be 
available 
before 
they 
can 
be 
pro- 
1 


grammed. 
This is determined 
by the status of bits 
o and 
1 in the 
Local 
Status/Control 
register. 
A 
"1" 
in either 
of the 
two 
bits indicates 
that 
the 
corresponding 
channel 
is 
currently 
running 
a 
transfer 
and the Base registers 
are busy. A "0" 
indicates 
that 
the 
Base 
registers 
are 
free 
and 
available 
for programming. 
In the event 
that the 
Base registers 
are not available, 
the local proces- 
sor must wait until the data transfer 
executing 
on 
the requested 
channel 
has completed, 
at which 
time bits "0" 
or "1" 
(depending 
on which channel 
was 
programmed) 
in the 
Local 
Status/Control 
registers 
will 
be 
reset 
to 
O. Programming 
the 
Base registers 
during a Base register 
Busy state, 


is illegal and will corrupt the Base register data of 
the pending 
transfer. 
Programming 
the Transfer 
Configuration 
register 
during a cycle 
in progress 
may cause 
the 
termination 
of the 
transfer, 
de- 
pending on which bit in the register was changed. 


2. Program 
the 
transfer 
channel's 
associated 
Transfer 
Base register set with the desired 
trans- 
fer 
information 
(Base 
registers 
must 
be 
avail- 
able). 


3. Initiate the Base register 
to Current 
register 
load 
and schedule 
a transfer 
request 
by writing to the 
channel's 
Transfer 
Strobe 
register. 


If a transfer 
is in progress 
on the requested 
chan- 
nel 
and 
a 
write 
to 
the 
associated 
channel's 
Strobe 
register 
is done, the Base to Current 
reg- 


Ister load 
will take 
place 
immediately 
after 
the 
date transfer 
on the requested 
channel 
has com- 
pleted. 


4.2.1 BURST 
AND NON·BURST 
MODES 
OF 
OPERATION 


The BMIC can be programmed 
for burst or non-burst 
(two BCLK) data transfers 
to and from EISA memo- 
ry. This is determined 
by a write to the Channel 
Con- 


figuration 
Register. 


If burst mode is enabled, 
the BMIC will look for the 
SLBURST # signal at the beginning 
of the transfer 
to 
determine 
if the slave device 
that was addressed 
is 


llutiS IltJr'tI::ifJUIIU Wilfl an aCllve :>LtlUH:> I 1F signal, 
the 
BMIC will 
not activate 
the 
MSBURST # 
signal 
and will proceed 
with either 
non-burst 
(two 
BClK) 
bus cycles 
or mismatched 
cycles. 


In burst mode, the BMIC can respond 
asa 
16- or 32- 
bit master. 
The BMIC informs 
the system 
of this ca- 
pability 
by driving 
MASTER16# 
low from the same 
BClK 
rising 
edge 
that 
START # 
is 
asserted. 


MASTER16# 
will 
remain 
low for 
one 
BClK. 
The 
BMIC will automatically 
"downshift" 
from a 32- to a 
16-bit master 
if the EX32 # signal 
is sampled 
inac- 
tive and the SlBURST# 
signal is sampled 
active at 
the 
beginning 
of 
a 
transfer. 
If 
EX32 # 
and 
SlBURST 
# are sampled 
active at the beginning 
of 
the 
transfer, 
the 
BMIC 
will 
proceed 
with 
a 32-bit 
burst transfer. 


In non-burst 
mode, 
the BMIC will respond 
as a 32- 
bit master. The BMIC will look for the EX32# 
signal 
at the beginning 
of the transfer 
to determine 
if the 
system 
memory 
it has addressed 
has the same bus 
width. 
If the 
EX32 # 
signal 
is not 
returned 
(mis- 
matched 
cycle 
indicated), 
the BMIC will "back-off" 
the 
bus 
by 
floating 
START #, 
IBE # < 3:0 >, 
and 
IDAT<31:0> 
to allow the 82358 
EISA Bus Control- 
ler to take 
control 
of the 
transfer. 
The 
EISA 
Bus 
Controller 
will then 
proceed 
to assemble 
or'disas- 
semble 
the data as needed. 
The EISA Bus Control- 
ler 
will 
return 
the 
EX32 # 
signal 
after 
the 
mis- 
matched 
cycle 
is complete, 
indicating 
to the BMIC 
that a new address 
can be placed on the bus. If the 
EX32 # signal is sampled 
active at the beginning 
of 
the transfer, 
the BMIC will proceed 
with a 32-bit non- 
burst (two BClK) 
transfer. 


4.2.2 1K PAGE ADDRESS 
BOUNDARY 
DETECTION 


During 
burst, 
non-burst 
(two 
BClK), 
and 
mis- 
matched 
data cycles, the BMIC provides 
the support 
to detect 
1K page 
address 
boundary 
crossings. 
If 
the BMIC detects 
that the current 
cycle is about to 
cross a 1K page boundary, 
the transfer 
will be termi- 
nated on the next cycle. The BMIC will then arbitrate 
between 
restarting 
the transfer 
on the current 
chan- 
nel, selecting 
the 
second 
channel, 
doing 
a peek/ 
poke cycle, or preempting 
the channel 
(refer to Sec- 
tion 4.4 for information 
regarding 
BMIC arbitration). 


Example: 
Transfer 
= 32-bit 
transfer 
and page ad- 
dress boundary 
is at location 
400h 
= 1024 


1. The BMIC detects 
that the current 
cycle is about 
to cross 
a 1K page 
address 
boundary-current 
address 
(3FCh = 1020). 


2. Address 
after BMIC has executed 
the current cy- 
cle (400h = 1024). 


4. 
BMIC 
will 
now 
arbitrate 
between 
restarting 
the 
transfer 
on 
a new 
page, 
selecting 
the 
second 
channel, 
doing a peek/poke 
cycle, or preempting 
the channel. 


4.3 
Peek/Poke, 
Locked Exchange 
Transfers 


To allow 
the local 
processor 
to communicate 
with 
other 
devices 
in the main system, 
the BMIC allows 
the 
local 
processor 
to 
execute 
individual 
I/O 
or 
memory cycles over the EISA bus. These cycles can 
be thought 
of as being similar to "peek" 
and "poke" 
statements 
in 
the 
Basic 
programming 
language. 
These 
cycles 
may be reads, 
writes, 
or locked 
ex- 
changes 
in 8-, 16-, 24-, or 32-bit values. 
All cycles 
must be contained 
within a single doubleword. 


The Peek/Poke 
operation 
requires 
the following 
set 
of registers: 
Four 8-bit Peek/Poke 
Address 
registers 
which are combined 
to provide the 32-bit Peek/Poke 
address; 
One 
8-bit 
Peek/Poke 
Control 
register 
which contains 
the bits defining 
whether 
the cycle is 
I/O 
or memory, 
peek (read)/poke 
(write) or locked 
exchange, 
and which 
byte enables 
are to be active 
during the cycle; and four 8-bit Peek/Poke 
Data reg- 
isters which are used to hold the data for the Peek/ 
Poke 
cycle. 
During 
all 
peek/poke 
or 
locked 
ex- 
change 
cycles, 
byte 
enables 
IBE <3:0> 
# 
are de- 
rived from bits 0-3 
in the Peek/Poke 
Control 
regis- 
ter set. The lower 
two bits of address 
register 
are 
ignored. 
Peek, poke, or locked 
exchange 
cycles will 
not be generated 
for illegal combinations 
of byte en- 
ables (i.e., 1111, 1010, 0110, 0101, 0100, 0010). 


To do an individual 
write cycle (poke), the local proc- 
essor must first write to the Peek/Poke 
Address 
reg- 
ister set to specify the 32-bit memory 
address 
or the 
16-bit I/O address. 
It must then write the data to be 
transferred 
into 
the 
Peek/Poke 
Data 
register 
set. 


The data must be placed in the appropriate 
byte po- 
sitions in the Data register 
set so that it goes out on 
the 
correct 
byte 
lanes 
during 
a 32-bit 
bus master 
transfer. 


Once the appropriate 
data and address 
have been 
programmed, 
the local processor 
must write to the 
Peek/Poke 
Control 
register to specify the cycle type 
and initiate 
the cycle. 
After 
this write 
to the Peek/ 
Poke Control 
register, 
bit 2 in the local 
Status/Con- 
trol register will be set to a 1 by the BMIC to indicate 
that 
a peek/poke 
request 
is pending 
and that 
the 
peek/poke 
registers 
are busy. When the poke cycle 
has finished 
executing 
on the EISA bus, the Peek/ 
Poke status bit 2 in the local 
Status/Control 
register 
will return to normal 
(0). 


inter 


To do an individual 
read cycle (peek), the local proc- 
essor must write to the Peek/Poke 
Address 
register, 
then to the Peek/Poke 
control 
register to initiate the 
read cycle. The peek/poke 
status bit 2 in the Local 
Status/Control 
register 
will be set high by the BMIC 
and remain 
active 
until the peek 
cycle 
finishes 
on 
the EISA bus. The local processor 
can then read the 
data from the peek/poke 
data register. 


NOTE: 
When 
running 
consecutive 
peek transfers, 
the data 
must 
be read 
from 
the 
Peek/Poke 
data 
registers 
before 
each 
new 
peek 
transfer 
is generated. 
The 
BMIC will read the data 
off the 
EISA bus from 
all 
four 
byte 
lanes 
regardless 
of which 
Byte 
enables 
(BE <3:0 > #) 
are 
active. 
(Although 
all 
bytes 
are 
read, the value of the byte enables 
are important 
to 
the system 
and must be programmed 
for the peek 
transfer). 


When a locked 
exchange 
cycle 
is requested 
by the 
local processor, 
a peek cycle is scheduled 
first and 
then 
immediately 
followed 
by a poke 
cycle. 
The 
LOCK # signal is active during the locked 
exchange 
cycle to indicate 
to the system that no othe access- 
es to the addressed 
location 
can be made. 


The 
BMIC 
will 
begin 
master 
mode 
operation 
any 
time a transfer 
request 
is pending. 
If more than one 
transfer 
request 
is pending, 
the 
BMIC 
will service 
them in the following 
order. 
Peek/poke 
cycles 
have 
the highest 
priority access 
to the EISA bus followed 
by 
the 
two 
data 
channels. 
Once 
the 
BMIC 
has 
gained 
control 
of the EISA bus, the BMIC will first 
perform 
any peek, poke, or locked 
exchange 
trans- 
fers that may be pending. 
If there are no peek, poke, 
or locked exchange 
transfers 
pending, the BMIC will 
run data transfers 
initiated 
by either of the two trans- 
fer channels. 
The two transfer 
channels 
have equal 
priority with respect 
to each other 
and are serviced 
in an alternating 
fashion. 
The priorities 
and assign- 
ments are as follows: 


Peek/Poke 
or 
Looked 
Echange 


Channell 
Channel 
2 
(2 way Rotation) 


The BMIC will maintain 
ownership 
of the EISA bus 
until it has serviced 
all outstanding 
data transfer 
re- 
quests or it is preempted 
from the bus by the remov- 
al of the MAK# 
signal. The BMIC can be configured 
to relinquish 
the EISA bus immediately, 
4 J-Ls, or 8 J-Ls 
after 
a preempt 
is received. 
If the 
BMIC has com- 
pleted all outstanding 
data transfer 
requests 
prior to 
the time-out 
of the preempt 
timer, it will give up the 
bus. If the BMIC finishes 
one task prior to the time- 
out of the 
preempt 
timer, 
it will 
start 
on the 
next 
pending 
transfer 
request 
unless 
the 
request 
is a 
peek, 
poke, 
or locked 
exchange 
cycle. 
The 
BMIC 
will not start a set of peek, poke, or locked exchange 
• 
cycles 
after the MAK # signal has been removed. 
If 
a transfer 
is cut-off 
due to a preempt 
timer time-out, 
the 
BMIC, 
upon regaining 
access 
to the 
EISA bus 
and following 
its internal 
arbitration 
priority 
scheme, 
will continue 
the transfer 
that was preempted 
at the 
point the transfer 
was cut-off. 


When 
a channel 
is interrupted 
for any reason, 
1K 
page break, 
FIFO stall, channel 
clear, transfer 
sus- 
pended, 
transfer 
complete, 
or transfer 
terminated, 
the BMIC may immediately 
relinquish 
the EISA bus 
depending 
on the 
state 
of 
the 
CFGFF 
bit in the 
Channel 
Configuration 
register 
set. 


NOTE: 
During a FIFO pause, the CFGFF 
bit in the associ- 


ated 
Channel's 
Configuration 
register 
is 
ignored. 


The 
function 
of the 
CFGFF 
bit, as related 
to the 
above channel 
interruptions, 
is as follows: 


If the 
CFGFF 
bit = 1, the 
BMIC 
will 
immediately 
relinquish 
control 
of the EISA bus upon the detec- 
tion of any of the above interruptions. 
This will occur 
regardless 
if there 
are additional 
data 
transfer 
re- 
quests 
pending. 
If there 
are additional 
data transfer 
requests 
pending, 
the BMIC will reassert 
MREQ# 
a 
minimum 
of two BCLKs 
later to reacquire 
the EISA 
bus. 
The 
BMIC 
will 
follow 
the 
arbitration 
priority 
scheme 
outlined 
above when servicing 
a data trans- 
fer request after a transfer 
interruption 
has occurred. 


If the CFGFF bit = 0, the BMIC will retain ownership 
of the EISA bus upon detection 
of any of the above 
interruptions 
as 
long 
as there 
are 
data 
requests 
pending 
and a preempt 
timer 
time-out 
has not oc- 
curred. If there are no additional 
data requests 
pend- 
ing, the BMIC will relinquish 
ownership 
of the EISA 
bus after the current 
transfer 
interruption 
has been 
serviced 
and completed. 


The BMIC can be preempted 
from the EISA bus by 
the 82357 (ISP). The 82357 negates 
MAK#, 
indicat- 


ing to the BMIC that 
it must finish 
the current 
bus 
cycle and relinquish 
control 
of the EISA bus by neg- 
ating MREQ# 
within 64 BCLK periods 
(8 /Ls). 


The BMIC provides 
a programmable 
preempt 
timer 


which can be programmed 
to relinquish 
the bus with- 


in 3, 32, or 64 BCLKs. The preempt 
timer is program- 
mable through 
the Global 
Configuration 
register. 


The following 
diagrams 
illustrate 
the latest the BMIC 
will start a new transfer 
after MAK # has been negat- 


ed. 


Depending 
on the type of transfer 
started, 
the BMIC 
will respond 
as follows: 


0 
61 
62 


BCLK ...f"\y 


MAK# 
~\ 


MREQ# 


1\ 
I 


Assumptions: 


1. The 
82357 
has 
negated 
the 
MAK # 
signal 
at 


BCLK zero. 


2. The 
preempt 
timer 
is programmed 
to relinquish 


the EISA bus within 64 BCLKs after the negation 
of MAK#. 


3. Let X = programmed 
value of preempt 
delay (in 


BCLKs). 


For all transfers, 
the BMIC will negate 
MREQ# 
with- 


in (X-2.5) 
BCLK 
periods 
following 
the 
MAK # 
tran- 


sition to an inactive 
state (BCLK 61.5). 


For all transfers, 
the BMIC may assert 
START# 
on any of the first X-3 rising edges 
of BCLK following 
the 
MAK # transition 
to an inactive 
state (BCLK 61). 


0 
61 
62 
63 
6. 
65 


BCLK ...f"\y 


MAK# 
~\ 


MREQ# 


1\ 
I 


START# 
\~ 
I 
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inter 


If the last cycle is a non-burst 
two BCLK cycle, CMD # will become 
inactive within (X-1) BCLK periods from the 
inactive 
transition 
of MAK# 
(BCLK 63), this is assuming 
that EXRDY is active. 


o 
61 


BCLK~ 


MREO# 
II 
I 


START# 
11-, 
I 


II 
\ 
I 
CMO# 


If the last cycle is a burst EISA cycle, the BMIC will negate 
MSBURST # within (X-O.S) BCLK periods 
from the 
inactive 
transition 
of MAK# 
(BCLK 
63.5). The last CMD# 
will go inactive 
within 
X BCLK 
periods 
from 
the 
deassertion 
of MAK# 
(BCLK 64). This is assuming 
EXRDY is active. 


0 
61 
62 
63 
64 
65 


BCLK~ 


MAK#~j 


MREO# 
II 
I 


START# 
11-, 
I 


CMO# 
II 
\ 
I 


II 
\ 
I 
MSBURST# 


If the last cycle is a mismatched, 
cycle completion 
will be controlled 
by the system. 
The BMIC will drive the LA 
address; 
MilO, 
and W/R 
signals until the falling edge of BCLK after the last CMD# 
inactive 
transition. 


o 
61 


BCLK~ 


MREO# 
II 
I 


START# 
I~ 
I 


CMO# 
II 
\ 
~ 


EX32# 
II 
\ 


LA, Mila, 
W/R 
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The Transfer 
Channel 
Current 
Address 
register 
set 
for each channel 
functions 
as an address 
incremen- 
ter and is used to generate 
and track the address 
of 


the 
data 
during 
transfers. 
The 
register 
set 
incre- 


ments the address according 
to the number of bytes 
being 
transferred 
during 
that 
cycle. 
The transfer 
is 


automatically 
aligned 
on 
doubleword 
boundaries. 


The 
two 
least 
significant 
bits of the starting 
32-bit 


address 
(AO and A 1) are used to determine 
the initial 


address 
increment 
value. 


For 32-bit transfers, 
the BMIC provides 
an initial ad- 


dress 
increment 
of 1, 2, 3 or 4 depending 
on the 


value 
of address 
lines A < 1:0>. 
After 
the initial in- 


crement, 
the BMIC increments 
the address by 4 until 


the last cycle is detected. 


The following 
example 
illustrates 
the BMIC address 


incrementer 
during a 32-bit master 
mode transfer. 


Start Address 
FFFFF001 h 
Initial Increment 
FFFFF004h 


(Incremented 
by 3) 
All Increments 
Following 
FFFFF008h 


(Incremented 
by 4) 
FFFFFOOCh 


EISA Address 
A3 
A2 
A1 
AO 
000 
1 
o 
1 
0 
0 


000 
100 


The starting 
address 
A < 1:0> 
is 01, this means that 


the initial increment 
must be 3 in order to align the 


next 
increments 
on 
doubleword 
boundaries. 
The 


subsequent 
increments 
will be by 4 until the last cy- 


cle is detected. 


For 16-bit transfers, 
the BMIC provides 
an initial ad- 


dress increment 
of 1 or 2 depending 
on the status of 


address 
lines 
A < 1:0>. 
After 
the 
initial 
increment, 
the 
BMIC 
increments 
the address 
by two 
until the 
last cycle is detected. 


... _ 
w.".~ 
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incrementer 
during a 16-bit master 
mode transfer. 


Start Address 
Initial Increment 
(Incremented 
by 1) 
All Increments 
Following 
(Incremented 
by 2) 


EISA Address 
A3 
A2 
A1 
AO 


FFFFF001 h 
0 
0 
0 
1 


FFFFF002h 
0 
0 
1 
0 


FFFFF004h 
0 


FFFFF006h 
0 
o 
0 
1 
0 


The starting 
address 
A < 1:0> 
is 01, this means that 


the initial increment 
must be 1 in order to align the 


next increments 
on singleword 
boundaries. 
The sub- 


sequent 
increments 
will be by 2 until the last cycle is 


detected. 


NOTE: 
The 
BMIC 
internally 
assembles 
32-bit 
dwords. 


When 
a 
16-bit 
burst 
transfer 
is 
preempted, 
the 


transfer 
will stop on a doubleword 
boundary. 


The Transfer 
Channel 
Current 
Count register 
set for 


each channel 
contains 
the intermediate 
value of the 


byte count 
during 
the transfer 
and 
is used 
as the 


byte 
decrementer. 
The 
decrementer's 
function 
is 


partially 
based upon the address 
incrementer. 
In the 


above 
32-bit 
incrementer 
example, 
the 
byte 
count 


would 
be decremented 
by 3 on the first cycle. After 


the 
initial 
decrement, 
the channel's 
Current 
Count 


register 
set is decremented 
by 4 until the last cycle 


is detected. 
In the above 
16-bit incrementer 
exam- 


ple, the byte count 
would 
be decremented 
by 1 on 


the first cycle. After the initial decrement, 
the chan- 


nel's Current Count register 
set is decremented 
by 2 


until the last cycle is detected. 


inter 


The following 
table illustrates 
the various 
states of (AO, A 1) vs the transfer 
byte-count 
and the initial address 
during a 32-bit transfer. 


Byte 
Starting 
Next 
Initial 
Number 
of 
Last 
Number 
of 
Count 
Address 
Address 
Increment 
Bytes Left 
Cycle 
Cycles Left 


1 
XXX 0000 
NA 
NA 
0 
Yes 
0 
XXX 0001 
NA 
NA 
0 
Yes 
0 
XXX 0010 
NA 
NA 
0 
Yes 
0 
XXX 0011 
NA 
NA 
0 
Yes 
0 
2 
XXX 0000 
NA 
NA 
0 
Yes 
0 
XXX 0001 
NA 
NA 
0 
Yes 
0 
XXX 0010 
NA 
NA 
0 
Yes 
0 
XXX 0011 
XXX 0100 
1 
1 
No 
1 
3 
XXX 0000 
NA 
NA 
0 
Yes 
0 
XXX 0001 
NA 
NA 
0 
Yes 
0 
XXX 0010 
XXX 0100 
2 
1 
No 
1 


XXX 0011 
XXX 0100 
1 
2 
No 
1 
4 
XXX 0000 
NA 
NA 
0 
Yes 
0 
XXX 0001 
XXX 0100 
3 
1 
No 
1 
XXX 0010 
XXX 0100 
2 
2 
No 
1 


XXX 0011 
XXX 0100 
1 
3 
No 
1 
5 
XXX 0000 
XXX 0100 
4 
1 
No 
1 


XXX 0001 
XXX 0100 
3 
2 
No 
1 
XXX 0010 
XXX 0100 
2 
3 
No 
1 


XXX 0011 
XXX 0100 
1 
4 
No 
1 
6 
XXX 0000 
XXX 0100 
4 
2 
No 
1 
XXX 0001 
XXX 0100 
3 
3 
No 
1 


XXX0010 
XXX 0100 
2 
4 
No 
1 


XXX 0011 
XXX 0100 
1 
5 
No 
2 
7 
XXX 0000 
XXX 0100 
4 
3 
No 
1 
XXX 0001 
XXX 0100 
3 
4 
No 
1 
XXX 0010 
XXX 0100 
2 
5 
No 
2 
XXX 0011 
XXX 0100 
1 
6 
No 
2 
8 
XXX 0000 
XXX 0100 
4 
4 
No 
1 
XXX 0001 
XXX 0100 
3 
5 
No 
2 
XXX 0010 
XXX 0100 
2 
6 
No 
2 


< 


XXX 0011 
XXX0100 
1 
7 
No 
2 
9 
XXX 0000 
XXX0100 
4 
5 
No 
2 
XXX 0001 
XXX 0100 
3 
6 
No 
2 
XXX 0010 
XXX 0100 
2 
7 
No 
2 
XXX 0011 
XXX 0100 
1 
8 
No 
2 
10 
XXX 0000 
XXX 0100 
4 
6 
No 
2 
XXX 0001 
XXX 0100 
3 
7 
No 
2 
XXX 0010 
XXX 0100 
2 
8 
No 
2 
XXX 0011 
XXX 0100 
1 
9 
No 
3 


NOTES: 
1. "X" 
= Don't 
Care 
2. If the "byte 
count" 
is less than or equal to the "initial 
increment", 
then the current 
cycle 
= the first cycle 
= the last 
cycle. 
3. If the number 
of bytes 
left is less than or equal to 4, then the next cycle 
= the last cycle. 
4. For information 
regarding 
byte alignment, 
refer to Section 
6.3.1. 
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4.8 
1/0 Address Range Decode 
Support 


The BMIC provides 
on-board 
decoder 
logic, two I/O 
select 
pins (IOSEL<1:0> 
#), and a set of 8-bit I/O 
Decode 
Range registers to support 
both general 
I/O 
decode 
and expansion 
board 
slot specific 
I/O 
de- 
code and expansion 
board slot specific 
I/O decode. 
The BMIC also uses the AEN signal when decoding 
I/O locations. 


The set of I/O Decode 
registers 
include two I/O De- 
code Range Base address registers 
and two I/O De- 
code 
Range 
Control 
registers 
(refer 
to 
Section 
8.2.6). The I/O Decode 
registers 
are used to define 
the address 
ranges of interest 
to the bus master ex- 
pansion 
board. Each 10SEL# 
< 1:0> 
pin has an as- 
sociated 
Control and Base register along with an as- 
sociated 
address 
range 
as defined 
by the I/O 
De- 
code register 
set. 


Through 
the I/O Decode 
Range Control 
register set, 
the BMIC can be programmed 
to respond 
to a select 
I/O address 
range as either an 8-bit or 32-bit 
EISA 
device. The only control 
signal provided 
by the BMIC 
to the EISA bus during an I/O decode 
is the EX32# 
signal. 
The 
output 
state 
of the 
EX32# 
pin on the 
BMIC will indicate 
the elected 
response 
(low = 32- 
bit EISA, high = 8-bit EISA). The Control register set 
controls 
the size of the I/O 
decode 
range, the I/O 
decode 
type (slot specific 
or general 
I/O), 
and the 
I/O decode 
address 
latching. 
The I/O address 
can 
be latched 
by the 
CMD# 
signal 
(de-pipelined) 
or 
merely 
decoded. 
By latching 
the 
I/O 
address, 
the 
associated 
10SEL # 
line will remain 
active 
a mini- 
mum of 5 ns from the rising edge of CMD # . 


The I/O decode 
range size depends 
on the value of 
bits 
<4:0> 
in the Control 
register. 
Each 
of these 
bits mask a corresponding 
address comparison 
bit in 
the Base register. 
If no bits are masked 
in the Con- 
trol register, 
the BMIC will decode 
a doubleword 
ad- 
dress. The bits are masked 
as follows: 


I/O Control 
I/O Base Register 
EISA Address 
Register 
Bit Masked 
Bit Masked 


BitO 
Bit 0 
IADS2 
Bit 1 
Bit 1 
IADS3 
Bit 2 
Bit 2 
IADS4 
Bit 3 
Bit 3 
IADS5 
Bit4 
Bit4,5 
IADS<7:6> 


The I/O Decode 
Range Base Address 
register 
con- 
tains the address 
range that is used during the I/O 
decode 
address 
comparison. 
The 
following 
table 
gives the bits in the I/O Base Address 
Register 
and 
the EISA Address 
that are used during the compari- 
son: 


I/O Base 
(EISA Address 
Bits) 
Address 
Register 
Slot Specific 
General 
1/0 


Bit 0 
IADS2 
IADS2 
Bit 1 
IADS3 
IADS3 
Bit2 
IADS4 
IADS4 
Bit3 
IADS5 
IADS5 
Bit4 
IADS6 
IADS6 
Bit 5 
IADS7 
IADS7 
Bit6 
IADS10 
IADS8 
Bit 7 
IADS11 
IADS9 


If bit 6 in the I/O 
Decode 
Range Control 
register 
is 
programmed 
for General 
I/O 
decode, 
and the two 
most significant 
bits in the I/O Decode 
Range Base 
Address 
register 
are 
programmed 
to 
0 
(IADS<9:8», 
I/O 
decoding 
for that 
range 
will be 
disabled. 
This is done to insure that the I/O address 
does not conflict 
with the slot specific 
address 
range 
or the EISA system 
board 
address 
range. 
The fol- 


lowing 
table 
summarizes 
the EISA system 
I/O 
ad- 
dress mapping: 


I/O 
Address 
Range 
(HEX) 
I/O 
Range 
Reserved 
for 


OOOO-OOFF EISAIISA 
System 
Board 


0100-03FF 
General 
I/O (ISA Expansion 
Board) 


0400-04FF 
ISP (82358) 


0500-07FF 
General 
I/O (Alias of 01 00h-03FFh) 


0800-08FF 
EISA System 
Board 


0900-0BFF 
General 
I/O (Alias of 0100h-03FFh) 


OCOO-OCFF 
EISA System 
Board 


ODOO-OFFF 
General 
I/O (Alias of 0100h-03FFh) 


Slot Specific 
Range where 
X = Slot Number 


XOOO-XOFF 
Slot (X) 


X100-X3FF 
General 
I/O (Alias of 0100h-03FFh) 


X400-X4FF 
Slot (X) 


X500-X7FF 
General 
I/O (Alias of 0100h-03FFh) 


X800-X8FF 
Slot (X) 


X900-XBFF 
General 
I/O (Alias of 0100h-03FFh) 


XCOO-XCFF 
Slot 
(X) 
(BMIC 
Registers 
OC80h- 
OCAFh) 


XDOO-XFFF 
General 
I/O (Alias of 0100h-03FFh) 


The 
following 
is 
an 
example 
of 
the 
BMIC 
pro- 


grammed 
for slot specific 
decode: 


inter 


I/O 
Decode 
Range 
0 Control 
register 
programmed 
for (ECh) 


- 
Bit ?-Respond 
as a 32-bit EISA slave 


- 
Bit 6--Slot 
specific 
decode 
enabled 


- 
Bit 5-Slot 
specific 
address 
latched 
by CMD# 


- 
Bit 4-Compare 
I/O 
Decode 
Range 0 Base Ad- 
dress 
Bits (5) and (4) with EISA address 
signals 
lADS? 
and IADS6 respectively 


- 
Bit 3-Mask 
I/O Decode 
Range 0 Base Address 
Bit (3) 


- 
Bit 2-Mask 
I/O Decode 
Range 0 Base Address 
Bit (2) 


Bit 1-Mask 
Decode 
Range 0 Base Address 
Bit (1) 


Bit O-Mask 
I/O Decode 
Range 0 Base Address 
Bit (0) 


I/O 
Decode 
Range 
0 Base 
Address 
register 
pro- 
grammed 
for (E3h) 


IADS111ADS10 
lADS? 
IADS6 
IADS5 
IADS4 
IADS3 
IADS2 
I Bit? I Bit 6 I Bit 5 I Bit 4 I Bit 3 I Bit 2 I Bit 1 I Bit 0 I 


(E3h) 
0 
0 
1 
0 


EISA slot specific 
address 
range 
decoded-X080h 
through 
XOBFh where 
X represents 
the expansion 
board slot number 


(X080h) 
(XOBFh) 
xxxxOOOOI0(00) 
(00)00throughxxxxOOOOl0 
(11) (11)11 
i 
i 
i 
i 
EISA Address 
Bits Masked 
(IADS4 and 
IADS5) 


Byte enables 
IBE < 3:0 > # and EISA address 
lines 
lADS < 1:0> 
are not used during either slot specific 
or general 
I/O decode. 
During slot specific 
I/O 
de- 
code, 
EISA address 
lines IADS<9:8> 
must be 0 to 
insure that the I/O address does not conflict 
with the 
ISA general 
I/O address 
range (0100h-03FFh). 


10SElO# 
and EX32# 
will be driven low by the BMIC 
if addresses 
XA8Ch 
through 
XABFh 
are present 
on 
the EISA bus. 


AEN 
is used 
as part 
of the 
decode 
and 
must 
be 
negated 
low when a response 
from the BMIC is re- 
quired. 


The Transfer 
Buffer 
Interface 
portion 
of the 
BMIC 
provides 
the 
signal 
essential 
for interfacing 
to the 
expansion 
board as required 
for EISA-to-expansion 
board 
and 
expansion 
board-to-EISA 
burst 
data 
transfers. 
The Transfer 
Buffer 
Interface 
is designed 
to interface 
to a high speed transfer 
buffer and sim- 


ple logic similar to that used in traditional 
DMA de- 
signs. This interface 
includes 
a 16-bit data bus, one 
clock 
input, and seven control 
signals. 


The 16-bit data lines TDAT < 15:0> 
are used by the 
BMIC to transfer 
the data to and from 
the transfer 
buffer logic on the expansion 
board during transfers. 


The data 
is word 
aligned. 
The 
BMIC automatically 
assembles 
the words 
received 
from 
the expansion 
board into 32-bit dwords for 32-bit transfers 
over the 
EISA bus. The data lines are also used by the BMIC 
to transport 
internally 
generated 
transfer 
start 
and 
real-time 
addresses 
to the external 
logic for use dur- 
ing data transfers 
(refer to Section 
5.3). 


The clock input (TClK) 
controls 
the transfer 
rate be- 
tween the BMIC and the external 
transfer 
buffer log- 
ic. The TClK 
can be asynchronous 
to the BClK. 


The seven control 
signals 
include: 


- 
Transfer 
Request 
(TRQ #); an output 
to request 
data transfers 
over the Transfer 
Buffer interface. 


- 
Transfer 
Acknowledge 
(TACK#); 
An input to ac- 


knowledge 
data 
transfers. 
The 
TACK # 
signal 
may be used by the transfer 
buffer 
logic to add 
wait states to the data cycle and to terminate 
the 
transfer 
when used in conjunction 
with TEOP #. 


- 
Data Transfer 
Direction 
(TDIR); An output 
to in- 
form the external 
transfer 
buffer 
logic as to the 
direction 
of the 
current 
transfer 
(EISA 
read 
or 
EISA write). 


- 
Transfer 
Channel 
Select 
(TCHAN); 
An output 
to 
indicate 
which 
of the two 
channels 
is currently 
active. 


- 
Transfer 
Address 
Counter 
load 
(TlD#); 
An out- 
put to load the current 
transfer 
start address 
to 
an external 
address 
counter, 
depending 
on the 
expansion 
board application. 


- 
Transfer 
Data Output 
Enable (TDOE#); 
An input 
that unconditionally 
disables 
the BMIC from driv- 
ing the TDAT < 15:0> 
lines. With this signal, the 
BMIC 
can 
be 
prevented 
from 
driving 
the 
TDAT < 15:0> 
lines while the local processor 
ac- 
cesses the transfer 
buffer logic on the expansion 
board. 
No handshaking 
is required, 
so through- 


put is increased. 
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TEOP# 
is both a status output 
pin, and an input 
pin for causing 
the termination 
of transfers, 
de- 
pending 
on 
the 
requirements 
of 
the 
external 
hardware. 


NOTE: 
Refer 
to Section 
9.4 for additional 
information 
re- 
garding 
the above signals. 


5.2 
External Transfer 
Buffer Logic 


The 
Transfer 
Buffer 
interface 
is designed 
for high 
speed 
devices, 
such 
as SRAM 
based 
designs, 
or 
FIFOs. The Transfer 
Buffer interface 
data path is 16 
bits wide. This requires 
the transfer 
clock 
(TCLK) to 
run at a speed of 16 MHz to 20 MHz to maintain 
the 
EISA maximum 
data rate of 33 Mbytes/sec. 
The fast 
cycle 
times 
required 
on 
the 
data 
Transfer 
Buffer 
interface 
can be implemented 
in the controlled 
envi- 
ronment 
found 
locally 
on the 
expansion 
board. 
If 
two 
BCLK 
transfers 
are 
used 
on 
the 
EISA 
side 
(16 
Mbytes/sec), 
the 
timing 
requirements 
for 
the 
transfer 
buffer can be relaxed, and lower cost imple- 
mentations 
can be utilized. 


If the transfer 
buffer controller 
does dynamic 
arbitra- 
tion for the transfer 
buffer 
between 
the 
BMIC and 
the peripheral 
device(s) 
on the expansion 
board, the 
peripheral 
device 
accesses 
should 
be short enough 
so that the BMIC's 
data FIFO can handle 
the inter- 
ruption 
to 
its data 
flow, 
without 
stalling 
the 
EISA 
transfer. 


Examples 
of transfer 
buffer 
architecture 
implemen- 
tations 
that could be interfaced 
to the BMIC include: 


A FIFO implementation 
which is large enough 
to 
buffer the difference 
in throughput 
rates between 
the 
peripheral 
device 
on the 
expansion 
board 
and the EISA Bus. See Section 
5.2.1. 


A small high-speed 
DMAlike 
device 
that gener- 
ates addressing 
for a SRAM based transfer 
buff- 
er. 


A 
controller 
implementation 
for 
dual-ported 
SRAM for high transfer 
buffer bandwidth. 


A page or nibble-mode 
dynamic-RAM 
controller 
implementation 
for large, low cost transfer 
buff- 
ers. 


For graphics 
systems, 
the frame buffer itself can 
be used for the transfer 
buffer with a non-linear 
address generator 
for transferring 
windows 
in the 
screen 
image. 


During 
EISA 
writes, 
the 
BMIC 
will 
overread 
(read 
data beyond 
the number 
of bytes to be transferred) 
the transfer 
buffer by a maximum 
of 28 bytes. These 
over read bytes may contain 
valid data (back to back 
transfers) 
which 
will be lost. The data 
loss can be 
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I ne sonware 
solution 
avoids 
back to back transfers. 
This implies 
that there is data for only one transfer 
in the FIFO at 
any given time. 


The 
hardware 
solution 
requires 
an external 
22-bit 
Byte Counter 
and a Flip-Flop. 
The terminal 
count of 
the Byte Counter 
is used to SET the Flip-Flop 
which 
disables 
BMIC 
reads 
to the 
FIFO. 
The 
BMIC 
will 
continue 
to read (overread) 
"stale" 
data. The BMIC 
TEOP# 
output 
signal 
is used 
to RESET 
the 
Flip- 
Flop which enables 
the BMIC reads to the FIFO. 


5.3 Transfer 
Interface 
Start Address 
Generation 


The BMIC provides 
four 8-bit Transfer 
Buffer 
Inter- 
face (TBI) registers, 
2 Base, and two Current 
regis- 
ters, which 
can be programmed 
with 16-bit transfer 
start addresses. 
Each transfer 
channel 
has an asso- 
ciated Base and Current register 
pair. The Base reg- 
isters contain 
the start address 
and the Current 
reg- 
isters provide the real-time 
address 
used to track the 
current transfer. 
The Current 
registers 
will increment 
by one each time a 16-bit word is transferred 
across 
the Transfer 
Buffer interface. 


The 
16-bit 
start 
address 
is transferred 
across 
the 
TDAT < 15:0 > lines to the transfer 
buffer logic at the 
beginning 
of all new data transfers 
(i.e., each 
time 
the TBI Base register set contents 
are transferred 
to 
the TBI Current register set). The contents 
of the TBI 
Base 
registers 
are transferred 
to the 
TBI 
Current 
registers 
after 
a write 
to the 
associated 
channel's 
Transfer 
Strobe 
register 
is completed 
(refer to Sec- 
tion 4.2). The BMIC provides 
a load signal 
(TLD#) 
which can be used to latch the start address 
into an 
external address counter 
for use by the transfer 
buff- 
er logic. 


The BMIC can also be programmed 
to generate 
the 
transfer 
address 
each time the associated 
channel 
regains 
the bus, in which 
case, the address 
will be 
the real-time 
address. 
By programming 
the CFGEA 
bit in the Channel 
Configuration 
register to a "1", the 
start address will be transferred 
to the transfer 
buffer 
logic at the beginning 
of all new transfers 
and the 
real-time 
address 
will be transferred 
each 
time the 
associated 
channel 
regains 
the bus. If the CFGEA 
bit is set to a "0", 
the transfer 
start address 
will be 
transferred 
at the beginning 
of all new transfers 
and 
the real-time 
address 
will not be transferred. 


NOTE: 
The TBI Current 
register 
set is readable 
by the lo- 
cal processor. 
However, 
there 
are possible 
coher- 
ency problems 
involved 
with reading 
multiple 
bytes 
while the current 
registers 
are being updated 
during 
a transfer. 
To avoid these 
problems, 
the channel's 
transfer 
should 
be 
temporarily 
suspended 
(using 
the channel's 
Configuration 
Register) 
before 
trying 
to read the channel's 
TBI Current 
register 
set. 
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5.4 Transfer 
Buffer Interface 
Timing 
Example 


Figures 
5-1 and 5-2 illustrate 
the start up and con- 
clusion of a transfer 
cycle across the Transfer 
Buffer 
interface 
and should 
be used as a reference 
when 
reading 
the following 
text. 


1. At the start of a data transfer 
TCHAN 
and TDIR 
change 
to their 
new 
values 
prior 
to the 
falling 
edge of TLD# 
to set up the cycle. 
TCHAN 
and 
TDIR will riot change 
states 
as long as TRQ# 
is 
asserted. 


2. TLD# 
is 
asserted 
until 
acknowledged 
by 
TACK #. 
The 
transfer 
address 
is transferred 
to 
the external 
logic each time the TBI Base register 
contents 
are transferred 
to the TBI Current regis- 
ter set (new transfer) 
and, if programmed, 
each 
time the current 
channel 
regains the bus. 


3. The new address 
is loaded 
using the TDAT 
bus 
during TLD# 
at point (A). The TDAT 
bus should 


be turned on by asserting 
TDOE# 
during TLD# 
if 
the 
internal 
start 
address 
is required. 
Once 
the 
external 
channel 
address and direction 
are set up, 
the data transfer 
can begin. 


4. Data transfer 
requests 
are signaled 
by TRQ# 
be- 
ing asserted 
(low). TRQ# 
will remain active 
until 
the data transfer 
is completed 
or a transfer 
inter- 
ruption 
occurs 
(refer to Section 
1.0) followed 
by 
TACK # active. During an EISA write, there will be 
a one 
TCLK 
delay 
between 
TLD# 
deasserting 
and TRQ# 
asserting 
as denoted 
by point 
(D) in 
Figure 
5-2. This is to allow time for the external 
buffers 
to change 
direction 
after 
the TLD # 
has 
been completed. 


5. Each word 
transfer 
to or from 
the 
BMIC 
is ac- 
knowledged 
by the TACK # signal. 
If TACK # is 
active 
at the rising edge of TCLK, 
one word will 
be transferred. 
If TACK # is not active 
at the ris- 
ing edge of TCLK, the word that is currently 
being 
transferred 
will be inhibited 
and a wait state 
will 


TCLK 


TLD# 
:I 
:1 


TCHAN =:x:: ___: 
,, 


I 
, 


I 
I 
=:x::--- : 


, 


TDIR 
I, 


I 
I 
I 
I 
I 
I 


TDAT 
I c:::::x::::x 
(EISA 
READ) 
(A) 


TRQ# 
:1 


TACK# 
(1) 


TACK# 
(2) 


TEOP# 
(Outpul) 


----> 
: X__ :_>- 


, 


I:r- 
-- __--~II 


I 
I, 


I 
I 
I ~r---'I 
',r- 
~ 
:1 
-_ 
••1 
I 


inter 


be inserted. 
This is shown 
at point 
(B) in Figure 
5-1. Such a wait may be needed 
when the exter- 
na~ transfer 
buffer logic is arbitrating 
between 
the 
BMIC and the 
I/O 
subsystem 
on the expansion 
board. 
Wait 
states 
may 
also 
be 
inserted 
by 
stretching 
TCLK as shown 
at point (C) in both of 
the figures. Clock stretching 
is possible 
as long as 
the one to one ratio of TCLK to BCLK is not violat- 
ed. 


NOTE: 
A long TCLK 
stretch 
time will hang the Transfer 
Buffer interface. 
Also, TCLK must be running dur- 
ing the 
time 
TRQ # 
is inactive 
in order 
for the 
Transfer 
Buffer interface 
to function 
properly. 


As indicated 
above, TACK # must be stable at the 
rising edge 
of TCLK. 
However, 
TACK # 
can as- 
sume 
any convenient 
pattern 
at other 
times. 
As 
shown 
by the first pattern, 
TACK# 
(1) pules low 
at the TCLK 
edge 
that 
data 
is transferred. 
This 
pattern 
is particularly 
useful when one TCLK wait- 
states are desired 
as indicated 
at point (B) in Fig- 
ure 5-1. The alternate 
pattern 
(TACK # 2) is useful 


during 
TCLK 
stretching 
since 
TACK # 
is always 
low during 
TRQ# 
as shown 
at point 
(C). This is 
effective 
since 
the transfer 
clock 
edge 
timing 
is 
controlled 
by the amount 
TCLK is stretched. 


6. TEOP # is asserted 
at the end of a transfer 
by the 
BMIC. 


The BMIC will indicate 
end-of-process 
by assert- 
ing TEOP# 
shortly 
after the negation 
of the last 
CMD# 
in the 
transfer. 
During 
an 
EISA 
write 
transfer, 
the BMIC will assert TEOP# 
a maximum 
of two TCLKs after CMD# 
is negated. 
During an 
EISA read transfer, 
the BMIC will assert TEOP# 
a maximum 
of 20 TCLKs 
(typically 
eight TCLKs) 
after the negation 
of CMD#. 
In either case (EISA 
read or EISA write), the TEOP# 
signal is delayed 
from the rising edge of TCLK. 


NOTE: 
The BMIC will assert 
the expansion 
board 
inter- 
rupt signal 
(LINT) 
at the end of a transfer, 
if so 
programmed 
in the Transfer 
Channel 
Configura- 


tion register. 
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The BMIC uses two identical 
FIFOs, one per transfer 
channel, 
and a common 
data aligner for data trans- 
fers 
between 
system 
memory 
and the bus master 
expansion 
board. The primary function 
of the FIFO/ 
Data Aligner 
Unit is to help isolate 
and simplify 
the 
timing 
relationships 
between 
the EISA bus and the 
devices 
on the expansion 
board. 


The FIFO allows the timing on the expansion 
BElard 
side of the BMIC to be based on a locally generated 
clock signal. This transfer 
clock (TCCK) can be inde- 
pendent 
of the EISA BCLK signal that governs 
EISA 
bus timing. 
The FIFO also provides 
latency 
protec- 
tion for wait states generated 
on either the EISA bus 
or expansion 
board. 


The Data Aligner 
arranges 
the 16-bit data from the 
external 
transfer 
buffer 
to any arbitrary 
byte align- 
ment in system 
memory. 
The data aligner 
also per- 
forms 
the 
assembly 
and disassembly 
of the 
EISA 
data during 
the transfer. 
The TDAT 
data assembly 
and disassembly 
is done 
by the Transfer 
Buffer 
in- 
terface 
portion 
of the BMIC. 


Each 
FIFO on-board 
the BMIC is 24 bytes 
in size. 
The 
transfer 
data 
is written 
into 
the 
FIFOs 
from 
either 
the 
expansion 
board 
or the 
EISA 
bus side, 
depending 
on the direction 
of transfer. 
The data is 
written 
into 
the 
FIFO 
as doublewords 
during 
the 
transfer. 
However, 
if the 
data 
is not 
doubleword 
aligned, 
partial FIFO loads will be done at the begin- 
ning 
or end 
of a transfer 
depending 
on the 
byte 
count, address 
programmed 
and the direction 
of the 
transfer. 


The condition 
of the FIFOs can be determined 
by a 
read to the Transfer 
Channel 
Status 
register 
set. A 
read to this register 
will indicate 
whether 
the FIFOs 
are stalled 
or active. 
A FIFO 
stall 
is defined 
as a 
FIFO that is full during an EISA read or empty during 
an EISA write. In either case, the transfer 
buffer logic 
is unable to keep up with the EISA device. 
If a FIFO 
stall 
occurs, 
the 
transfer 
will 
be stopped 
and 
the 
BMIC will either service the transfer 
request with the 
highest 
priority 
or 
relinquish 
the 
EISA 
bus 


to the system. 
The BMIC will relinquish 
the bus to 
the system 
if the CFGFF 
bit in the channel's 
corre- 
sponding 
Configuration 
register 
is set to a 1. 


6.3.1 EISA BYTE ALIGNMENT 


The BMIC automatically 
handles 
the byte alignment 
for the EISA bus in the case of misaligned 
double- 
word boundaries 
and assumes 
no performance 
pen- 
• 
alty. The BMIC will do any partial doubleword 
trans- 
fers as required 
at the beginning 
and the end of all 
transfers. 
The two least significant 
bits of the 32-bit 
transfer 
start address 
(Aland 
AO) are used to pro- 
vide the byte alignment 
for both EISA read and EISA 
write 
transfers. 
The 
following 
tables 
illustate 
the 
BMIC's 
byte alignment 
approach 
during 32- and 16- 
bit transfers: 


In the 
following 
tables 
"-" 
represents 
no 
data 
transferred 
and the digits 
represent 
the data items 
being 
transferred. 
The 
byte alignment 
for an EISA 
read is identical 
to that of an EISA write. 


EISA Write (32-bit/12-byte 
Transfer) 
and (16-bit/6-byte 
Transfer) 


(32-Bit) 
(16-Bit) 


A1 
AO 
Output Data 
Output 
Data 
to EISA Bus 
to EISA Bus 


Byte 
Lane 
~ 
3 
2 
1 
0 
3 
2 
1 
0 


0 
0 
03 
02 
01 
00 - 
- 
01 
00 
07 
06 
05 
04 - 
- 
03 
02 
11 
10 
09 
08 - - 
05 
04 


0 
1 
02 
01 
00 - 
- 
- 
00 - 
06 
05 
04 
03 - 
- 
02 
01 
10 
09 
08 
07 - 
- 
04 
03 
- - - 
11 - - - 
05 


1 
0 
01 
00 - - 
- 
- 
01 
00 
05 
04 
03 
02 
- 
- 
03 
02 
09 
08 
07 
06 
- 
- 
05 
04 
- 
- 
11 
10 
- 
- - - 


1 
1 
00 - - - 
- 
- 
00 - 
04 
03 
02 
01 
- 
- 
02 
01 
08 
07 
06 
05 - - 
04 
03 
- 
11 
10 
09 
- 
- 
- 
05 


Before 
being 
placed 
on either 
the 
TDAT 
or IDAT 
data buses 
during 
an EISA read or EISA write, the 
data will be assembled 
or disassembled 
as required. 
The 
IDAT data is assembled 
and disassembled 
by 
the FIFO/data 
aligner 
portion 
of the BMIC and the 
TDAT 
data is assembled 
and disassembled 
by the 
Transfer 
Buffer 
interface 
portion 
of the 
BMIC. The 
following 
paragraphs 
illustrate 
the BMIC's 
assembly 
and 
disassembly 
approach 
during 
32- 
and 
16-bit 
transfers. 
The 
illustration 
assumes 
that 
byte align- 
ment is not required. 


During 32-bit EISA read transfers, 
the 32-bit double- 
words 
are removed 
from 
the EISA bus and placed 
into the 
FIFO. After 
flowing 
through 
the 
FIFO, the 
32-bit doublewords 
are copied-down 
to 16-bit words 
and then placed 
on the TDAT bus. 


During 32-bit 
EISA write transfers, 
the 16-bit words 
are removed 
from 
the TDAT 
lines, assembled 
into 
32-bit doublewords, 
and then placed 
into the FIFO. 
After 
flowing 
through 
the 
FIFO, 
the 
32-bit 
data 
is 
placed on the EISA bus. No further 
assembly 
or dis- 
assembly 
is required 
after 
the FIFO as the data is 
already 
in 32-bit doubleword 
form. 


During 
16-bit 
EISA read 
burst 
transfers, 
the 
16-bit 
words 
are removed 
from the EISA bus, assembled 
into 32-bit 
doublewords, 
and 
then 
placed 
into the 
FIFO. After flowing through the FIFO, the 32-bit data 
is copied-down 
to 16-bit words 
and then placed 
on 
the TDA T bus. 


During 
16-bit 
EISA write 
burst transfers, 
the 
16-bit 
words 
are removed 
from 
the TDAT 
EISA bus, as- 
sembled 
into 32-bit 
doublewords, 
and then 
placed 
into the 
FIFO. 
After 
flowing 
through 
the 
FIFO, the 
32-bit data is copied-down 
to 16-bit words and then 
placed 
on the EISA bus. 


The BMIC's 
Local 
Processor 
interface 
is based 
on 
an asynchronous, 
8-bit interface. 
All of the slave sig- 
nals required 
for a local 
processor 
to program 
the 
BMIC are provided 
through 
this interface. 
These sig- 
nals 
include 
(LCS#, 
LRD#, 
LWR#); 
two 
address 
lines 
(LADSO 
and 
LADS1) 
for 
addressing 
internal 
registers; 
an 8-bit data path (LDAT); an Interrupt 
sig- 
nal (LINT); and a ready signal 
(LRDY). 
LINT allows 
the 
BMIC 
to interrupt 
the 
local 
processor 
and the 
ready 
signal 
(LRDY) 
indicates 
when 
valid 
data 
is 
available 
on the LDAT lines (shared register access- 
es only, see below). 
If a local processor 
is not used, 
the Local Processor 
interface 
can be connected 
to 
the 8-bit ISA bus (refer to Section 
7.3). The choice of 
the local microprocessor 
or microcontroller 
used de- 
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of performance 
and data processing 
needed 
(refer 
to Section 
7.2). 


The Local Processor 
interface 
portion 
of the BMIC 
contains 
two 8-bit registers 
which 
are used 
by the 
local processor 
to access 
all of the BMIC's 
internal 
registers. 
These registers 
are mapped 
into the Local 
Processor 
interface 
and include 
a Local Data regis- 
ter and a Local 
Index register. 
These 
registers 
are 
selected 
using the Local 
Processor 
interface's 
two 
address 
lines. The 
Local 
Status/Control 
register 
is 
also directly 
mapped 
into the Local Processor 
inter- 
face and is used to provide 
the local processor 
with 
the interrupt, 
peek/poke, 
and Base register 
status. 


The BMIC allows 
the local processor 
and the EISA 
bus to communicate 
with each other through 
a set of 
Command/Status 
registers. 
The 
Command/Status 
registers 
are referred 
to as shared 
registers 
and in- 
clude a set of Mailbox 
registers, 
Semaphore 
ports, 
and 
doorbell 
registers. 
The 
mailbox 
registers 
are 
used to pass messages 
to and from the local proc- 
essor 
and the EISA bus and are controlled 
by the 
Semaphore 
ports. The Doorbell 
register 
set is used 
to 
inform 
the 
respective 
processor 
of 
new 
mes- 
sages. Also part of the shared 
register 
set, are the 
10 registers, 
which are used to support 
the EISA ex- 
pansion 
board 
10 function. 


The BMIC allows the local processor 
access 
to indi- 
vidual locations 
in system 
memory 
or I/O space us- 
ing the Peek/Poke 
feature. 
The local processor 
can 
also 
initiate 
BMIC burst and non-burst 
(two 
BCLK) 
data transfers 
to and from system 
memory. 


7.1 Shared Registers-Status! 
Command Support 


As data transfer 
rates increase, 
it is critical 
that an 
efficient 
command 
and 
status 
passing 
mechanism 
be implemented 
so that 
command 
and 
status 
ex- 
change 
does not become 
a new bottleneck 
to sys- 
tem performance. 
The BMIC utilizes a high-perform- 
ance 
command/status 
interface 
between 
the main 
system 
and the 
local 
processor 
to minimize 
com- 
mand/status 
overhead. 


The 
Shared 
registers 
are a group 
of registers 
ac- 
cessable 
by the 
system 
CPU or EISA 
bus master 
and 
the 
local 
processor 
for general-purpose 
com- 
mand 
and status 
interactions 
and 
EISA expansion 
board 10 function 
support. 
The features 
of the BMIC 
command/status 
support 
include 
a pair 
of sema- 
phore ports, a pair of interrupt 
ports ("doorbell 
regis- 
ters"), 
and 
a set of mailbox 
registers. 
With 
these 
functions, 
many different 
types of high-performance 
communication 
protocols 
can 
be defined 
between 
the 
system 
and the 
expansion 
board. 
Three 
addi- 
tional 
registers, 
the 
Global 
Configuration 
register, 
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the 
System 
Interrupt/Enable 
register, 
and 
the 
ID 
registers 
are also part of the shared 
register 
set. 


The two semaphore 
ports are specifically 
designed 
to allow set-and-test 
functions 
in I/O space. Specifi- 
cally, the ports are used to lock access 
to the mail- 
box 
registers 
and 
to lock 
access 
to links 
in main 
memory. 
Each of the semaphore 
ports 
consists 
of 
two 
parts: 
the 
semaphore 
flag 
bit and 
the 
sema- 
phore test bit. 


When 
a write 
occurs 
to 
the 
semaphore 
flag 
bit 
through 
either the EISA interface 
or the Local Proc- 
essor interface, 
the old value of the semaphore 
flag 
bit is copied 
to the appropriate 
semaphore 
test bit. 


The old value of the semaphore 
flag bit is then avail- 
able in the test bit to be read back by the processor. 
If the value read back from the semaphore 
test bit is 
a "1", 
the requested 
resource 
is unavailable 
for use. 
If the value 
read 
back 
is a "0", 
the requested 
re- 
source 
is available 
for use and is now locked 
by the 
requesting 
processor 
or bus master. 
In this manner, 
set-and-test 
algorithms 
can be implemented 
without 
using the EISA bus lock function. 
The processor 
or 
EISA bus master 
unlocks 
the semaphore 
by simply 
writing 
a "0" 
to the associated 
semaphore 
flag bit. 


NOTE: 
The 
Semaphore 
ports 
and 
resources 
are 
locking 
only 
in a software 
sense, 
as in any semaphore 
in 
main 
memory. 
The 
Semaphore 
ports 
are identical 
and are not associated 
with either 
interface 
(EISA 
or Local). The protocol 
for the semaphores 
and the 
effect 
they have on other 
shared 
registers, 
like the 
Mailbox 
registers, 
is strictly 
a matter 
of 
how 
the 
system 
software 
chooses 
to use them. 


Implementing 
the semaphore 
in the BMIC instead of 
main memory 
eliminates 
the need for the BMIC to 
arbitrate 
for the 
EISA 
bus every 
time 
it wishes 
to 
update 
or test the semaphore. 
Note that the sema- 
phore 
scheme 
described 
here 
is functional 
only 
when a single device on the EISA is communicating 
with the BMIC; the semaphore 
coordinates 
"locks" 
between 
the single device 
and the local processor. 


In the case that multiple 
masters 
attempt 
to lock ac- 
cess 
to 
the 
BMIC, 
the 
masters 
must 
first 
agree 
amongst 
themselves 
which 
one has the privilege 
to 
use the BMIC semaphore 
port(s). 


A set of 16 8-bit general-purpose 
mailbox 
registers 
are used to pass information 
between 
the bus mas- 
ter expansion 
board 
and the EISA system. 
The 
16 
registers 
are mapped 
contiguously 
in EISA slot-spe- 
cific I/O space, 
so they can be accessed 
as bytes, 


words, or doublewords. 
These registers 
can be used 
to directly 
pass command 
and status information, 
or 
they 
can 
be used 
as pointers 
to larger 
command 
blocks 
in memory. 


The mailbox 
registers 
can be read or written 
at any 
time from either the EISA bus or the Local Processor 
interface. 
An internal 
arbitration 
is implemented 
in 
such a way that if there is a simultaneous 
read and 
write from both sides of a mailbox 
register, 
then the 
read operation 
will not contain 
indeterminate 
bits. In 
other 
words, 
when 
a read operation 
is done 
on a 
mailbox 
register 
at the same time as a write opera- 
tion to that register, the bit pattern that is read will be 
either the old bit pattern 
in the mailbox, 
or the new 
bit pattern 
being written, 
but never some transitory, 
invalid bit pattern. 


There 
are two 8-bit doorbell 
Interrupt/Status 
regis- 
ters in the BMIC, one assigned 
to the EISA side and 
one assigned 
to the expansion 
board side. The EISA 
System Doorbell 
register is used by the local proces- 
sor to request 
service 
from 
the EISA side and the 
Local Doorbell 
register 
is used by the device 
on the 
EISA side to send an interrupt 
request 
to the local 
processor 
on the bus master 
expansion 
board. The 
doorbell 
Interrupt/Status 
registers 
are implemented 
with "sticky" 
bits, so that individual 
bits in the regis- 
ter can be set by the interrupting 
device 
or reset by 
the servicing 
device without 
knowledge 
of the states 
of the other bits in the register. The eight bits in each 
doorbell 
register 
allow up to eight separate 
devices 
or events in each direction 
to have interrupt 
requests 
pending 
simultaneously. 
The 
interrupt 
requests 
pending 
in either 
of the two 
Doorbell 
registers 
are 
ORed 
with the other 
interrupt 
sources 
from 
within 
the BMIC, and the result is sent out over one of the 
two interrupt 
pins: LINT or EINT. 


Each doorbell 
register 
has an associated 
8-bit Inter- 
rupt Enable 
register 
used to enable 
or disable 
the 
interrupts 
on an individual 
basis. The BMIC also in- 
cludes 
a System 
Interrupt 
Enable/Control 
register 
and a Local Status/Control 
register 
used to disable 
the system 
(EINT) and local (LINT) interrupts 
and to 
verify the status 
of the system 
and local 
interrupts 
on a global 
basis 
(refer 
to Sections 
8.1.1.3.3 
and 
8.2.2). 


The following 
paragraphs 
describe 
the operation 
of 
the 
Local 
Doorbell 
Interrupt/Status 
register. 
The 
EISA 
System 
Doorbell 
Interrupt/Status 
register 
is 
similar, but operates 
in the opposite 
direction. 


Each device or event that can interrupt 
the bus mas- 
ter expansion 
board 
can be assigned 
a bit position 
within 
the 
BMIC's 
Local 
Interrupt/Status 
Doorbell 


inter 


register. 
When the device 
on the EISA bus wants to 
send an interrupt 
request 
to the bus master 
expan- 
sion 
board, 
it writes 
to the 
Local 
Interrupt/Status 
Doorbell 
register 
(from the EISA side) with that de- 
vice's 
assigned 
bit position 
set active. 
This will set 
that bit in the Local Interrupt/Status 
Doorbell 
regis- 
ter, but leave the other 
bits in the register 
unaffect- 
ed. If that bit position 
is not disabled, 
then the inter- 
rupt signal to the local processor 
will be asserted. 


When 
the 
local 
processor 
services 
the interrupt, 
it 
checks 
the Local Status/Control 
Register 
to deter- 
mine the source 
of the interrupt. 
If the control 
regis- 
ter indicates 
that the Local Doorbell 
register 
is one 
of the active 
interrupt 
sources, 
then the local proc- 
essor can read the Local Doorbell 
register 
to deter- 
mine which bits are active and requesting 
interrupts. 
If the local processor 
decides 
to service 
one of the 
requests 
from 
the 
Local 
Doorbell 
register, 
it can 
write 
to the 
Local 
Doorbell 
register 
with 
that 
bit's 
position 
set. This action will cause that bit in the Lo- 
cal Doorbell 
register 
to reset, but the other 
bits will 
remain unaffected. 
Thus, each bit in the Local Door- 
bell register 
is like a set-reset 
flip-flop, 
with the EISA 
bus controlling 
the "set" 
input, and the Local Proc- 
essor interface 
controlling 
the "reset" 
input. 


7.2 
Local Processor 
Recommendations 


The Local Processor 
interface 
to the BMIC will sup- 
port 
numerous 
processors, 
from 
the 
8088 
micro- 
processor 
to the 376™ 
embedded 
processor. 


The 80186, 
80C186, 
80188, 
and 80C188 
family 
of 
processors 
provide 
a clean 
interface 
to the BMIC's 
Local Processor 
interface 
and eliminate 
the need for 
additional 
logic. 
An 
on-board 
programmable 
wait- 


state 
generator 
eliminates 
the 
need 
for 
external 
wait-state 
generation 
logic 
between 
the 
processor 
and the BMIC during non-shared 
register 
accesses. 


7.3 
Requirements 
for No Local 
Processor 


The BMIC allows 
for expansion 
board 
designs 
that 
do not require a local processor. 
To support 
the pro- 
gramming 
of the BMIC in a no local processor 
board 
design, 
the Local Processor 
interface 
must be con- 
nected to the ISA bus. However, 
when the ISA bus is 
used, the BMIC must 
be informed 
that 
there 
is no 
local processor 
and that it must change 
its function 
slightly 
(refer to next section). 
To inform 
the BMIC 
that 
no local 
processor 
is present, 
LRDY 
must 
be 
driven low during RESET and remain Iowa 
minimum 
of two BCLKs after RESET is negated. 


The following 
circuit 
can be used 
to establish 
the 
proper 
LRDY /RESET 
timing as required 
for a no lo- 
cal processor 
design: 


7.4 
EISA 10 Function Support! 
Registers 


The BMIC provides 
support 
for the EISA expansion 
board 
ID function. 
The 
primary 
ID implementation 
takes advantage 
of the local processor. 
Upon reset, 
the local processor 
executes 
a routine from its ROM 
that 
writes 
the product 
identifier 
for the expansion 
board to the four 8-bit ID registers 
in the BMIC. The 
registers 
have accessed 
through 
the Local Proces- 
sor interface 
and are located 
at local index address- 
es 00h-03h. 
On the EISA side, these 
registers 
are 
mapped 
into the EISA slot specific 
ID address 
range 
XC80h-XC83h. 


R1 = 8.2K 
R2 = Depends 
on frequency 
of BCLK and application 
implemented. 


C1 = Depends 
on frequency 
of BCLK and application 
implemented. 
T1 = Active 
low tri-state 
buffer 
T2 = Active 
high tri-state 
buffer 


inter 


If the 
host 
CPU 
accesses 
the 
ID registers 
in the 
BMIC 
before 
the 
local 
processor 
has programmed 


_ them, the BMIC will return the setup delay ID code 
0111 XXXXh in the byte 0 ID register 
located 
at EISA 
slot specific 
I/O address XC80h. The byte 0 ID regis- 
ter should 
be programmed 
last by the local proces- 
sor. 


If a local 
processor 
is not used, 
external 
registers 
will have to be implemented 
on the expansion 
board 


to hold the expansion 
board ID value. The BMIC will 
automatically 
set its I/O decode 
range 0 registers 
to 


decode 
8-bit EISA ID addresses. 
The 10SELO# 
out- 
put signal can then be used to trigger 
external 
logic 
on the expansion 
board to enable 
ID data onto the 
IDAT <7:0 > data lines. The external 
lines connect- 
ed to the IDAT <7:0 > lines should 
be connected 
to 
the bus between 
the 
BMIC and the external 
F245 
data buffers. The BMIC will enable the external 
data 
buffers 
to drive 
byte lane 0 of the 
EISA bus upon 
detection 
of 
the 
ID 
address. 
The 
external 
logic 
should 
monitor 
SA 1 and SAO on the ISA bus to de- 
termine 
which data byte to drive. 


The following 
is a table of the Shared register 
group listing the number of registers, 
register 
type (read/write) 
as related 
to the local and EISA side, register 
name, and register 
size: 


Number 
EISA 
Local 
Register 
Name Type 
Active Bits 
Type 
per Register 


2 
R/W 
R/W 
Semaphore 
Register 
2 Bits 
16 
R/W 
R/W 
Mailbox Register 
8 Bits 
1 
R/W 
R/W 
Local DoorbelllnterruptiStatus 
Register 
8 Bits 
1 
R 
R/W 
Local Doorbell 
Enable Register 
8 Bits 
1 
R/W 
R 
EISA System Doorbell 
Interrupti 
Status Register 
8 Bits 
1 
R/W 
R 
EISA System Doorbell 
Enable Register 
8 Bits 
1 
R/W 
R 
System Interrupt 
Enable/Control 
Register 
8 Bits 
1 
R 
R/W 
Global Configuration 
Register 
8 Bits 
4 
R 
R/W 
ID Register 
8 Bits 


8.1.1 COMMAND/STATUS 
SUPPORT 
REGISTERS 


8.1.1.1 
Semaphore 
Ports (Read/Write) 


The BMIC contains 
two Semaphore 
ports which can 
be 
used 
to 
software 
lock 
resources 
between 
the 
EISA bus and the local processor. 
Each semaphore 
port controls 
a 1-bit semaphore 
flag. Upon reset, the 
Semaphore 
ports are reset to O. 


Semaphore 
Port 0 EISA Address-XC8Ah 
Semaphore 
Port 0 Local Index Address-OAh 


Semaphore 
Port 1 EISA Address-XC8Bh 
Semaphore 
Port 1 Local Index Address-QBh 


Bit 7-2 


Bit 1 


Bit 0 


-Reserved, 
set to 0 


-Semaphore 
Test bit (Read Only) 


-Semaphore 
Flag bit (Read/Write) 


Bit (0) reflects 
the actual value of the semaphore 
at 
any given instant. 
Whenever 
a write 
is done to the 
Semaphore 
Flag bit (0), its previous 
value is simulta- 
neously 
copied 
to the Semaphore 
test bit (1). Inter- 
nal to the 
BMIC, 
there 
are two 
test 
bits for each 
semaphore 
port: one for the EISA interface 
and one 
for the Local Processor 
interface. 
To do a test-and- 
set function, 
write 
to the semaphore 
port with the 
desired 
semaphore 
value in the flag bit. After a write 
has been completed, 
read the semaphore 
port and 
check 
the test 
bit to verify 
that 
a collision 
did not 
occur. 


8.1.1.2 
Mailbox 
Registers 
(Read/Write) 


The mailbox 
registers 
are sixteen 
8-bit, general 
pur- 
pose 
registers. 
The 
format 
of the 
contents 
of the 
mailbox 
registers 
is user-defined. 
The Mailbox 
regis- 
ter set is not initialized 
to a fixed value upon reset. 


• 


<:1;:>" "oaress-)l.L.~Un 
tnrough 
XC9Fh 
Local Index Address-10h 
through 
1Fh 


8.1.1.3 
Doorbell 
Registers 


8.1.1.3.1 
Local Doorbell 
Interrupt/Status 
Register 
(Read/Write) 


This register 
is implemented 
with "sticky" 
bits (refer 
to 
Section 
7.1.3). 
The 
Local 
Doorbell 
Interrupt/ 
Status 
register 
is used by the EISA bus to send an 
interrupt 
request to the expansion 
board. When read 
from, this register 
indicates 
the status of pending 
in- 
terrupt 
events. 
Upon 
reset, 
the 
Doorbell 
Interrupt/ 
Status register 
is reset to O. 


EISA Address-XC8Dh 
Local Index Address-ODh 


Bit 7-0 
1 = Doorbell 
interrupt 
pending 
(local CPU 
read) 


Set Doorbell 
bit (EISA write) 


Reset Doorbell 
bit (Local CPU write) 
o = No doorbell 
interrupt 
pending 
(Local 
CPU read) 


No action 
(EISA or local CPU write) 


Bits 0-7 
allow up to eight events 
or devices 
on the 
EISA side to interrupt 
the local side of the BMIC. The 
above bits can only be reset by the servicing 
proces- 
sor on the local side. 


8.1.1.3.2 
Local Doorbell 
Enable Register 
(Read/ 
Write) 


The 
Local 
Doorbell 
Enable 
register 
is used by the 
local 
processor 
to enable 
or disable 
interrupt 
re- 
quests to the local expansion 
board. This register 
is 
read only from the EISA side. Upon reset, the Door- 
bell Enable register 
is set to O. 


EISA Address-XC8Ch 
Local Index Address-oCh 


Bit 7-0 
1 = Enable 
doorbell 
interrupt 
for 
corre- 
sponding 
bit position 
o = Disable 
doorbell 
interrupt 
for 
corre- 
sponding 
bit position 


No action 
(EISA or local CPU write) 


Bits 0 through 
7 act as interrupt 
enables 
for bits 0 
through 
7 in the 
Local 
Interrupt/Status 
register 
re- 
spectively. 


8.1.1.3.3 
EISA System 
Doorbell 
Interrupt/Status 
Register 
(Read/Write) 


This register 
is implemented 
with "sticky" 
bits (refer 
to Section 
7.1.3). The EISA System 
Doorbell 
Inter- 
rupt/Status 
register 
is used by the expansion 
board 
to send an interrupt 
request 
to the EISA bus. When 
read from, this register 
indicates 
the status of pend- 
ing interrupt 
events. 
Upon 
reset, 
the 
EISA System 
Doorbell 
Interrupt/Status 
register 
is reset to O. 


EISA Address-XC8Fh 
Local Index Address-oFh 


Bit 7 -0 
1 = Doorbell 
interrupt 
pending 
(EISA 
read) 


Set Doorbell 
bit (Local CPU write) 


Reset Doorbell 
bit (EISA write) 
o = No doorbell 
interrupt 
pending 


i-f._f 
~~ 
'ne"aoove 
bits can only be reset 
by the servicing 
processor 
on the EISA side. 
This register is used to program 
the type of protocol, 
edge 
or level-triggered, 
that 
will 
be used 
with 
the 
EINT and LINT interrupt 
signals. The Global Config- 
uration register 
is also used to program 
the preempt 
timer and provide four bits for a BMIC hardware 
revi- 
sion number. This register is read only from the EISA 
side. Upon reset, Bits 0-3 
are reset to O. 


8.1.1.3.4 
EISA System 
Doorbell 
Enable 
Register 
(Read/Write) 


The 
EISA System 
Doorbell 
Enable 
register 
is used 
by the EISA processor 
to enable 
or disable 
interrupt 
requests 
to the EISA side. This register 
is read only 
from 
the 
local 
side. 
Upon 
reset, 
the 
EISA System 
Doorbell 
Enable register 
is reset to O. 


EISA Address-XC8Eh 
Local Index Address--QEh 


Bit 7 -0 
1 = Enable 
doorbell 
interrupt 
for 
corre- 
sponding 
bit position 
o = 
Disable 
doorbell 
interrupt 
for 
corre- 
sponding 
bit position 


Bits 0 through 
7 act as interrupt 
enables 
for bits 0 
through 
7 in the 
EISA 
System 
Doorbell 
Interrupti 
Status register 
respectively. 


8.1.1.3.5 
System 
Interrupt 
Enable/Control 
Reg- 
ister (Read/Write) 


This register 
is used by the processor 
on the EISA 
side to disable the EINT signal. The EISA processor 
also 
can 
read 
this 
register 
to 
determine 
whether 
there are any pending 
interrupt 
requests 
in the EISA 
System 
Doorbell 
Interrupti 
Status 
register. 
This reg- 
ister is read only from the local side. Upon reset, this 
register 
is reset to O. 


EISA Address-XC89h 
Local Index Address-09h 


Bit 7-2 
- 
Reserved, 
set to 0 


Bit 1 
- 
(read-only 
bit) 


1 = Enabled 
interrupts 
are 
pending 
in 
EISA 
System 
Doorbell 
Interrupti 
Status register 
o = No enabled 
interrupts 
are pending 
in EISA System 
Doorbell 
Interrupti 
Status register 


Enable interrupts 
from System 


Doorbell 
register 
(EISA write) 
o = Disable 
interrupts 
from System 


Doorbell 
register 
(EISA write) 


EISA Address-XC88h 
Local Index Address-08h 


Bits 7 -4 
(read-only) 


Hardware 
revision 
number 
of 
the 
BMIC 


Bit 3 
= System 
interrupt 
pin 
(EINT) 
uses 
edge-triggered 
protocol 
(Active 
high) 
o = System 
interrupt 
pin 
(EINT) 
uses 
level-triggered 
protocol 
(Active 
low 
open collector) 


Bit 2 
= Local interrupt 
pin (EINT) 
is set for 
active 
high operation 
o = Local 
interrupt 
pin (LINT) 
is set for 
active 
low operation 


Bit 1 
Delay to give up bus after preempt 


00 = 3 BCLKs 


01 = 32 BCLKs 


10 = 64 BCLKs 


11 = reserved 


The 
10 register 
set consists 
of four 8-bit 
registers. 


These registers 
are programmed 
at initialization 
time 
with the product 
identifier 
for the expansion 
board 
which contains 
the BMIC. The registers 
are mapped 
at read-only 
into the 
EISA 
10 110 address 
range. 
Upon 
reset, 
the 
10 byte 0 register 
will contain 
the 
value 0111XXXXh, 
which is the EISA 10 delay value. 


The local 
processor 
should 
program 
byte 0 last. 
If 
the 
external 
10 support 
scheme 
is selected, 
then 
these 
registers 
are disabled. 
The bit definitions 
de- 
fined below have significance 
for the EISA 10 proto- 
col, 
but 
not 
for 
any 
BMIC 
hardware 
functionality. 


Upon reset, 10 bytes 1-3 
are reset to O. 


inter 


EISA Address-XC80h 
through 
XC83h (bytes 0-3) 
Local Index Address-Qh 
through 
3h (bytes 0-3) 


Byte 0 


Byte 1 


Byte 2 


Byte 3 


7 
6 
5 
4 
3 
2 
1 
0 
- 
MCC14 
MCC13 
MCC12 
MCC11 
MCC10 
MCC24 
MCC23 


MCC22 
MCC21 
MCC20 
MCC34 
MCC33 
MCC32 
MCC31 
MCC30 


MCC43 
MCC42 
MCC41 
MCC40 
MCC53 
MCC52 
MCC51 
MCC50 


MCC63 
MCC62 
MCC61 
MCC60 
MCC73 
MCC73 
MCC71 
MCC70 


Bit 7 


Bits 6-2 
MCC1 <4:0> 


Bits 1, 0 
MCC2<4:3> 


Reserved 


First character 
of manufacturer's 
code 


First portion 
of Second 
character 
of manufacturer's 
code 


Bits 7-5 
MCC2<2:0> 


Bits 4-0 
MCC3<4:0> 


Second 
portion 
of Second 
character 
of manufacturer's 
code 


Third character 
of manufacturer's 
code 


Bits 7-4 
MCC4<3:0> 


Bits 3-0 
MCC5<3:0> 


First hex digit of product 
number 


Second 
hex digit of product 
number 


Bits 7-4 
MCC6<3:0> 


Bits 4-0 
MCC7<3:0> 


First hex digit of product 
revision 


Second 
hex digit of product 
revision 


inter 


The following 
is a table of the Local Processor 
Only register group listing the number of registers, 
register type 
(read/write) 
as related 
to the local side, register 
name, and register 
size: 


Number 
Local 
Register 
Active 
Bits 
Type 
Name 
per Register 


INDEX REGISTERS 


1 
R/W 
Local Index Register 
8 Bits 
1 
R/W 
Local Data Register 
8 Bits 
1 
R/W 
Local Status/Control 
Register 
8 Bits 


DATA CHANNEL 
TRANSFER 
REGISTERS 


4 
R/W 
Data Transfer 
Channel 0 Base Address 
Register 
8 Bits 
4 
R/W 
Data Transfer 
Channel 
1 Base Address 
Register 
8 Bits 
4 
R 
Data Transfer 
Channel 
0 Current Address 
Register 
8 Bits 
4 
R 
Data Transfer 
Channel 
1 Current Address 
Register 
8 Bits 
3 
R/W 
Data Transfer 
Channel 
0 Base Count Register 
8 Bits 
3 
R/W 
Data Transfer 
Channel 
1 Base Count Register 
8 Bits 
3 
R 
Data Transfer 
Channel 
0 Current Count Register 
8 Bits 
3 
R 
Data Transfer 
Channel 
1 Current Count Register 
8 Bits 


DATA TRANSFER 
CONTROL/STATUS 
REGISTERS 


1 
W 
Channel 
0 Transfer 
Strobe Register 
0 
1 
W 
Channel 
1 Transfer 
Strob~ Register 
0 
1 
R/W 
Channel 
0 Configuration 
Register 
8 Bits 
1 
R/W 
Channel 
1 Configuration 
Register 
8 Bits 
1 
R 
Channel 
0 Status Register 
6 Bits 
1 
R 
Channel 
1 Status Register 
6 Bits 


PEEK/POKE 
REGISTER 


4 
R/W 
Peek/Poke 
Address 
Register 
8 Bits 
4 
R/W 
Peek/Poke 
Data Register 
8 Bits 
1 
R/W 
Peek/Poke 
Control Register 
8 Bits 


1/0 DECODE 
REGISTERS 


1 
R/W 
I/O Decode 
Range 0 Base Address 
Register 
8 Bits 
1 
R/W 
I/O Decode 
Range 1 Base Address 
Register 
8 Bits 
1 
R/W 
I/O Decode 
Range 0 Control Register 
8 Bits 
1 
R/W 
I/O Decode 
Range 1 Control 
Register 
8 Bits 


TRANSFER 
BUFFER INTERFACE 
(TBI) REGISTERS 


2 
R/W 
TBI Channel 
0 Base Address 
Register 
8 Bits 
2 
R/W 
TBI Channel 
1 Base Address 
Register 
8 Bits 
2 
R 
TBI Channel 
0 Current Address 
Register 
8 Bits 
2 
R 
TBI Channel 
1 Current Address 
Register 
8 Bits 


• 


The BMIC's 
register 
set is accessed 
using the local 
Index and Local 
Data register 
set (refer to Section 
3.2.6.1). 
The 
Local 
Index and 
Local 
Data registers 
are mapped 
directly 
into the Local 
Processor 
inter- 
face of the BMIC. 


8.2.1.1 
Local Index Register 
(Read/Write) 


The Local Index register contains 
the address 
of the 
BMIC register 
that 
is currently 
being 
accessed. 
An 
optional 
auto-increment 
mode is supported 
through 
this register, 
which 
automatically 
increments 
the in- 
dex register 
after 
each 
Local 
Data register 
read or 
write. Upon reset, the Local Index register is set to O. 


Bit 7 
- 
1 = Autoincrement 
local 
index 
register 
after access 
to local data register 
o = Do not autoincrement 


Bits 
6-0 
- 
Local index address 


8.2.1.2 
Local Data Register 
(Read/Write) 


During a BMIC local register access, the value of the 
register 
being accessed 
is passed through this regis- 
ter. 


8.2.2 LOCAL 
STATUS/CONTROL 
REGISTER 
(READ/WRITE) 


The Local Status/Control 
register is directly 
mapped 
into the Local Processor 
interface 
and is accessible 
using the two address 
lines (LADS < 1:0». 
This reg- 
ister provides 
current 
local doorbell 
interrupt 
status, 
current Channel 
0 and Channel 
1 interrupt 
and Base 
register 
status, and current 
peek/poke 
cycle status. 
This register 
is also used by the local processor 
on 
the expansion 
board to disable 
and provide 
the cur- 
rent status of the LINT signal (active or inactive). 
Bit 
4 in this register 
is read/write 
and the remaining 
bits 
are read only. Upon reset, the Local Status/Control 
register 
is reset to O. 


Bit 7 - 
R 
1 = Enabled 
interrupts 
are pending 
in 
Local Doorbell 
register 
o = No enabled 
interrupts 
are pend- 
ing in Local Doorbell 
register 


Bit 6 - 
R 
1 = Enabled 
interrupts 
are 
pending 
from channel 
1 events 
o = No enabled 
interrupts 
are pend- 
ing from channel 
1 events 


Bit 5 - 
R 
1 = Enabled 
interrupts 
are 
pending 
from channel 
0 events 
o = No enabled 
interrupts 
are pend- 
ing from channel 
0 events 


Bit 4 - 
R/W 
1 = Local interrupts 
enabled 
o = All local interrupts 
disabled 


Bit 3 - 
R 
1 = Local 
interrupt 
signal 
(LINT) 
is 
currently 
active 
o = LINT signal is currently 
inactive 


Bit 2 - 
R 
1 = Most 
recent 
peek/poke 
com- 
mand is still pending 
o = Most 
recent 
peek/poke 
com- 
mand is complete 


Bit 1 - 
R 
1 = Base register 
set for channel 
1 is 
busy 
o = Base 
register 
set 
channel 
1 is 
available 


Bit 0 - 
R 
1 = Base register 
set for channel 
0 is 
busy 
o = Base register 
set for channel 
0 is 
available 


The Data Channel 
Transfer 
register 
set is used to 
control 
burst 
and 
standard 
EISA 
data 
transfers. 
Each transfer 
channel 
has a set of Base and current 
registers, 
and also a Transfer 
Strobe, 
Configuration, 
and Status register. 


NOTE: 
The Base register 
set and the Transfer 
Strobe 
reg- 
ister must 
be initialized 
before 
a transfer 
can take 
place. They are not initialized 
to a fixed value upon 
reset. 


8.2.3.1 
Channel 
0 and 
1 Transfer 
Base Address 
Registers 
(Read/Write) 


Each Channel 
has an associated 
Base Address 
reg- 
ister set. The Transfer 
Base Address 
registers 
are 
programmed 
with the 32-bit 
starting 
address 
to be 
used during the data transfer. 
After the Base regis- 
ters have been programmed, 
they should not be pro- 
grammed 
again until the contents 
of the Base regis- 
ters have been transferred 
to the Current 
registers. 
The Base Address 
registers 
are not initialized 
to a 
fixed value upon reset. 


Channel 
0 Local 
Index 
Address-43h 
through 
46h 
(bytes 0 through 
3) 
Channel 
1 Local 
Index 
Address-63h 
through 
66h 
(bytes 0 through 
3) 


BYTE 3 I. 
BYTE 2 
BYTE 0 
1 


8.2.3.2 
Channel 
0 and 
1 Transfer 
Current 
Address 
Registers 
(Read 
Only) 


Each 
Channel 
has an associated 
Current 
Address 
register 
set. The Tra.nsfer Current 
Address 
registers 
contain 
the real-time 
status of the 32-bit transfer 
ad- 
dress. The Current 
Address 
registers 
are not initial- 
ized to a fixed value upon reset. 


NOTE: 
The 
current 
register 
set 
is readable 
by the 
local 
processor. 
However, 
there 
are possible 
coherency 
problems 
involved 
with reading 
multiple 
bytes while 
the 
current 
registers 
are 
being 
updated 
during 
a 
transfer. 
To 
avoid 
these 
problems, 
a 
channel's 
transfer 
should 
be 
temporarily 
suspended 
(using 
the channel's 
Configuration 
Register) 
before 
trying 
to read the channel's 
current 
register 
set. 


Channel 
0 Local 
Index Address-53h 
through 
56h 
(bytes 0 through 
3) 
Channel 
1 Local 
Index Address-73h 
through 
76h 
(bytes 0 through 
3) 


BYTE 0 
I 


8.2.3.3 
Channel 
0 and 
1 Transfer 
Base Count 
Registers 
(Read/Write) 


Each Channel 
has an associated 
Base Count regis- 
ter set. The Transfer 
Base Count registers 
are pro- 
grammed 
with the number of bytes to be transferred. 
Each 
Channel 
has 22 bits of counter 
space 
for a 
maximum 
transfer 
block 
size of 4 Mbytes. 
Bits 22 
and 
23 
are 
used 
for 
channel 
control. 
The 
Base 
Count registers are no\ ini\ialized 
to a fixed 
value 
upon reset. 


Channel 0 Local Address-40h 
through 
42h (bytes 0 
through 
2) 
Channel 
1 Local Address-60h 
through 62h (bytes 0 
through 
2) 


Bit 23 
- 
R/W 
1 = Start 
transfer 
as 
soon 
as 
base 
register 
set is copied 
to current 
register 
set 
o = Hold 
transfer 
after 
current 
register 
set is loaded 
Wait 
for transfer 
suspend 
bit 0 to 
be reset 


Bit 22 
- 
W 
= Transfer 
from 
bus 
master 
expansion 
board 
to 
EISA 
bus (EISA write) 
o = Transfer 
from 
EISA bus to 
bus 
master 
expansion 
board (EISA write) 


Bits 0-21 
- 
R/W 
Transfer 
byte count 


If bit 23 in the Base Count register 
is not set to a 1, 


the channel 
suspend 
bit (CFGSU) 
in that channel's 
corresponding 
configuration 
register 
is automatically 
set to a 1. The bit will be set during the Base register 
to Current register transfer. 
This insures that a chan- 
nel request 
for that channel 
is not generated. 
When 
the local processor 
resets 
the channel 
suspension 
bit to 0 in the corresponding 
Configuration 
register, a 
transfer 
request 
will be generated. 


NOTE: 
If the initial byte count is programmed 
to be "0", 
no 
transfer 
request 
will be generated 
and 
no transfer 
will occur. 


8.2.3.4 
Channel 
0 and 
1 Transfer 
Current 
Count 
Registers 
(Read 
Only) 


Each Channel 
has an associated 
Current Count reg- 
ister set. The Transfer 
Current 
Count registers 
con- 
tain 
the 
22-bit 
value 
representing 
the 
number 
of 
bytes 
remaining 
to be transferred 
on the channel. 


This value can be from 
byte to 4 Mbytes. 
Bit 23 is 
reserved. 
Bit 22 is used to indicate 
the direction 
of 
the transfer. 
Upon reset, the Current Count registers 
are not initialized. 


Channel 
0 Local 
Index Address-50h 
through 
52h 
(bytes 0 through 
2) 
Channel 
1 Local 
Index Address-70h 
through 
72h 
(bytes 0 through 
2) 


inter 


- 
Reserved 


- 
1 = Current 
transfer 
is from bus mas- 
ter expansion 
board to EISA bus 
o = 
Current 
transfer 
is from EISA bus 
to bus master 
expansion 
board 


Bits 0-21 - 
Current transfer 
byte count 


Bit 23 


Bit 22 


8.2.4 DATA TRANSFER 
STATUS/CONTROL 
REGISTERS 


8.2.4.1 Channel 
0 and 1 Transfer 
Strobe 
Registers 
(Write 
Only) 


Each channel 
has an associated 
Transfer 
Channel 
Strobe register. The Strobe register is used to initiate 
the transfer 
of information 
from the Base· register set 
to the Current 
register 
set. The act of writing to this 
register 
will 
initiate 
the 
Base 
to 
Current 
transfer. 


There are no bits to this register, 
the data written 
to 
this 
register 
is ignored 
and the 
register 
cannot 
be 
read. 


If bit 23 in the Transfer 
Base Count Register 
is set to 
a 1, the data transfer 
will be requested 
immediately. 
Otherwise, 
the 
transfer 
will 
wait 
until 
the 
transfer 
suspend 
bit CFGSU 
for the corresponding 
channel 
is reset. 
The transfer 
suspend 
bit is located 
in the 
Configuration 
register. 


Channel 
0 Local Index Address-49h 
Channel 
1 Local Index Address-69h 


8.2.4.2 Channel 
0 and 1 Transfer 
Channel 
Configuration 
Registers 
(Read/Write) 


Each channel 
has an associated 
Transfer 
Configura- 
tion register. 
Upon reset, the Configuration 
register 
set is reset 
to O. The Configuration 
register 
set is 
used to configure 
the channels 
as follows: 


Channel 
0 Local Index Address-48h 
Channel 
1 Local Index Address-68h 


Bit 7 - 
CFGEA 
1 = Enable 
transfer 
logic 


0= 
Disable 
transfer 
logic 


real-time 
address 
to 
transfer 
buffer 


real-time 
address 
to 
transfer 
buffer 


Bit 6 - 
CFGIE 
1 = Enable 
interrupt 
on external 
TEOP 
o = Disable 
interrupt 
on external 
TEOP 


Bit 5 - 
CFGIT 
1 = Enable 
interrupt 
on 
transfer 
complete 
o = Disable 
interrupt 
on transfer 
complete 


Bit 4 - 
CFGFF 
= Give 
up ownership 
of 
EISA 
bus if a transfer 
interruption 
occurs 
on this channel 
o = Retain 
ownership 
of 
EISA 
bus if a transfer 
interruption 
occurs 
on this channel 


Bit 3 - 
CFGBR 
1 = Enable EISA burst transfer 
o = Disable burst transfers 
(chan- 
nel uses non-burst 
(2 BCLK) 
cycle transfers) 


Bit 2 - 
CFGCL 
1 = Clear channel 


Stop any transfers 
and flush 
the data FIFO 
o = No operation 


Always returns a 0 when read 


Bit 1 - 
CFGEI 
= Disable 
loading 
of 
current 
registers 
from bases if Status 
Register 
Bit (TSTET) 
on this 
channel 
is set 


Allow 
loading 
of current 
reg- 
isters when 
(TSTET) 
is reset 
(or not set) 
o = Always 
load 
current 
register 
from base registers 


Bit 0 - 
CFGSU 
1 = Temporarily 
suspend 
transfer 
o = Allow transfer 
to proceed 


The 
CFGEA 
Bit 
enables 
the 
real-time 
address 
transfer 
to the transfer 
buffer logic. If the CFGEA 
bit 
is set to a 1, the transfer 
buffer real-time 
address 
for 
the active channel 
is transferred 
to the transfer 
buff- 
er logic each time that channel 
regains 
the bus and 
the start address 
is transferred 
each time the Base 
register 
contents 
are loaded 
into the corresponding 
current 
registers. 
If the CFGEA 
bit is set to 0, the 
address 
load signal 
(TLD#) 
is activated 
only when 
the Base is loaded 
into the Current 
register 
(refer to 
Section 
5.3). 


The CFGIE 
Bit enables 
an interrupt 
on the external 
transfer 
end signal TEOP #. An interrupt 
will be gen- 
erated only if the BMIC detects 
TEOP# 
and TACK# 
active 
at the same 
time 
before 
the byte count 
ex- 
pires. 


inter 


If TEOP# 
and TACK# 
are active 
on an EISA read 
before the byte count reaches zero, then an interrupt 
will 
be generated 
immediately. 
ON an EISA write, 
the effect 
of the TEOP# 
will not be seen until the 
FIFO is emptied, 
so an interrupt 
will happen 
only if 
the FIFO is emptied 
before the byte count expires. 


The 
CFGIT 
Bit 
enables 
an 
interrupt 
on 
transfer 
complete 
(EOP). 


The CFGFF 
Bit controls 
whether 
EISA bus owner- 
ship 
is relinquished 
after 
a transfer 
interruption 
or 
maintained. 
When 
a channel 
is interrupted 
for any 
reason, 
(1K page 
break, 
FIFO stall, channel 
clear, 
transfer 
suspended, 
transfer 
complete, 
or transfer 
terminated), 
the BMIC may relinquish 
the EISA bus 
depending 
on the 
state 
of the 
CFGFF 
bit in the 
above 
register. 
The function 
of the CFGFF 
bit, as 
related 
to the above channel 
interruptions, 
is as fol- 
lows: 


If the CFGFF 
bit = 1, the BMIC will relinquish 
con- 
trol of the EISA bus upon the detection 
of any of the 
above 
interruptions. 
This 
will 
occur 
regardless 
if 
there 
are additional 
data transfer 
requests 
pending. 
If there 
are additional 
data transfer 
requests 
pend- 
ing, the BMIC will reassert 
MREQ# 
two BCLK later 
to reacquire 
the EISA bus. 


If the CFGFF bit = 0, the BMIC will retain ownership 
of the EISA bus as long as there are data requests 
pending 
and a preempt 
timer time-out 
has not oc- 
curred. If there are no additional 
data requests 
pend- 
ing, the BMIC will relinquish 
ownership 
of the EISA 
bus 
upon 
the 
detection 
of a transfer 
interruption. 
The BMIC will follow 
the arbitration 
priority 
scheme 
outlined 
in the arbitration 
section when servicing 
the 
data transfer 
requests 
after a transfer 
interrupt 
has 
occurred. 


NOTE: 
During a FIFO pause, CFGFF 
is ignored. 


The CFGBR 
Bit defines 
the type of transfer 
cycles 
(burst 
or non-burst) 
that 
can be requested 
on the 
transfer 
channel. 
If burst cycles 
have been selected 
and system 
memory 
is unable 
to run burst cycles, 
the 
BMIC 
will 
default 
to non-burst 
(two 
BCLK) 
or 
mismatched 
cycles. 


The CFGCL Bit is used to generate 
a channel 
clear. 


A channel 
clear terminates 
the current 
transfer 
and 
flushes 
the associated 
FIFO. The FIFO is reset dur- 
ing the nex1 Base to Current 
register 
copy. 


If a channel 
is enabled 
for a transfer 
during a Chan- 
nel clear, the BMIC will generate 
an end of process 
by asserting 
(TEOP #). If the channel 
is not enabled 
for a transfer, 
a TEOP # will not be generated. 
The 
channel 
clear will be active for at least two complete 
BCLK cycles. 


The CFGEI 
Bit is used to disable 
the reloading 
of 
the Current 
register 
set from 
the Base 
register 
set 
during a transfer 
termination 
due to the transfer 
buff- 


er 
logic 
asserting 
TEOP # 
and 
TACK # 
simulta- 
neously. 
This allows the local processor 
to read the 
contents 
of Current registers 
before the Current 
reg- 
isters 
are cleared 
by the 
reloading 
of new 
values 
from 
the 
base 
Registers. 
The 
local 
processor 
can 
enable reloading 
of the Current from the Base, either 
by clearing 
bit 1 in that 
channel's 
Transfer 
Status 
register 
(Le., servicing 
the interrupt 
due to TEOP#) 
or by resetting 
the CFGEI bit to a "0". 


The CFGSU 
Bit is used to temporarily 
suspend 
the 
data transfer. 


8.2.4.3 Channel 
0 and 1 Transfer 
Channel 
Status 
Registers 
(Read/Write) 


Each channel 
has an associated 
Transfer 
Channel 
Status 
register. 
Bits 2 through 
4 are read only and 
bits 5 through 
7 are reserved. 
Upon reset, the Chan- 


nel Status register 
set is reset to O. 


Channel 
0 Local Index Address-4Ah 
Channel 
1 Local Index Address-6Ah 


Reserved. 
0 should 
be writ- 
ten 
into 
these 
bits 
during 
writes. 
Ignore 
any data 
on 
these 
bits 
during 
register 
reads 


1 = The FIFO is currently 
stalled 
o = The FIFO is active 


1 = The transfer 
channel 
is en- 
abled 
for 
transfer 
(transfer 
in progress) 
o = The transfer 
channel 
is not 
enabled 
for transfer 
(trans- 
fer not in progress) 
= A transfer 
is in progress 
on 
this 
channel 
(Channel 
re- 
quest is active) 
o = No 
transfer 
is in progress 
on this channel 
(Channel 
re- 
quest is not active) 


by TEOP# 
(read) 


Reset this bit (write) 
o = No TEOP # termination 
de- 
tected 
(read) 


- 
R/W 
= Transfer 
completed 
on this 
channel 
(read) 


Reset this bit (write) 
o = No 
transfer 
completion 
on 
this channel 
(read) 


No action 
(write) 


Bits (7), (6), and the TST1 K Bit are reserved. 
Any 
data read from these bits should 
be ignored. 


The TSTFF 
Bit is read only and indicates 
whether 
the FIFO for the corresponding 
channel 
stalled. 


The TSTEN 
and TSTIP 
Bits are read only and indi- 
cate whether 
the corresponding 
channel 
is request- 
ing a transfer 
or whether 
the channel's 
transfer 
is 
currently 
in progress. 


The TSTET 
Bit is read/write 
and is used to indicate 
the 
current 
external 
TEOP# 
termination 
status 
of 
the 
transfer. 
If TEOP# 
and 
TACK 
are 
asserted 
simultaneously 
by the transfer 
buffer logic, the BMIC 
will set bit (1) to a 1 and generate 
an interrupt 
to the 
local processor. 
The BMIC will not generate 
the in- 
terrupt 
if the CFGIE bit in the channel's 
correspond- 
ing Transfer 
Configuration 
register 
is set to a o. 


The TSTTC 
Bit is read/write 
and is used to indicate 
the current 
end-of-process 
status 
of the transfer. 
If 
an EOP occurs, 
the BMIC will set bit (0) to a 1 and 
generate 
an interrupt 
to the 
local 
processor. 
The 
BMIC will not generate 
the interrupt 
if the CFGIT bit 
in the channel's 
corresponding 
Transfer 
Configura- 
tion register 
is set to a o. 


NOTE: 
The TSnC 
and TSTET 
Bits are implemented 
with 
sticky 
bits. 
These 
bits 
can 
be 
reset 
by the 
local 
processor 
without 
affecting 
the status 
of the other 
bits in the register. 


The Peek/Poke 
register set consists 
of four 8-bit Ad- 
dress 
registers, 
four 
8-bit 
Data 
registers 
and 
one 
Peek/Poke 
control 
register. 
The Address 
and Data 
registers 
are used to define 
the 32-bit address 
and 
data that will be used during the peek/poke 
cycles, 
and the Control 
register 
is used to request 
and de- 
fine the type of cycle 
that will be generated 
(peek, 
poke, 
or 
locked 
exchange). 
The 
peek/poke 
or 


Peek/Poke 
control 
register. 
During Reset, the Peek/ 
Poke Address 
registers 
and the Control 
register 
are 
reset to o. 


8.2.5.1 
Peek/Poke 
Address 
Registers 
(Read/Write) 


The four 8-bit Peek/Poke 
Address 
registers 
contain 
the 32-bit peek/poke 
address. 
Only the lower 16 bits 
are used for I/O 
cycles. 
Address 
bits 0 and 
1 are 
ignored. 
Upon reset, this register 
is reset to o. 


Local 
Index 
Address-34h 
through 
37h 
(bytes 
0 
through 
3) 


8.2.5.2 
Peek/Poke 
Data Registers 
(Read/Write) 


The 
four 
8-bit 
peek/poke 
data 
registers 
hold 
the 
data for the peek/poke 
cycle. Each peek/poke 
data 
register 
is associated 
with 
one 
byte 
lane. 
During 
peek transfers, 
only those peek/poke 
data registers 
whose 
corresponding 
byte enable 
bit is set in the 
peek/poke 
control 
register contain valid data. During 
poke transfers, 
the data must be placed 
in the ap- 


propriate 
register 
as determined 
by the correspond- 
ing byte enable 
bit. 


Local 
Index 
Address-30h 
through 
33h 
(bytes 
0 
through 
3) 


The Shared 
register 
timings 
(t85, t93, t96-t98) 
are 
used when accessing 
the Peek/Poke 
Data registers. 


8.2.5.3 
Peek/Poke 
Control 
Register 
(Read/Write) 


The Peek/Poke 
Control 
register 
is written 
to by the 
local 
processor 
when 
a peek/poke 
transfer 
is de- 


sired over the EISA bus. Upon reset, this register 
is 
reset to O. 


Bit 7 
- 
Reserved. 
Set to 0 


Bit 6 
- 
10 = Do read cycle 
(peek) 


Bit 5 
- 
01 = Do write cycle (poke) 
11 = Do 
locked 
exchange 
cycle 
(peek/ 
poke) 


00 = Do Nothing 
(Nop) 


Bit 4 
1 = Do memory 
cycle 
o = Do I/O cycle 


Bit31 
Bit 2 
Bit 1 
BitO 


1 = Byte enable 
for given byte lane 
o = Byte disable 
for given byte lane 


Bits 
(6) and (5) are used to define the type of cycle 
requested 
(peek, poke or locked 
exchange). 


Bits 
(3-0) 
are used to define 
the byte enables 
for 
the 
doubleword 
data 
written 
to 
or read 
from 
the 
Peek/Poke 
data register. 
Peek/Poke 
cycles 
will not 
be generated 
for 
illegal 
combinations 
of byte 
en- 
ables. 


ILLEGAL 
COMBINATIONS 
OF BYTE ENABLES: 
Bits 3-0 
IBE# 
<3:0> 


0000 
1111 
0101 
1010 
1001 
0110 
1010 
0101 
1011 
0110 
1101 
0010 


NOTE: 
Bits 
3-0 
in 
the 
above 
register 
are 
active 
high 
whereas 
the EISA byte enables 
(IBE # < 3-0 » 
are 
active 
low. 


The I/O Decode 
Range register 
set consists 
of two 
I/O Decode 
Range Base Address 
registers 
and two 
I/O 
Decode 
Range Control 
Registers. 
The Address 
registers 
are used 
to define 
the 
address 
range 
of 
interest 
to the expansion 
board and the Control 
reg- 
isters are used to define the decode 
range size, type 
of 
decode 
(slot 
specific 
or general), 
and 
the 
re- 
sponse 
of the local I/O 
(32-bit 
EISA or 8-bit EISA). 
The 
I/O 
decode 
register 
set 
controls 
the 
two 
10SEL# 
pins on the BMIC. Each pin has an associ- 
ated Address 
and Control 
register. 


Upon reset, the I/O Decode 
Range registers 
are ini- 
tialized 
according 
to the following 
table: 


'Local 
'Local 
Local 
Processor 
Processor 
Processor 
Not 
Present 
Present 


Range 
Rng 0 
Rng 1 
RngO 
Rng 1 


Control Registers 
60h 
60h 
20h 
20h 
Address 
Registers 
EOh 
OOh 
OOh 
OOh 


'Refer 
to Section 
7.3 for information 
regarding 
"local 
proc- 
essor present" 
or "local 
processor 
not present". 


8.2.6.1 
Range 
0 and 
1 I/O Decode 
Base Address 
Register 
(Read/Write) 


Each Decode 
range and 10SEL # pin has an associ- 
ated I/O Decode 
Range Base Address 
register. 


Range 0 Local Index Address-39h 
Range 
1 Local Index Address-3Bh 


During 
general 
I/O 
decode, 
bits 0-7 
are used 
to 
compare 
against 
EISA address 
lines LA < 9:2 >. Dur- 
ing slot specific 
decode, 
bits 6 and 7 are compared 
against 
EISA address 
lines LA<11:10> 
and bits 0- 
5 
are 
compared 
against 
EISA 
address 
lines 
LA < 7:2 > (refer to Section 
4.8). 


8.2.6.2 
Range 
0 and 
1 I/O 
Decode 
Control 
Registers 
(Read/Write) 


Each Decode 
range and 10SEL # pin has an associ- 
ated I/O Decode 
Range Control 
register. 


Range 0 Local Index Address-3Ah 
Range 1 Local Index Address-3Ch 


Bit 7 -1 
= 
0= 


Bit6-1 
= 
0= 


Bit 5-1 
= 


0= 


Bit4-1 
Bit3- 


Respond 
as a 32-bit EISA I/O device 
Respond 
as an 8-bit EISA I/O device 


Slot Specific 
I/O 
Decode 
General 
I/O Decode 


10SEL# 
held during CMD# 
active 
10SEL# 
follows 
I/O address 
changes 


Do not compare 
I/O Range Base Reg- 
ister and corresponding 
EISA address 
bit (Mask) 


Compare 
I/O 
Range 
Base 
Register 
with corresponding 
EISA address 
bit 
Bit2- 
0 = 
Bit1- 
BitO- 


inter 


Refer 
to Section 
4.7 for a complete 
description 
of 
the 
I/O 
Decode 
Range 
Control 
registers 
and 
the 
BMIC decode 
function 
in general. 


8.2.7 TRANSFER 
BUFFER 
INTERFACE 
(TBI) 
REGISTERS 
(READ/WRITE) 


The TBI registers 
are programmed 
to provide the 16- 
bit start address 
of the data transfer 
for use by the 
transfer 
buffer 
logic 
(refer 
to 
Section 
5.3). 
Each 
transfer 
channel 
has a corresponding 
TBI Base and 
Current 
Address 
register 
set. The 
contents 
of the 
TBI 
Base 
Address 
registers 
are transferred 
to the 
TBI Current 
Address 
registers 
during a write to the 
channel's 
corresponding 
Transfer 
Channel 
Strobe 
Register. 


8.2.7.1 
Channel 
0 and 1 TBI Base Address 
Registers 
(Read/Write) 


The BMIC provides 
two 8-bit TBI Base Address 
reg- 
isters 
per channel. 
The 
registers 
are programmed 
with the 16-bit start address 
of the data transfer 
in 
the transfer 
Buffer memory space. The TBI Base Ad- 
dress 
register 
set is not initialized 
to a fixed 
value 
upon reset. 


Channel 
0 Local Index Address-4Bh 
and 4Ch (byte 
o and 1) 
Channel 
1 Local Index Address-6Bh 
and 6Ch (byte 
o and 1) 


8.2.7.2 
Channel 
0 and 1 TBI Current 
Address 
Registers 
(Read Only) 


The 
BMIC 
provides 
two 8-bit TBI Current 
Address 
registers 
per channel. 
The TBI Current Address 
reg- 
isters 
contain 
the 
16-bit 
real-time 
address 
of the 
data transfer. 
The contents 
of the Current 
register 
set are transferred 
to the external 
buffer logic at the 
beginning 
of 
every 
new 
data 
block 
transfer. 
The 
BMIC may also be programmed 
to transfer 
the con- 
tents 
of the Current 
Address 
register 
each time the 
corresponding 
channel 
regains 
control 
of the 
bus 
(refer to Section 
5.3). The TBI Base Address 
register 
set is not initialized 
to a fixed value upon reset. 


Channel 
0 Local Index Address-58h 
and 59h (byte 
o and 1) 
Channel 
1 Local Index Address-78h 
and 79h (byte 
o and 1) 


NOTE: 
The 
TBI 
current 
registers 
contain 
real-time 
status 
and 
may 
change 
at anytime. 
If a stable 
value 
is 
needed 
while 
reading 
a set of these 
registers, 
the 
channel 
should 
be temporarily 
suspended 
by set- 
ting 
the 
CFGSU 
bit in the 
Channel 
Configuration 
register 
to a 1 before these 
registers 
are read. 


inter 


Pin Name 
Description 


START# 
I/O 
TRI-STATED 
(EISA CYCLE START STROBE) 
The START # signal provides 
timing control 
at the start of a cycle. During EISA master 
mode, the BMIC drives this signal low after LA <31 :2> 
and M/IO 
become valid and negates 
START# 
on the rising edge of BCLK after one BCLK cycle time. During EISA slave mode, 
the BMIC uses this signal to indicate the start of a slave bus cycle. It is sampled 
on the rising 
edge of BCLK. Upon reset, this pin is tri-stated 
and placed in input mode. 


CMD# 
INPUT 
(EISA COMMAND 
STROBE) 
The CMD# 
provides timing control 
within the cycle. The 82358 Bus Controller 
asserts 
CMD# 
on the rising edge of BCLK, simultaneously 
with the negation 
of START#. 
CMD# 
is 
held low until the end of the cycle. The BMIC uses CMD# 
in EISA slave mode for timing 
control 
during internal Shared register read/write 
accesses. 


M/IO 
I/O 
TRI-STATED 
(EISA MEMORY /10 CYCLE STATUS 
PIN) 
MilO 
is used to indicate that the type of cycle in progress 
is a memory cycle (high) or I/O 
cycle (low). M/IO 
is pipelined 
from one cycle to the next and must be latched 
by the 
addressed 
memory slave if needed for the whole cycle. During EISA master mode, the 
BMIC drives this signal. The BMIC will drive this pin high during burst and non-burst 
(two 
BCLK) cycles. The value of M/IO 
in a Peek/Poke 
or locked exchange 
cycle depends 
on the 
programmed 
value of bit 4 in the Peek/Poke 
Control register. 
During EISA slave mode, the 
M/IO 
pin is an input. As a slave, the BMIC will only respond 
as an I/O device. Upon reset, 
this pin is tri-stated 
and placed in input mode. 


W/R 
I/O 
TRI-STATED 
(EISA WRITE/READ 
CYCLE STATUS 
PIN) 
The W /R status signal identifies 
the cycle as a write (high) or read (low). W /R is pipelined 
from one cycle to the next and must be latched by the addressed 
memory slave if needed 
for the whole cycle. During EISA master mode, the BMIC drives this signal. During EISA 
slave mode, this pin is an input. Upon reset, W/R 
is tri-stated 
and placed in input mode. 


EXRDY 
I/O 
OPEN COLLECTOR 
(EISA READY SIGNAL) 
EXRDY is used by EISA I/O and memory slaves to request wait states during a cycle. Each 
wait state is one BCLK period. During EISA master mode, the BMIC first samples 
this signal 
on the falling edge of BCLK after CMD# 
is asserted. 
If it is low, the BMIC will insert a wiat 
state, and continue 
inserting wait states as long as EXRDY is low at each successive 
falling 
edge of BCLK. During EISA slave mode, the BMIC drives EXRDY inactive until it is ready to 
complete 
cycles addressed 
to it. The EXRDY pin is an open collector 
output. 


EX32# 
I/O 
OPEN COLLECTOR 
(EISA 32-BIT SLAVE RESPONSE 
PIN) 
EX32# 
is an open collector 
and is used by memory or I/O slaves to indicate their support of 
32-bit transfers. 
During EISA master mode, the BMIC samples 
EX32# 
on the same rising 
edge of BCLK that START # is deasserted. 
The BMIC uses this pin to determine 
if the 
addressed 
memory slave is capable 
of 32-bit transfers. 
During peek/poke 
and non-burst 
EISA data transfers, 
the BMIC is a 32-bit master only and will allow the 82358 Bus controller 
to do all necessary 
bus conversions. 
During EISA slave mode, the BMIC drives EX32# 
low 
if it has 32-bit data to send to the EISA bus, otherwise 
this signal is inactive. 


inter 


Pin Name 
Description 


MASTER16# 
OUTPUT 
OPEN COLLECTOR 
(EISA 16-BIT MASTER CONTROL) 
In master mode, the BMIC will assert MASTER16# 
(at the same time as START#) 
for one 
BCLK period when it is capable 
of downshifting 
from a 32-bit master to a 16-bit master. The 
BMIC will downshift 
if necessary 
during memory burst transfers 
only. The BMIC will 
automatically 
downshift 
from a 32- to 16-bit master if the EX32 # signal is sampled 
inactive 
and the SLBURST# 
signal is sampled 
active. MASTER16# 
has no function 
in slave mode. 


AEN 
INPUT 
(EISA ADDRESS 
ENABLE SIGNAL) 
The BMIC uses AEN when in EISA srave mode to qualify I/O addresses. 
When negated 
(low), the BMIC uses AEN to decode 
possible accesses 
to its general and slot specific 
I/O 
space. When asserted 
(high), the address on the EISA bus will be ignored by the BMIC. 


AEN is sampled 
on the falling edge of CMD#. 
This signal is not used in master mode. 


MSBURST# 
OUTPUT 
TRI-STATED 
(EISA MASTER 
BURST SIGNAL) 
The BMIC asserts MSBURST# 
to indicate to the addressed 
memory slave that the BMIC 
will provide burst cycles. If the BMIC samples 
SLBURST # active on the rising edge of BCLK 
after START# 
is asserted, 
the BMIC will activate 
MSBURST# 
on the next BCLK falling 
edge and will proceed 
with burst cycles. If the BMIC samples 
SLBURST 
negated, 


MSBURST # will not be activated 
and the BMIC will proceed 
with either non-burst 
(two 
BCLK) or mismatched 
cycles, depending 
on the size of the slave device addressed. 
This 
signal is not used in slave mode. Upon reset, this pin is tri-stated. 


SLBURST# 
INPUT 
(EISA SLAVE BURST SIGNAL) 
The BMIC uses this signal in master mode to determine 
if the addresed 
slave memory is 
capable 
of supporting 
burst transfers. 
If the BMIC samples 
SLBURST # active on the rising 
edge of BCLK after START # is asserted, 
the BMIC will proceed 
with burst cycles. If the 
BMIC samples 
SLBURST 
negated, 
either non-burst 
(two BCLK) or mismatched 
cycles will 
be generated. 


LOCK# 
OUTPUT 
TRI-STATED 
(EISA RESOURCE 
LOCK SIGNAL) 
The BMIC asserts this signal to guarantee 
exclusive 
memory and I/O access during locked 
peek/poke 
exchange. 
Upon reset, this pin is tri-stated. 


MREQ# 
OUTPUT 
(EISA MASTER 
BUS REQUEST 
SIGNAL) 
MREQ# 
is asserted 
by the BMIC to request EISA bus access. The BMIC will begin driving 
the bus with the address and control 
signals on the falling edge of BCLK, two BCLKs after 
MAK# 
is sampled 
active. During an EISA write transfer, 
MREQ# 
will not be asserted 
until 
the FIFO on the selected 
channel 
is full. During an EISA read transfer, 
MREQ# 
will be 
asserted 
immediately 
after receiving 
a transfer 
request, assuming 
that a slave cycle is not 
currently 
in progress. 
Upon reset, this pin is driven inactive high. 


MAK# 
INPUT 
(EISA MASTER 
BUS ACKNOWLEDGE 
SIGNAL) 
The MAK# 
signal is asserted 
by the 82357 (ISP) to grant EISA bus access to the BMIC. The 
BMIC samples 
MAK# 
on the falling edge of BCLK and will begin driving the bus with the 
address and control 
signals on the falling edge of BCLK, two BCLKs after MAK # is sampled 
active. The MAK# 
signal may be negated 
by the ISP to indicate to the BMIC that another 
device requires EISA bus access. The BMIC will negate MREQ# 
to release the bus within 
64 BCLKs (8 JLs) of sampling 
MAK # negated. 


EINT 
OUTPUT 
OPEN COLLECTOR 
(EISA INTERRUPT 
REQUEST 
SIGNAL) 
The EINT line is used by the BMIC to interrupt the system CPU or EISA bus master to 
request service. 
EINT can be programmed 
for either edge or level-triggered 
operations 
and 
is an open collector 
output in level-triggered 
mode. Upon reset, EINT is placed in level- 
triggered 
mode and floating. 


BCLK 
INPUT: 
(EISA BUS CLOCK) 
This clock signal is used by the BMIC to synchronize 
the EISA control 
signals and data 
transfers 
to the system clock. BCLK typically 
runs at a frequency 
of 8.33 MHz with a normal 
duty cycle of 50%. The BCLK period is sometimes 
extended 
by the 82358 (EBe) by up to 
one BCLK period for synchronization 
purposes. 


inter 


Pin Name 
Description 


RESET 
INPUT 
(EISA RESET SIGNAL) 
This signal is used by the BMIC to initialize all of its internal registers 
and state machines 
to 
a known state. This signal is asynchronous 
with respect 
to BCLK. To reset the BMIC 
properly, 
the RESET signal must be active for eight BCLK periods. 


IDAT<31:0> 
I/O 
TRI-STATED 
(EISA DATA LINES/UPPER 
22 ADDRESS 
LINES) 
These data signals interface 
to the EISA bus through external, 
74F245 bi-directional 
TIL 
buffers. The upper 22 data lines are also multiplexed 
to function 
as the upper 22 EISA 
address lines. The 22 upper address signals are latched 
into external 
74F573 TIL 
latches 
during transfers 
as necessary 
by the BMIC. Both the external data buffers and the address 
latches are controlled 
by the BMIC during all slave and master mode data transfers. 
Upon 
reset, these pins are tri-stated. 


IADS<11:10> 
(INPUT) 
(EISA ADDRESS 
INPUT LINES) 
These two address lines are input only and are only used during slave mode. They are used 
along with IADS<9:2> 
and EISA byte enables 
IBE <3:0> 
# for I/O address decoding. 
The 
corresponding 
EISA output address lines LA < 11:10> 
are part of the upper 22 address 
lines that are multiplexed 
and sent out through the upper 22 data lines. 


IADS<9:2> 
I/O 
TRI-STATED 
(EISA LOWER ADDRESS 
LINES) 
These eight address lines are part of the lower EISA address 
lines and are connected 
directly to the EISA bus. When the BMIC is a master, it drives these lines directly to the EISA 
bus. The upper 22 addresses 
are latched from the data bus. lADS < 9:2 > are pipelined 
from 
one cycle to the next and should be latched 
by the addressed 
slave if required for the whole 
cycle. 
When the BMIC is a slave, it monitors 
these lines along with EISA address lines 
IADS< 11:10> 
and EISA byte enables 
IBE <3:0> 
# for I/O address decoding. 
Upon reset, 
these pins are tri-stated 
and placed in input mode. 
The following 
address 
lines are used during I/O decoding 
as shown: 
Slot specific 
I/O address decoding 
(expansion 
board)-IADS< 
11:2> 


Slot specific 
I/O address decoding 
(shared registers)-IADS 
< 11:2> /IBE <3:0> 
# 
General 
I/O address decoding 
(expansion 
board)-IADS<9:2> 


IBE<3:0> 
# 
I/O 
TRI-STATED 
(EISA BYTE ENABLES) 
IBE# <3:0> 
are the byte enables of the EISA bus and identify the specific 
bytes that are 
active during the current EISA bus cycle. During EISA master mode, the BMIC drives these 
signals. IBE# <3:0> 
are pipelined 
from one cycle to the next and should be latched by the 
addressed 
slave if required for the whole cycle. 
During EISA slave mode, the byte enables 
are inputs and are used along with EISA address 
lines lAD < 11:2> 
for internal shared register decoding. 
Upon reset, these pins are tri-stated 
and placed in input mode. 


inter 


Pin Name 
Description 


UALOE# 
OUTPUT 
(EISA UPPER ADDRESS 
LATCH STROBE 
AND OUTPUT 
ENABLE) 
The UALOE# 
signal is used by the BMIC to control the external 
latching of the upper 22 
address lines LA < 31: 10 > . UALOE # is designed 
to be connected 
to the latch enables and 
output enables of the 74F573 external address 
latches. The BMIC updates the external 
address latches at the beginning 
of all master mode transfers. 
The desired address value is 
placed on the IDAT <31 :10> 
lines and latched by the external 
latches on the falling edge of 
UALOE # at the beginning 
of the transfer. 


During EISA master mode to enable the EISA address 
lines < 31: 10 > , the BMIC drives 
UALOE # low on the rising edge of BCLK, one BCLK prior to the falling edge of START # . 
UALOE # will remain active until the end of the cycle. During slave mode, the BMIC holds 
UALOE # high to disable the latches. 
For additional 
information 
with regards to the timing 
for this signal, refer to the A.C. timing and Basic Function 
timing sections. 
Upon reset, this 
pin is driven inactive high. 


IDDIR 
OUTPUT 
(EISA DATA DIRECTION 
SIGNAL) 
The IDDIR signal is used by the BMIC to control the direction 
of the external 
74F245 data 
buffers. During data transfers 
from the BMIC to the EISA bus, this signal will be driven low. 


During data transfers 
from the EISA bus to the BMIC, this signal will be driven high. For 
additional 
information 
regarding the timing for this signal, refer to the A.C. timing and Basic 
Function 
timing sections 
(master and slave). Upon reset, this pin is driven high. 


IDOE23# 
OUTPUT 
(EISA DATA BYTE LANE BUFFER 
ENABLES) 
IDOE1 # 
The IDOE # signals are used by the BMIC to control the output enables on the external 
IDOEO# 
74F245 data buffers. The IDOE# 
signals will be driven so that the data buffers are enabled 
at the appropriate 
times during master and slave transfers. 
For additional 
information 
with 
regards to the timing for these signals, refer to the A.C. timing and Basic Function 
timing 
sections. 
Upon reset, these signals are driven inactive high. 


Pin Name 
Description 


10SEL# 
<1:0> 
OUTPUT 
(ADDRESS 
RANGE DECODE OUTPUTS) 
The 10SEL # signals are used by the BMIC to enable external 
logic on the expansion 
board 
during slot specific and general purpose 
I/O decode. These pins become 
active when the 
LA < 11:2> 
address 
lines on the EISA bus contain a value mapped 
into one of the two 
possible 
I/O address decode 
ranges provided 
by the BMIC (refer to Section 
7.3). Upon 


. 
reset, these pins are driven inactive 
high . 


inter 


Pin Name 
Description 


TRQ# 
OUTPUT 
(LOCAL DATA TRANSFER 
REQUEST 
SIGNAL) 
When a data transfer 
is desired over the Transfer 
Buffer interface, 
TRQ# 
is driven low, 


indicating 
to the transfer 
buffer logic that a transfer 
is following. 
TRQ# 
will remain active 
until the data transfer 
is completed 
or a transfer 
interruption 
occurs. Upon reset, this pin is 
driven inactive high. 


TACK# 
INPUT 
(LOCAL DATA TRANSFER 
ACKNOWLEDGE 
SIGNAL) 
External logic uses this signal to acknowlege 
the transfer 
of a data item (16-bit word) over 
the Transfer 
Buffer interface. 


TLD# 
OUTPUT 
(LOCAL ADDRESS 
COUNTER 
LOAD SIGNAL) 
This signal when asserted 
(low) is used to load the transfer 
start address and the transfer 
real-time 
address into an external 
address counter 
as required for data transfers 
(refer to 
Section 
5.3). TLD # is asserted 
at the beginning 
of all new channel 
accesses 
to the transfer 
buffer logic and will remain asserted 
until acknowledged 
by TACK # . Upon reset, this pin is 
driven inactive high. 


TDIR 
OUTPUT 
(DATA TRANSFER 
DIRECTION 
SIGNAL) 
This signal is used to inform the transfer 
buffer logic as to the direction 
of the current data 
transfer. 
When driven (high), data will be transferred 
from the EISA bus to the expansion 
board. When driven (low), data will be transferred 
from the expansion 
board to the EISA 
bus. TDIR will be held valid whenever 
TLD# 
and TRQ# 
are active. TDIR will not change 
states when TRQ # is active. Upon reset, this pin is driven high. 


TCHAN 
OUTPUT 
(DATA CHANNEL 
TRANSFER 
CHANNEL 
SELECT SIGNAL) 
This signal is used by the BMIC to inform the transfer 
buffer logic as to which channel 
will be 
active during the transfer. 
When driven (low), transfer 
channel 
0 is active and when driven 
(high), transfer 
channel 
1 is active. TCHAN 
has the same timings as TDIR and will not 
change states when TLD # or TRQ # are active. Upon reset, this pin is driven low. 


TDAT<15:0> 
I/O 
TRI-STATED 
(TRANSFER 
DATA LINES) 
This bidirectional 
bus is the BMIC's Transfer 
Buffer interface 
data bus. It is used during data 
transfers 
between 
the external transfer 
buffer logic and the BMIC. The data transferred 
across the TDAT bus is word aligned. The data lines are also used to transport 
the transfer 
address to the transfer 
buffer logic on the expansion 
board (refer to Section 
5.3). The TDAT 
bus can be unconditionally 
disabled 
by driving the TDOE # signal high. NOTE: During EISA 
write data transfers, 
the TDAT lines are inputs and operate 
independent 
of the value of 
TDOE # . Upon reset, the TOAT bus is tri-stated. 


TDOE# 
INPUT 
(TRANSFER 
INTERFACE 
DATA OUTPUT 
ENABLE) 
When driven high, this pin can be used by external 
logic to unconditional 
disable the BMIC 
from driving the TDAT < 15:0> 
lines. This feature eliminates 
the need for the BMIC to gain 
prior permission 
to drive the TDAT bus and also allows external 
logic the ability to time- 
share the TDAT bus. 


TEOP# 
OUTPUT 
OPEN COLLECTOR 
(TRANSFER 
END-OF-PROCESS 
SIGNAL) 
This signal is an open collector 
signal that indicates 
the end of a transfer 
to external transfer 
buffer logic. TEOP# 
is driven low by the BMIC to indicate the end of transfer. 
The TEOP# 
pin requires an external 2.5K to 3.2K pullup resistor for proper operation. 


TCLK 
INPUT 
(TRANSFER 
CLOCK) 
All transfer 
control 
signals are synchronous 
to this clock. The frequency 
should be in the 
range of 16 MHz to 20 MHz to maintain a 33 Mbyte/sec 
burst transfer 
rate over the EISA 
bus. This clock may be completely 
asynchronous 
to the EISA BCLK signal. 


Pin Name 
Description 


LDAT<7:0> 
I/O 
TRI-STATED 
(LOCAL PROCESSOR 
INTERFACE 
DATA BUS) 
This bidirectional 
bus is used to transfer 
commands 
and status between 
the BMIC and the 
local processor 
on the expansion 
board. If a local Processor 
is not present, 
this bus will 
need to be connected 
to the ISA bus (refer to Section 7.2). Upon reset these pins are tri- 
stated. 


LRD# 
INPUT 
(LOCAL PROCESSOR 
INTERFACE 
READ STROBE) 
The local processor 
asserts 
LRD# 
to indicate to the BMIC that it should drive its data onto 
the LDAT bus. LRD# 
is asserted 
for register access to the BMIC's Local Processor 
interface. 
The LADS lines and the LCS # signal must be valid 10 ns before the falling edge 
of LRD# 
and remain valid until LRD# 
is deasserted. 


LWR# 
INPUT 
(LOCAL PROCESSOR 
INTERFACE 
STROBE) 
The local processor 
asserts 
LWR # to indicate to the BMIC that it may latch data from the 
LDAT bus. LWR # is asserted 
for write accesses 
to the BMIC's Local Processor 
interface. 
The LADS lines and the LCS signal must be valid 10 ns before the falling edge of LWR# 
and 
remain valid until LWR # is deasserted. 


LCS# 
INPUT 
(LOCAL PROCESSOR 
INTERFACE 
CHIP) 
A (low) on this pin enables 
LWR# 
and LRD# 
communication 
between 
the BMIC and the 
local processor 
on the expansion 
board. The LRD# 
and LWR# 
signals are ignored unless 
the LCS# 
signal is active. LCS# 
must be asserted 
10 ns before LRD# 
and LWR# 
and 
remain active until the inactive edge of LRD# 
and LWR #. 


LADS<1:0> 
INPUT 
(LOCAL PROCESSOR 
ADDRESS 
SELECT) 
These address lines are used by the local processor 
to select the Local Data, Local Index, 


and Local Status/Control 
registers. The BMIC uses these registers 
as part of an indexing 
scheme to access all of its internal registers 
(refer to Section 3.2.6.1). 
LADS1 
LADSDO 
0 
0 
= Local Data register 
0 
1 
= Local Index register 
1 
0 
= Local Status/Control 
register 
1 
1 
= Reserved 


LINT 
OUTPUT 
(LOCAL PROCESSOR 
INTERRUPT 
SIGNAL) 
This signal informs the local processor 
that an event has occurred 
which requires the local 
processor's 
attention. 
This pin can be programr[1ed for either active high or active low level 
operations. 
After being asserted, 
LINT will not return to an inactive state until the interrupt 
has been serviced. 
The LINT signal is not an open collector 
output during active low 
operations 
and will require external 
logic if interrupts 
need to be tied together 
on the local 
side. Upon reset, this pin is driven high and placed in active low level mode. 


L.RDY 
I/O 
(LOCAL PROCESSOR 
READY) 
This signal is the acknowledgement 
from the BMIC to the local processor 
that it is finished 
with the current Shared register access cycle. The LRDY pin is also used by external 
logic to 
indicate to the BMIC that a local processor 
is not present. 
If a local processor 
is not present, 


the LRDY signal must be driven low during reset (refer to Section 
7.2). 


If a local processor 
is present, a weak pullup resistor must be connected 
to the LRDY output 
to insure that LRDY is high during the time reset is active. 


Vcc 
- 
11 Power pins 


VSS - 
13 Ground 
pins 


Total number 
of power supply pins: 
24 
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TDIR, TCHAN 
=====================================:1 
0 :===================================== 


TLO# 
~---------------------------------- 


TRO# 
--------------------i... 
~~ 
~r-""'""""""" 


TACK# 
~~----------------. 
, . 
. ~_. 
~ . ....,......., 


TDOE# 
TEOP# 


inter 


EISA INTERFACESIGNALS 
BCLK 
t.4REO# 
t.4AK# 
. , . 
. 
. r:- 
START# 
IS S s.s 5 5 s.s 5 S·B 
S s.s 5 5 s.s S s.s .S S S·5 S s· s.s 5 s.s 5 9 L...J 
K S S·S 5 5 S·S 


Ct.4O# 
t.4/IO. w/R 
:JC 
XX· 
11 
~ 
__ 
~XX== 
EXRoy 
.~. 


EX32# 
----------------------. 
_'. 
_ 
t.4ASTER16# 
-·-S-5-S.-S~S~v-S-.S-I-I·-1 
-5-5~1~·1-1-1-· 
1-·1-1-1·-1-S~S~I-·I-I-I-·1-·-,-5-1·-I~S~Y~\1 
--------------- 
t.4SBURST# 
1.155 
s.s I vl·1 
I 1.15 5 s.s I I·B 
I 1·1 5 5 1·1 50555.1 
I· 
~-i-I·-I-S-I·-I-S-S-S 
SLBURST# 
.•. 
i 
. 


IBE<3:0># 
:JC.. 
XXXX . 
. 
·0000 
. 
c:: XXXX= 
IAoS<9:2> 
:JC 
XXXXXXXX 
1(10010100x:::::::x:::=:l1 
0011000X::X:::XXXXXXXX = 
UALoE# 
loAT<31 :0> === XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
z::li 
~ 
c::x=- 
100Es# 
111 . 
. 
000 
c::111= 
100iR 
·1· 
....,... 


TRANSFERBUFFERINTERFACESIGNALS· 
TCLK 
TDAT<15:0> 
TDIR.TCHAN ::l::J;'=====================. 
00_· 
_ 
TLo# 
~---------------------------------- 
TRO# 
~ 
...:--------~ 
~~~ 
TACK# 
~. 
·-1·--------·-1· 
.~ 
TDoE# 
TEoP# 


_____ 
11300 
11700 
12100 
12500 
12900 
13300 
13700 
14100 
14500 
14900 
15300 
ns 


290255-32 


inter 


EISA INTERFACESIGNALS 
BCLK 
MREO# 
MAK# 
START# 
CMD# 
MilO. 
W/R 
=·XX 
=:::lC==========10~~~~~~~~~_~~~~~~XX_~~~~ 
EXRDY 
-~~~~~~. 
L...:..I~'~~~~~~~' 
L...:..I~'~~"""''''''''' 
L..:........;.,~.~~~~..,..~,.....,~~~~~~~~ 
EX32# 
--------------------------------------- 
MASTER16# 
-1-1·-1-5-S-I·-I-S-I·-I-·\-' 
------------------------------- 
MSBURST# 
1.1 I 1.15 S $.\ I • 
~ 
-I-I-I-.I-I-\-.I-.-I-I-I.-1-5-S-1-.1-\-\·-11 


~~B~3~~;.'I# 
=XXXX=0~~~~0000:x::::x=x::00ll==x:0011)C 
-----XX-X-X--~=--~=--~=--~:: 
IADS<9:2> 
::X:XXXXXXXX ::X=01101010::XOll01011X 
COll01101::X:Ol10111O:XOll0llllX=:::XXXXXXXX 
= 
UALOE# 
L.;.--,--,--,,--,--,--,--,-,--,-,--,--,-",-,--,--,-,--,---,--,--,,--,--,--,--,-,--,-,--,-.I---""""'-""""-""""-:--_:-_-- 
IDAT<31:0> 
====:x:=:===.:)=::.~. 
,::=~. '::=3· '''=3· ,,,.==::. 
'C==··C=:=·C'.:===.x:==. =.x:==. 
=.x:==. 
=·X'=·====x=:===::x 
IDOEs 
= 
111 =====:;::======================. 
000 ===================:::======111 
======= 
IDDIR 
~--------------------------------~ 
_ 


TRANSFERINTERFACESIGNALS 
TCLK 
TDAT<15:0> 
·010101011010101 
0 ====::lCCX:C::l'C=:::l'COXC::l'CC:::=·::'CO:XC=·IC===X:C::lCCX:c:::J:;·=X:C::l'COXC::l'COX'=== 
TOIR,TCHAN 
10=·===================================== 
TLD# 
~------------------------------------ 
TRO# 
TACK# 
TOOE# 
TEOP# 


C::l--==:J 
11700 
12100 
12500 
12900 
13300 
13700 
14100 
1450014900153001570016100 
ns 
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EISA INTERFACE 
SIGNALS 
BCLK 
MREO# 
MAK# 
START# 
CMo# 
M/Io. 
W/R 
_)_· 
·XX·========·:ll.:::·=========·11· 
. C:=:XX::::X 
EXRoy 
----------------------~.L...J~.-----~.L...J~:--------- 


EX32# 
MASTER 16# 
KKK 
5 5 5 5 5 S S S S S S S S 5 5 5 
> 
, 
, 
,. s. S. ,. ,. ,. Ii 


MSBURST # 
=:. S=:.S:;;;.S:;;;.:;:S 
.:::S.:;:S.:::S.:::S.:::S=:.S=:.S:;.):;.,:;. :;.S:S.,:!i.>:!iK::!K::!S:;:lS:::!S;::S::::::S 
:;:S:;:ST' .,....,-"':""'l 
.•.••••• -'-'-'-'-'-'-'-"'-'--'--'- 
.•.••••• -'-'-'-''-'-'-'-"'-'-...J' 
r·S.S 
., '\.$ K 
SLB URST# 
.,....,....,....,...,....,....,....,....,....,....,...,....,,...,...,...,...,...,....,....,...,....,....,....,....,....,....,,....,...,..,. 
'•.•..•..••...•.•.••..•.•• 
'-'-'-'--'-'--'-'-'-'-'- 
.•..••...•.•.••..•.•• 
'-'- .•..••...•.•.•.r,...,...,...,...,...,. 


IBE <3:0> 
# 
==============. 
XXXX =.==============. ~KOOOOJ~c::J-'~'-a-· 
~c::J-.~.,: 
0'000 J-c::l-·~.-a-· 
-c::J-.-c::J-.-.':0011 :X:::X0011C 
XXXX::x 
IAoS<9:2> 
~)=.==::======= 
XXXXXXXX ===========.:::.::::1001 01 00 :X::::::X'OOI0110:X::::::Xl0011000mXXxxxxXXX 


UALoE# 
-----------------...~~~~~_~~~~~~~~~~~~----- 
10AT<31 :0> = XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX:X:x::::l:·:J'C::· =:·:J'ca:· 
Xc::J::· 
:ll':::'==' 
Xc::J::·:J.ca::· 
Xc::J::· 
:Xc::J:.:J'C::. 
=·:J'c:a:xc::l::·Xc::l:·:J'C::·==== 
100Es# 
111-------·~.-· 
-------. 
000 
· _C_· 
111:: 


100iR 
. , . 
r""'" 


TRANSFER 
INTERFACE 
SIGNALS 
TCLK 
I1IllUlttM1U1UUUlJMI1J1UUllUlttMI1IUUUlJMI1J1UUUlJMI1J1I1IllUlttM1U1UUUlJMI1J1UUIlUMI1J1I1Ilr 
TDAT < 15:0> 
---. 
~i!:::J-. -·~Cl~Cl-Cl-·Cl-"-D<~O-Cl-Cl-·Cl-"-D<-O-Cl~'-' ---------. 
0000000000000000 
=.=================== 
TDIR, TCHAN 
:1 O~)i_·_~~_~~ 
·00===================================== 
TLo# 
~---------------------------------- 
TRQ# 
TACK# 
TDoE# 
TEoP# 


11200 
11700 
12200 
12700 
13200 
13700 
14200 
14700 
15200 
15700 
16200 
16700 
ns 
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EISA INTERFACE 
SIGNALS 
BCLK 


MREQ# 
MAK# 
. i· 


START# 
.""s~.s~s~s~.s~s""""s~S·"'S"'I""~ 
• s· s·s S S·S 5 S s.s 5 S·S·S 5 S·S i 


CMD# 
MilO. W/R 
==·XX ~.~~~~~ 
__ 
~~~_~~ 
_ 


EXRDY 
-----------------~. 
'"'-'J-·----------------~L 
EX32# 
--------, 
i· 
. i. 


MASTER16# 
. SS 5 s.s 5 s.s·S $ s.s 5 5 s.s $ s.s ·S5 s.s 5 ,. $.\ S s.s 5 5 '·S \ ,. $.\ , s.s \ 55·$ 
\ s.s·S i S·S \ " h 
$ s.s 5 5 s.s \ 
~C:~:;;:> s· $ 5 5 s.s SS $I 
. 
IS $ hSS 
$SS 
h$ 
$ $ $ 5 5 $I 
1 


IBE<3:0># 
==xxxx 
oooo 
. xxxx· 
'C 


IADS<9:2> 
::xxxxxxxx 
X01101011:XOll01100X01101101XOll01110X:Oll01111:X01110000~. 
---. 
xxxxxxxx· 
c 
UALOE# 
~ 
~ 


IDAT<31 
:0> 
---~..----- 
.•-.---.~.-. 
--.-.-.---- 
.•-.---.~.-. 
--·-Cl-·~'-.---~----- 
IDOEs 
=11,· 
OOO 
~ 
lll 
_ 


IDDIR 


TRANSFER 
INTERFACE 
SIGNALS· 


TCLK 
TDAT<15:0> 


TDIR. TCHAN 
TLD# 
~ 


TRQ# 
TACK# 
TDOE# 
TEOP# 


inter 


EISA INTERFACESIGNALS 
BCLK 
t.lREQ# 
t.lAK# 
START# 
Ct.lO# 
t.l/IO. 
W/R 
... 
·XX·- -. -----. 
-. -. ~.-. -.-----. 
-·-·-·11 =.=.=.=.========:::~== 


EXROY 
--------------------.-.~.L..:.J-.-.-.-. -.-.-------- 


~~;~~RI6# 
-5-' 5-'5-'-;-;-;-1:-1:-1:-1-: 1-:1-:1-:I-:I-:-I:-I:-I:-I-:I-:I-:I-:I-:S-:S-:S-:S-:-S:-S~::55 5 5 5 i i i i i i i i i i i i s s S s;; S:I: s: I:C 


t.lSBURST# 
) .S .S 5 5 5 5 5 5 5 5 S S S S 1 5 5 5 5 S S S S S I. I. 9 . 
. . . . . , S S S S S S , 


SLBURST# 
IBE<3:0># 
XXXX· 
. . . . . . . . . . . • . 
0000 ~'-'-''-'-'-'-"'-"-~' 
__''''''''C::""XXXX~ 
IAOS<9:2> 
·_·_·_·_·_XXXXXXXX········· 
(10010110'~)-'-'-'-'-'-'-' '-Cl0011001J-'-'-'~'-' 
-.-,~C-'xxxxxxxx:x 
UALOE# 
--------------.-. 
. 
. 
-j 
-. 
--- 
IOAT<31 :0> = XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX~~.-·-·~.-·-· 
-. ~.-. -. -.-.-.-.-. 
-. -. ~.-. -.-.~'-.-. 
-. ~.-. -. -.-'-.-.-. 
-. it 
IOOts# 
111 
. . . . . • . . .. 
. ..... 
000 
.. Clll=: 


IOOIR 
. . . . . . . . . . . . . . . . .. 
. 
.j. 
. 
. 
. 
• 
. 
• 
• 
• 
.. 
,....,. 


TRANSFERINTERFACESIGNALS· 
. 


TCLK 
Ull\J1l1\I\11JlJ'IJnnl\J1l1\I\11JlJ'IJnnl\J11U'llUlJ'IJnnnnJU1llU\11Jn.nnnl\J1l1\I\11Jn.nnnl\J1l1\I\11Jn.nnnl\J1LT 
TDAT<15:0> 
-. 
-. -. ~C=::-·-·~C1~C1~C1-C-·C-·C1~ca~D-Do~C:-C~C~C~'-· 
---------. 
0000000000000000 
=. ====-::.-::.-::.-:::.-:::.-:::.-_-_-= 


TOIR. TCHAN :10;) . . . . 
. . . . . . . . 
. . ·00-----·-· 
-. -. -. -. -.------- 


TLO# 
~. 


TRQ# 
. 


TACK# 
TDOE# 
~~ 
. 


11700 
12200 
12700 
13200 
13700 
14200 
14700 
15200 
15700 
16200 
16700 
ns 
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EISA INTERFACESIGNALS· 
BCLK 
MREQ# 
..,.,..,..,~~.~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~. 
MAK# 
..,...,...,...,_. 
_ 


START# 
CMO# 
MilO. w/R 
=XX_=_·_·_"_· 
_ 
EXROY 
~~.~~~~~~~~~~~~~~---- 
EX32# 
L..J 
L,j. 
. .. L..J. 
. .~~,-.-.-.-.-.-.~.L..J~.-.-.-.-.-.-.~.~~.------- 
MASTER16# 
$.1.1.1.5\ I 11.\.1·1·,·51 I I 1·$.I·I·hl 
I 11.\.1"'1.$1 
I' 
1·'·n·I·$\1 
11""')",$1 
I IH·I·I·I·$I 
I 11.\.I·I·hl 
I 11·$.I·I·hS 


MSBURSTI 
$ I \ I I ·'·'·'·9· 
'15.1""'$ 
I I \ I. 
SLBURST# 
IBE<3:0># 
=XXXX="······························ 
0000 
.............................•... 
·XXXX=::X 


IAOS<9:2> 
=XXXXXXXX=01101011==01101100=01101101::X=:01101110=01101111=>········01110000_· 
_ 


UALOEN 
- i . . 
• 
-,-.------ 


IOAT<31:0> 
.......•............•..........•..........•............•..........•......... 
·0· ....•. 
IDOE" 
=111 
.....•............................. 
000· 
. . . . . . . . . . . . 
. . . • . 
111= 


IDDIR 
~. 
. .. 
~ 


TRANSFERINTERFACESIGNALS· 
- . 


TCLK 
TOAT<15:0> 
....•....... 
·0101010110101010· 
. no . 
. .. OD" 
OD" 
OD' 
<XXlO 
. 
TDIR.TCHAN 
..... 
·10 
_ 


TLO# 
~. 


TRO# 
----------.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-. 
L.o.J 
L.o.J 
L.o.J. 
. L.o.J 
~ 
TACK# 
~ 
·LJ· 
·LJ· 
·LJ· 
·LJ· 
~ 
TDOE# 
TEOP# 
... 
~ 


EISA INTERFACESIGNALS 
BCLK 
M"lfUUU1.JrlnM"lfUUU1.JrlnnnJlI1UUU1.JlI1.nnJlI1"lfUUUlJn.nM"lfUUU1.JrlnM"lfUUU1.JrlnMJUt 
MREQ# 
-----""L"-'--'-'-'-'-'-"'--'-...:....;'-'-"-'--'-'-'-'-'-"'--'-...:....;'-'-"-'--'-'-'- 
•...•... 
"'--'--'-'-'-.:....:..-'-'-'- 
•...•... 
"'--'--'-' 
MAK# 
-------. 
'•...-'-'-'-"'-'--'-'-'--'-'....:........:....-'-'-'-"'-'-'-'-'-'--'-'....:........:....'-'-'-'-"'-'--'-'-'-'-'-....:........:....'-'-'-'-....:....-'-~ 
START# 
CMO# 
MilO. w/R 
EXROY 
EX32# 
MSBURST# 
SLBURST# 
IBE<3:0># 
IAOS<9:2> 
UALOE# 
IOAT<31 :0> 
100E.# 
100lR 


====:XXXX· 
. z . 
0000 
_ 


=== 
XXXXXXXX:=:::X:l0010110:X:l00l0111Xl00ll000Xl 
0011 001Xl 
0011 01 OX10011011:X::::==:: 
.,. 
~ 
.c=-. 
·z· 
·z· 
·z· 
·z· 
·z· 
____ 
111 -'- •.•.•...•....•. 
~i(J~<=~·~111 
=x:x=: 
111 =x:x=: 
111 :::xx::::: 
111 :::xx::::: 
111 -:::l-'-O~' 
-. --11 
1== 
-------. -,,-----------------------------,~ 


TRANSFER INTERFACESIGNALS 
TCLK 
TDAT<15:0> 
TDIR. TCHAN 
TLO# 
TRQ# 
TACK# 
TDOE# . 
TEOP# 


:::=:l:::JC. 
C::· 
18I1810lOI8IOCIlO04OCX)oeOCOoCCOClC- 
::::==:::::====::::====0000000000000000 
_ 
=",.. 
·00 
_ 
""="""'1J-------------------------------- 
~. 
.-'.---. 
u-·---·~LJ-·---·l.J-·---··l.:.J-·---·~l.:.J-·---·LJ-·----- 


• 
-I. ---·-'U-· 
---. 
l:..J-:---·-LJ· 
. LJ· 
. LJ· 
. l:..J-. 
----- 


11400 
12300 
13200 
14100 
15000 
15900 
16800 
17700 
18600 
19500 
20400 
21300 
22200n. 
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MREQ# 


MAK# 


START# 


CMD# 


MilO. w/R 


~ 
~r 


L\\~~~'&\\S 


EX32# 


MSBURST# 
0SSSSSS\\\\~ 


SLBURST# 


________ 
~I 


~~~\\' 


80500 
80700 
80900 
81100 
81300 
81500 
81700 
81900 
82100 
82300 
ns 
290255-39 


inter 


MREQ# 


MAK# 


START# 


CMO# 


M/IO. W/R 


EX32# 


MSBURST# 0S\\"~'SS\"~~~\\\\l 


SlBURST# 


______ 
1 
b\\\\'b~~~y 


IBE<3:0># 


IAOS<9:2> 


UAlOE# 


IOAT<31:0> 


100Es# 


100lR 


x 
XXXX 
X 


X 
XXXXXXXX 
X 


x 
X 


X 
111 


xxxxxxxxxxxxxxxxxxxxxxxxxxxxx*~_x 
x 
_ 


X 
. 
000 


11500117001190012100123001250012700129001310013300 
ns 


290255-40 


intJ 


EX32# 
. L....:....J 


lolSBURST# 
&~~~"\I 


lolREQ# 


lolAK# 


START# 


Clolo# 


LOCK# 


'SLBURST# 


IBE<3:0># 


100Eo# 


100iR 


LJlJL.JLJLJ 
-:--:--, 
:.-...:...J 


·1 


~~~\\\\\1 
L....J 
L....J 


~\\'b~~~\S\>I 
~~~~'S§! 
&\\\\\\\'\~~~ 


'-- 
--'r!S\\\\\\~~ 


l\\\'&\\\\S\\\\\%\, 
&\-~~\\\\\\'L\W 


~__r 


~~~~ 


XXXX 
X 
0000 
X 
XXXX 


. 
XXXXXXXX 
X 
10010110 
X 
XXXXXXXX X 
10010110 
X 
XXXXXXXX 


____________ 
J 


_______ 
x 
.x::J< 
x 
:::=J< 
_ 


. 111 
X 
000 
:::x 
111 


C::==_-K::J 
11<400 
11700 
12000 
12300 
12600 
12900 
13200 
13500 
13800 
1<4100 
14400 no 
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START# 


CMD# 


MilO 


W/R 


EX32# 


AEN 


18EO# 


18El# 


18E2# 


L.:.J 
L...:......J 


18E3# 


IADS< 11 :2> 
OOOOOOOOOc==:x· 
OOOOOOOOOOx::=:::J( 
. 


UALOE# 


100EO# 


100El # 


IOOE23# 


100lR 


inter 


NOTICE: This data sheet contains preliminary infor- 
mation on new products in production. The specifica- 
tions are subject to change without notice. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings only. Operation 
beyond 
the 


"Operating 
Conditions" 
is not recommended 
and ex- 


tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


11.1 
Maximum Ratings* 


Case Temperature 
under Bias 
-65°C 
to + 110°C 


Storage Temperature 
- 65°C to + 150°C 


Supply Voltages 
with 
Respect to Ground 
-0.5V 
to +6.5V 


Voltage on Any Pin 
-0.5V 
to VCC + 0.5V 


11.2 
D.C. Characteristics 
Table 
TCASE = O°C to lO°C, Vcc = 5V ± 5%, TAMBIENT = O°C to 55°C 
• 
Symbol 
Parameter 
Limits 
Units 
Test 


Min 
Max 
Conditions 


VIL 
Input Low Voltage 
-0.5 
0.8 
V 


VIH 
Input High Voltage 
2.0 
VCC+0.5 
V 


VILC 
CLOCK Input Low 
-0.5 
0.8 
V 
I 


VIHC 
CLOCK Input High 
2.0 
Vcc+0.5 
V 


VOL1 
Output Low Voltage 
0.45 
V 
IOL = 2.5mA 


VOH1 
Output High Voltage 
2.4 
V 
IOH = -2.5 
mA 


VOL2 
Output Low Voltage 
0.45 
V 
IOL = 6mA 


VOH2 
Output High Voltage 
2.4 
V 
IOH = -4mA 


VOL3 
Output Low Voltage 
0045 
V 
IOL = 24 mA 


VOH3 
Output High Voltage 
Vcc-OA 
V 
IOH = -100 
/-LA 


III 
Input Leakage 
±10 
/-LA 


ILO 
Output 
Leakage 
±10 
/-LA 


CIN 
Capacitance 
Input 
10 
pF 
@ 1 MHz(2) 


COUT 
Capacitance 
Output or I/O 
20 
pF 
@ 1 MHz(2) 


CCLK 
BCLK or TCLK 
20 
pF 
@ 1 MHz(2) 


Icc 
Vcc Supply Current 
190 
mA 
(3) 


NOTES: 
1. VOL1= 
UALOE#, IDDIR, IDOE23#, IDOEU, 
IDOEO#, LRDY, LDAT<7:0>, 
IDAT<31:0>, 
TEOP#, TDIR, TCHAN, 


IOSELO#, IOSEL1#, TROll', TLD#, and TDAT<15:0> 


VOL2= 
MREO#, EINT, and LINT 
VOL3= 
IADS<9:2>, 
START#, MilO, W/R, 
EXRDY, MASTER16#, EX32, IBE# <3:0>, 
MSBURST#, and LOCK# 


VOH1= 
UALOE#, IDDIR, IDOE23#, IDOEU, 
IDOEO#, LRDY, LDAT<7:0>, 
IDAT<31:0>, 
TDIR, TCHAN, TROll', 


TLD#, IOSELO,IOSELU, 
TDAT<15:0>, 
MREO#, EINT, and LINT 
VOH2= 
IADS<9:2>, 
START#, MilO, W/R, 
IBE#<3:0>, 
MSBURST#, and LOCK# 
VOH3= 
UALOE#, IDDIR, IDOE23#, IDOE1#, IDOEO#, IADS<9:2>, 
LRDY, LDAT<7:0>, 
IDAT<31:0>, 
TDIR, TCHAN, 


EINT, IOSELO#, IOSEL1#, TROll', TLD#, TDAT<15:0>, 
MREO#, LINT, IADS<9:2>, 
START#, 
MilO, 
W/R, 


IBE# <3:0>, 
MSBURST#, and LOCK# 


The following outputs are open collector: EXRDY, EX32#, MASTER16#, and TEOP#; EINT is an open collector output 
when programmed for active low operation. 
2. Sampled only 
3. Tested at Vcc = 5.30V and Frequency = BCLK (8.33 MHz) and TCLK (20 MHz) 


inter 


The A.C. specifications 
given in the following 
tables consist 
of output 
delays/float 
times and input setup and 
hold times. 


Symbol 
Parameter 
Min 
Max 
Units 
Notes 


t1 
Period 
120 
250 
ns 
Typical = 125 ns 
t2 
High Time 
50 
ns 
Measured 
@ 2.0V 


t3 
Low Time 
50 
ns 
Measured 
@ O.BV 
t4 
Rise Time 
10 
ns 
(13) 


t5 
Fall Time 
10 
ns 
(13) 


Symbol 


t6 


Parameter 


Pulse Width 


Reset Timing 


Min 


inter 


Symbol 
Parameter 
Min 
Max 
Units 
Notes 


MREQ# 
t7 
Delay ACT /Inact 
33 
ns 
From BCLK Falling 


MAK# 
t8 
Setup Time 
10 
ns 
To BCLK Falling 


t9 
Hold Time 
25 
ns 
From BCLK Falling 


IADS<9:2>, 
MilO, 
W/R 
t10 
Delay Valid 
2 
45 
ns 
From BCLK Falling(17) 


IADS<9:2>, 
MilO, 
W/R 
75 
ns 
From BCLK Rising(18) 


t10a 
Delay Valid 
t11 
Delay Float 
40 
ns 
From BCLK F.alling(7) 


BE# <3:0> 
t12 
Delay Valid 
2 
45 
ns 
From BCLK Falling 


t13 
Delay Float 
40 
ns 
From BCLK Falling(7, 8) 


START # 
t14 
Delay Actllnact 
25 
ns 
From BCLK Rising 
t15 
Delay Float 
40 
ns 
From BCLK Falling(7, 8) 


EX32# 
t16 
Setup Time 
15 
ns 
To BCLK Rising(9) 


t17 
Hold Time 
50 
ns 
From BCLK Rising(9) 


EXRDY 
t18 
Setup Time 
15 
ns 
To BCLK Falling 
t19 
Hold Time 
2 
ns 
From BCLK Falling 


IDAT<31:0> 
t20 
Delay Valid 
27 
ns 
From BCLK Falling(l) 


t21 
Delay Float 
25 
ns 
From BCLK Falling(7, 8) 


t22 
Setup Time 
7 
ns 
To BCLK Rising(2) 


t23 
Hold Time 
6 
ns 
From BCLK Rising(2) 


IDAT<31:10> 
t24 
Delay Valid 
45 
ns 
From BCLK Falling(10) 


LOCK# 
t25 
Delay Actllnact 
2 
60 
ns 
From BCLK Rising 
t26 
Delay Float 
40 
ns 
From BCLK Falling(7) 


IDOE# 
t27 
Delay Actllnact 
25 
ns 
From BCLK Falling 


UALOE# 
t28a 
Delay Active 
60 
ns 
From BCLK Rising 
t28b 
Delay Inactive 
35 
ns 
From BCLK Falling 


IDDIR 
t29 
Delay Actllnact 
40 
ns 
From BCLK Falling 


• 


- 
Symbol 
Parameter 
Min 
Max 
Units 
Notes 


MSBURST# 
t30 
Delay ACT/INACT 
35 
ns 
From BCLK Falling 
t31 
Delay Float 
40 
ns 
From BCLK Rising(8) 


START#,IBE# 
40 
ns 
From BCLK Rising(19) 
t31a 
Delay Float 


SLBURST# 
t32 
Setup Time 
15 
ns 
To BCLK Rising 
t33 
Hold Time 
50 
ns 
From BCLK Rising 


IDOE# 
t34 
Delay Actllnact 
25 
ns 
From BCLK Rising 


IDAT<31:0> 


t35 
Setup Tir,ne (Read) 
7 
ns 
To BCLK Rising(2) 
t36 
Hold Time (Read) 
6 
ns 
From BCLK Rising(2) 
t37 
Delay Valid 
27 
ns 
From BCLK Rising(1) 
t38 
Delay Invalid 
ns 
From BCLK Rising(1) 


MASTER16# 
t39 
Delay Act 
50 
ns 
From BCLK Rising 
t40 
Delay Float 
40 
ns 
From BCLK Rising(7,8) 


Symbol 
Parameter 
Min 
Max 
Units 
Notes 


IADS<11:12>·, 
MilO 
t41 
Setup Time 
120 
ns 
To CMD# 
Falling 
t42 
Hold Time 
25 
ns 
From CMD# 
Falling 


EX32# 
t43 
Delay Act/Float 
54 
ns 
From lADS < 11:2>, 
MilO 
t44 
Delay Act/Float 
34 
ns 
From AEN 


AEN 
t45 
Setup Time 
95 
ns 
To CMD# 
Falling 
t46 
Hold Time 
25 
ns 
From CMD# 
Falling 


START# 
t47 
Pulse Width 
110 
ns 


BE# <3:0>, 
WIR 
t48 
Setup Time 
80 
ns 
To CMD# 
Falling 
t49 
Hold Time 
25 
ns 
From CMD# 
Falling 


EXRDY 
t50 
Delay Negated 
125 
ns 
From START# 
Falling(3) 
t51 
Delay Float 
40 
ns 
From BCLK Falling 


CMD# 
t52 
Pulse Width 
110 
ns 


IDAT<31:0> 


t53 
Setup Time 
-35 
ns 
To CMD# 
Falling(2) 
t54 
Hold Time 
0 
ns 
From CMD# 
Rising(2) 
t55 
Delay Valid 
100 
ns 
From BCLK Rising(1) 
t56 
Delay Invalid 
0 
ns 
From CMD# 
Rising(1) 
t57 
Delay Float 
50 
ns 
From CMD# 
Rising 


IDDIR 
t58 
Delay Valid 
50 
ns 
From W/R Valid 
t59 
Delay Invalid 
2 
ns 
From CMD# 
Rising 


IDOE# 
t60 
Delay Act (Read) 
25 
ns 
From CMD# 
Falling 
t61 
Delay Inact (Read) 
20 
ns 
From CMD# 
Rising 
t62 
Delay Act/lnact 
(Write) 
45 
ns 
From BCLK Rising 


IOSEL# 
t63 
Delay Active 
60 
ns 
From IADS< 
11:2> 


t64 
Delay Inactive 
5 
ns 
From CMD# 
Rising 
If Latched 


inter 


Symbol 
Parameter 
Min 
Max 
Units 
Notes 


TCLK 
t65 
Period 
50 
250 
ns 
t66 
High Time 
18 
ns 
Measured 
@ 2.0V 


t67 
Low Time 
20 
ns 
Measured 
@ 0.8V 


TRQ# 
t68 
Delay Act/lnact 
15 
ns 
From TCLK Rising 


TLD# 
t69 
Delay Act/lnact 
25 
ns 
From TCLK Rising 


TEOP# 


t70 
Delay Act/Float 
25 
ns 
From TCLK Rising (Output) 


TCHAN, TDIR 
t73 
Setup Time 
25 
ns 
ToTLD# 
orTRQ# 
Active(ll) 


TACK # 
t74 
Setup Time 
15 
ns 
To TCLK Rising 
t75 
Hold Time 
1 
To TCLK Rising 
I 
ns 


TDAT<15:0> 


t76 
Delay Valid 
4 
25 
ns 
From TCLK Rising/TDOE 
# Falling 
t77 
Delay Float 
25 
ns 
From TCLK/TDOE 
# Rising 
t78 
Setup Time 
10 
ns 
TO TCLK Rising 
t79 
Hold Time 
1 
ns 
From TCLK Rising 
t80 
Ratio of TCLK to BCLK 
1.1 


Symbol 
Parameter 
Min 
Max 
Units 
Notes 


LADS<1:0>, 
LCS# 
t81 
Setup Time 
10 
ns 
To LRD# 
Falling 
t82 
Hold Time 
0 
ns 
From LRD# 
Rising 


LRD# 
t83 
Pulse Width 
150 
ns 


LDAT<7:0> 


t84 
Delay Valid 
130 
ns 
From LRD# 
Falling(4) 
t85 
Max Delay Valid 
2.5 (t1) + 120 
ns 
From LRD# 
Falling(5) 
t86 
Delay Float 
40 
ns 
From LRD# 
Rising 


LRD# 
(Inact) to LRD# 
(Act) or LWR# 
(Act) 
t87 
Recovery 
Time 
60 
ns 


inter 


Symbol 
Parameter 
Min 
Max 
Units 
Notes 


LADS<1:0>, 
LCS# 
t88 
Setup Time 
10 
ns 
To LWR# 
Falling 


t89 
Hold Time 
0 
ns 
From LWR # Rising 


LWR# 


t90 
Pulse Width 
100 
ns 
(4) 


LDAT<7:0> 


t91 
Setup Time 
. 
60 
ns 
To LWR# 
Rising(4) 


t92 
Hold Time 
10 
ns 
From LWR# 
Rising 


t93 
Data Valid 
70 
ns 
From LWR # Falling(5) 


LWR# 
(Inact) to LWR# 
(Act) or LRD# 
(Act) 
t94 
Recovery 
Time 
60 
ns 


Symbol 
Parameter 
Min 
Max 
Units 
Notes 


LRDY 
t95 
Delay Inactive 
50 
ns 
From LADS and LCS# 
Valid(5) 


Delay Active 
From LRD# 
or LWR# 
Active 
t96 
Max Delay 
3.5 (t1)+60 
ns 
(5,6) 
t97 
Max Delay 
2.5 (t1)+60 
ns 
(5,6) 
t98 
Min Delay 
1.5 (t1) 
ns 
(5,6) 


LDAT<7:0> 


t99 
Delay Valid 
0 
ns 
From LRDY Rising(5, 12) 


NOTES 
FOR A.C TIMINGS: 
1. Specification 
does 
not include 
allowance 
for 13 ns max. and 2 ns min. into 240 pF for external 
buffer 
delay to EISA bus. 


2. Specification 
does 
not include 
allowance 
for 8 ns max. and 1 ns min. into 25 pF for external 
input delay from 
EISA bus. 


3. Delay includes 
40 ns for pull-up 
rise time (300n 
into 240 pF, 2V rise). 


4. Applies 
to all non-shared 
registers 
excluding 
the Peek/Poke 
Data registers. 
LRDY will remain 
active. 


5. Applies 
to the Peek/Poke 
Data and Shared 
Registers. 
LRDY will be taken 
inactive 
as soon as LA<1:0> 
and LCS# 
are 


valid, and remain 
inactive 
until valid data is available, 
or has been written. 
6. The maximum 
LRDY delay, 
3.5 (t1) 
+ 
60 ns from 
LRD# 
or LWR#, 
only occurs 
if the local 
processor 
access 
loses 
the 


internal 
register 
access 
arbitration 
to an EISA access 
and if the following 
BCLK cycle 
is stretched. 
Without 
BCLK stretching, 


the maximum 
delay is 2.5 (t1) +60 
ns. The minimum 
LRDY delay is 1.5 (t1). NOTE: The maximum 
BCLK stretch 
that will be 
seen by the BMIC is one BCLK period; 
this is assuming 
that the bus controller 
is the 82:158 (EBC). If the 82358 
is not used 
as the bus controller, 
the LRDY and data delay 
max. specs 
(t96/t85) 
will not necessarily 
be valid. 
7. Exiting 
master 
mode, the address 
lines 
<31:2>, 
M·IO, LOCK# 
START#, 
IBE# 
<3:0>, 
MSBURST#, 
IDAT <31:0>, 
and 
W/R 
will float 
no later than the falling 
edge of BCLK after CMD# 
is deasserted. 
8. During 
a mismatched 
cycle 
START#, 
IBE# 
<3:0>. 
and IDAT<31:0> 
will float 
from 
the first falling 
edge 
of BCLK 
after 
START # is negated. 
9. Includes 
mismatched 
cycles. 
10. Refers 
to the 
upper 
22 EISA 
address 
lines 
which 
are 
multiplexed 
into 
the 
upper 
22 data 
lines 
IDAT<31:10>. 
The 
address 
will be available 
for latching 
into the external 
address 
latches 
45 ns from the falling 
edge of BCLK. 
11. The TDIR and TCHAN 
signals 
are referenced 
to the falling edge of TRQ# 
during the cycles 
that TLD# 
is not requested. 
12. LRDY 
going 
active 
will always 
be delayed 
from 
data 
valid. 
The 
maximum 
delay 
seen 
will be no greater 
than 
one 
(t1) 


period. 
13. Characterized, 
not tested. 


14. Under 
non-preempt. 
MREQ# 
will deassert 
a minimum 
of 0.5 BCLKs 
after the negating 
edge 
of the last CMD# 
of the 
transfer, 
depending 
on the cycle 
type (refer to the Basic Function 
Timings. 
Section 
10.0). 


15. During 
an EISA read transfer, 
the BMIC will assert 
TEOP# 
typically 
eight TCLKs 
(max 20 TCLKs) 
after CMD# 
is deas- 


serted 
from the last EISA cycle, 
indicating 
end of transfer 
(refer to the Basic Function 
Timings, 
Section 
10.0). 


16. During 
an EISA 
write 
transfer, 
the 
BMIC 
will assert 
TEOP# 
two 
TCLKs 
after 
CMD# 
is deasserted, 
indicating 
end 
of 
transfer 
(refer to the Basic Function 
Timings, 
Section 
10.0). 


17. For address 
changes 
while 
CMD# 
is active. 
18. During 
an upper 
address 
load cycle, 
at the beginning 
of a transfer 
sequence. 
CMD# 
is inactive. 


19. For "Downshifting 
Cases" 
where 
the transfer 
is misaligned. 
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A.C. Testing Input, Output Waveforms 
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NOTE: 
The input waveforms 
have tr < 2.0 ns from 0.8V to 2.0V 
A. Output 
delay 
specification 
referenced 
from 
one 
of 
the 
following 
signals: 
BClK, 
TClK, 
CMD"" 
START"" 
AEN, 
IADS<11:2>, 
W/R, 
TDOE"', 
lRD"', 
lWR"" 
lADS<1:0>, 
lCS"', 
lRD"', 
or lWR"'. 


B. Minimum input setup specification 
referenced to one of the following signals: BClK, 
TClK, 
CMD"', 
lWR"" 
lRD"', 
TlD"" 
orTRO"'. 


C. Minimum input hold specification 
referenced 
to one of the following 
signals: BClK, 
TClK, 
CMD"" 
lWR"" 
lRD"" 
TlD"" 
or TRO"'. 


A.C. Testing: All inputs are driven at 4V for a logic "1" and OV for a logic "a". A.C. Timings are measured from the 0.8V and 
2.0V levels on the source signal to either the 0.8V and 2V or 1.5V level on the signal under test; except 
as noted by the 
following: 
1. BClK 
and TClK 
high time measurements 
are made at 2.0V 


2. BClK 
and TClK 
low time measurements 
are made at 0.8V 


3. START"" 
CMD"" 
lRD"', 
and lWR'" 
pulse width measurements 
are made at 0.8V 


A.C. TEST 
LOADS 


Cl 
= 25 pF on IDAT<31:0>, 
IDOE"', 
IOSEl'" 
<1:0>, 
TRO"', 
TlD"" 
TEOP"" 
TDAT<15:0>, 
TCHAN, TDIR, lRDY, 
and 


lDAT<7:0> 
Cl 
= 35 pF on IDDIR 
Cl 
= 50 pF on UAlOE'" 
and LINT 


Cl 
= 120 pF on MREO'" 
and EINT 


Cl 
= 240 pF on IADS<9:2>, 
BE", <3:0>, 
W/R, 
START"', 
EX32"" 
lOCK, 
MSBURST"" 
MASTER16"', 
EXRDY, and MilO 
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13.1 Signal Overview 


Name = Pin Name, Type = I-Input, 
O-Output, 
OC-Open 
Collector, 
B-Both 
Input and Output, 
BC-Both 
and Open Collector, 
Pin = Pin Location 


Name 
Type 
Pin 
Description 


EISA BUS INTERFACE 
SIGNALS 


START# 
B 
84 
EISA Start of Cycle 
CMD# 
I 
102 
EISA Command 
Strobe 
M/IO 
B 
81 
EISA Memory/IO 
Cycle Status Signal 
W/R 
B 
80 
EISA Write/Read 
Status Signal 
EXRDY 
I,OC 
103 
EISA Ready Signal 
EX32# 
I,OC 
102 
EISA 32-Bit Slave Response 
Signal 
MASTER16# 
OC 
82 
EISA 16-Bit Master Control Signal 
IBE# <3:0> 
B 
64,61,60 
EISA Byte Enable Lines 
59 
AEN 
I 
107 
EISA Address 
Enable Signal 
MSBURST# 
0 
96 
EISA Master Burst Signal 
SLBURST# 
I 
97 
EISA Slave Burst Signal 
LOCK# 
0 
98 
EISA Resource 
Lock Signal 
MREQ# 
0 
99 
EISA Bus Master Request 
Signal 
MAK# 
I 
100 
EISA Master Bus Acknowledge 
Signal 
EINT 
BC 
109 
EISA Interrupt 
Request 
Signal 
BCLK 
I 
101 
EISA Bus Clock 
RESET 
I 
125 
EISA Reset Signal 
IDAT<31:0> 
B 
Section 
EISA Data Lines 
IADS<11:10> 
I 
105,106 
EISA Address 
Input Lines 
IADS<9:2> 
B 
57-55,53, 
EISA Lower Address 
Lines 
44,40-38 


EISA BUFFER CONTROL 
SIGNALS 


UALOE# 
0 
78 
EISA Upper Address 
Latch and Output Enable 
IDDIR 
0 
79 
EISA Data Buffer Direction 
Signal 
IDOE23# 
0 
75 
EISA Data Byte Line Buffer Enable (Bytes 3, 2) 
IDOE# 
<1:0> 
0 
76, 77 
EISA Data Byte Line Buffer Enables 
(Bytes 1, 0) 


TRANSFER 
BUFFER 
INTERFACE 
SIGNALS 


TCLK 
I 
32 
Transfer 
Clock 
TRQ# 
0 
7 
Transfer 
Data Request 
Signal 
TACK # 
I 
6 
Transfer 
Data Acknowledge 
Signal 
TDIR 
0 
3 
Transfer 
Data Direction 
Signal 
TCHAN 
0 
4 
Transfer 
Data Channel 
Select Signal 
TLD# 
0 
5 
Transfer 
Address 
Counter 
Load Signal 
TDOE# 
I 
2 
Transfer 
Data Bus Output Enable 
TEOP# 
I,OC 
1 
Transfer 
End-of-Process 
TDAT<15:0> 
B 
Section 
Transfer 
Data Bus Lines 


13.1 Signal Overview 
(Continued) 


Name = Pin Name, Type = I-Input, 
O-Output, 
OC-Open 
Collector, 
B-Both 
Input and Output, 
Be-Both 
and Open Collector, 
Pin = Pin Location 


Name 
Type 
Pin 
Description 


LOCAL PROCESSOR 
INTERFACE 
SIGNALS 


LRD# 
I 
130 
Local Read Signal 


LWR# 
I 
129 
Local Write Signal 


LCS# 
I 
128 
Local Chip Select Signal 


LDAT<7:0> 
B 
121-118 
Local Data Bus Lines 
115-112 


LADS<1:0> 
B 
127,126 
Local Address 
Register Select Signals 
LRDY# 
B 
122 
Local Ready Signal 


L1NT# 
0 
123 
Local Processor 
Interrupt 
Signal 


MISCELLANEOUS 
SIGNALS 


IOSEL# 
<1:0> 
0 
111,110 
Expansion 
Board Address 
Range Decode 
Signals 


POWER PINS 


Vcc 
108, 124 
Power Pins for the Internal Logic 


Vss 
42,58 
Ground Pins for the Internal Logic 
VCCB 
12,23,41,63, 
Power Pins for the Output Buffers 
74,83,94, 
117,132 
VSSB 
13, 22, 33, 43, 
Ground Pins for the Output Buffers 
54, 62, 73, 85, 
95,116,131 


inter 


13.2 
Device Pinout 


I = Input, 0 = Output, 
OC = Open Collector, 
8 = 80th 
Input and Output, 
8C = 80th and Open Collector 


A Row 


Pin 
Label 
Type 


1 
TEOP# 
I,OC 
2 
TOOE# 
I 
3 
TOIR 
0 
4 
TCHAN 
0 
5 
TLO# 
0 
6 
TACK # 
I 
7 
TRQ# 
0 
8 
TOATO 
8 
9 
TOAT1 
8 
10 
TOAT2 
8 
11 
TOAT3 
8 
12 
VCCB 
13 
VSSB 
14 
TOAT4 
8 
15 
TOAT5 
8 
16 
TOAT6 
8 
17 
TOAT7 
8 
18 
TOAT8 
8 
19 
TOAT9 
8 
20 
TOAT10 
8 
21 
TOAT11 
8 
22 
VSSB 
23 
VCCB 
24 
TDAT12 
8 
25 
TDAT13 
8 
26 
TOAT14 
8 
27 
TOAT15 
8 
28 
IOATO 
8 
29 
IOAT16 
8 
30 
IOAT1 
8 
31 
IOAT17 
8 
32 
TCLK 
I 
33 
VSSB 


BRow 


Pin 
Label 
Type 


34 
IOAT2 
8 
35 
IOAT18 
8 
36 
IOAT3 
8 
37 
IOAT19 
8 
38 
IAOS2 
8 
39 
IAOS3 
8 
40 
IAOS4 
8 
41 
VCCB 
42 
VSS 
43 
VSSB 
44 
IAOS5 
8 
45 
IOAT4 
8 
46 
IOAT20 
8 
47 
IOATS 
8 
48 
IOAT21 
8 
49 
IOAT6 
8 
50 
IOAT22 
8 
51 
IOAT7 
8 
52 
IOAT23 
8 
53 
IAOS6 
8 
54 
VSSB 
55 
IAOS7 
8 
56 
IAOS8 
8 
57 
IAOS9 
8 
58 
VSS 
59 
18EO# 
8 
60 
18E1 # 
8 
61 
18E2# 
8 
62 
VSSB 
63 
VCCB 
64 
18E3# 
8 
65 
IOAT8 
8 
66 
IOAT24 
8 


CRow 


Pin 
Label 
TYIPe 


67 
IOAT9 
EI 
68 
IOAT25 
EI 
69 
IOAT10 
Ei 
70 
IOAT26 
Ei 
71 
IOAT11 
Ei 
72 
IOAT27 
EI 
73 
VSSB 
74 
VCCB 
75 
IOOE23# 
0 
76 
IOOE1 # 
0 
77 
IOOEO# 
0 
78 
UALOE# 
0 
79 
IOOIR 
0 
80 
W/R 
Ei 
81 
MilO 
Ei 
82 
MASTER16# 
OC 
83 
VCCB 
84 
START# 
Ei 


85 
VSSB 
86 
IOAT12 
Ei 


87 
IOAT28 
Ei 


88 
IOAT13 
E, 


89 
IOAT29 
E, 


90 
IOAT14 
E, 


91 
IOAT30 
E, 


92 
IOAT15 
E, 


93 
IOAT31 
E, 


94 
VCCB 
95 
VSSB 
96 
MS8URST# 
(I 


97 
SL8URST# 
I 
98 
LOCK# 
(I 


99 
MREQ# 
(I 


DRow 


Pin 
Label 
Type 


100 
MAK# 
I 
101 
8CLK 
I 
102 
CMO# 
I 
103 
EXROY 
I,OC 
104 
EX32# 
I,OC 
105 
IAOS11 
I 
106 
IAOS10 
I 
107 
AEN 
I 
108 
VCC 
109 
EINT 
8C 
110 
10SELO# 
0 
111 
IOSEL1 # 
0 
112 
LOATO 
8 
113 
LOAT1 
8 
114 
LOAT2 
8 
115 
LOAT3 
8 
116 
VSSB 
117 
VCCB 
118 
LDAT4 
8 
119 
LOAT5 
8 
120 
LOAT6 
8 
121 
LOAT7 
8 
122 
LROY 
8 
123 
LINT 
0 
124 
VCC 
125 
RESET 
I 
126 
LAOSO 
I 
127 
LAOS1 
I 
128 
LCS# 
I 
129 
LWR# 
I 
130 
LRO# 
I 
131 
VSSB 
132 
VCCB 


TEOP# 
TDOE# 
TDIR 
TCHAN 
TLD# 
TACK# 
TRQ# 
TDATO 
TDATl 
ToAT2 
ToAT3 
VCC 
VSS 
ToAT4 
TDAT5 
TDAT6 
TDAT7 
TDAT8 
ToAT9 
ToAT10 
TDAT11 
VSS 
VCC 
TDAT12 
ToAT13 
TDAT14 
TDAT15 
10ATO 
loAT16 
10AT1 
1OAT17 
TCLK 
VSS 


~REQ# 
LOCK# 
SLBURST# 
~SBURST# 
VSS 
VCC 
loAT31 
loAT15 
loAT30 
10AT14 
loAT29 
loAT13 
loAT28 
loAT12 
VSS 
START# 
VCC 
~ASTER16# 
~/IO 
W/R 
100iR 
UALOE# 
IOAEO/I 
IOOE1# 
100E23/1 
VCC 
VSS 
loAT27 
loAT11 
loAT26 
loAT10 
loAT25 
loAT9 


inter 


PACKAGING 
INFORMATION 
(See Packaging 
Specification 
Order # 231369) 


The individual 
components 
of Intel's 
EISA Chip Set 
come 
in JEDEC 
standard 
Gull Wing 
packages 
(25 
MIL pitch), with "bumpers" 
on the corners 
for ease 
of handling. 
Please refer to the accompanying 
table 
for the package 
associated 
with each device, and to 
the individual 
component 
specifications 
for pinouts. 


(Note that the individual 
pinouts 
are numbered 
con- 
sistently 
with the numbering 
scheme 
depicted 
in the 
accompanying 
figures.) 


Case Outline Drawings 
Plastic Fine Pitch Chip Carrier 
0.84 mm Pitch 


0.31 (0.012)-1 
f-- 


0.20 (0.008) 


0.20 (0.008) 
0.14 (0.005) 


8DEG. 
o DEG. 


~ 


Symbol 
Description 
Inch 
mm 


Min 
Max 
Min 
Max 


N 
Lead Count 
132 
132 


A 
Package 
Height 
0.160 
0.170 
4.06 
4.32 


A1 
Standoff 
0.020 
0.030 
0.51 
0.76 


D,E 
Terminal 
Dimension 
1.075 
1.085 
27.31 
27.56 


D1, E1 
Package 
Body 
0.947 
0.953 
24.05 
24.21 


D2, E2 
Bumper Distance 
1.097 
1.103 
27.86 
28.02 


D3,E3 
Lead Dimension 
0.800 Ref 
20.32 Ref 


L1 
Foot Length 
0.020 
0.030 
0.51 
0.76 


inter 


-~ 
/;j- 


« 


t 


inter 


I.!t 
"'''~ 
DIE 


f 
1.32 (."52) 
1.22 (."48) 


".9" 
<'''35) 
MIN.j 
_ 
2."3 (."8,,)-J 
1.93 
<,,,71,) 


• 


1;;S.~ ••aCKage ,nerma, 
:speCITICatlOn 


The 82355 
(BMIC) 
is specified 
for operation 
when 


the 
case 
temperature 
is within 
the 
range 
of O°C- 


85°C. The 
case 
temperature 
may be measured 
in 
any environment, 
to determine 
whether 
the device is 


within the specified 
operating 
range. 


The PQFP case temperature 
should be measured 
at 


the center 
of the top surface 
opposite 
the pins, as 


shown 
in the figure below. 


ts,,;,~~•..u •..•.••.•aCKage ,nermal 
Characteristics 


Thermal 
Resistance-°C/W 


Parameter 
Air Flow Rate (ft/min) 


0 
50 100 
200 
400 600 800 


8 Junction-Case 
7 
7 
7 
7 
7 
7 
7 


8 Case to Ambient 
22 21 19.5 
17.5 14.5 
12 
10 


NOTES: 
1. Table 
2 applies 
to 82358 
PQFP plugged 
into socket 
or 


soldered 
directly 
into board. 


2. (JJA = (JJC + (JCA· 


150 mA max at 85°C 
Measure 
PQFP case temperature 
at center 
of top surface 


Local Address 
Type 
Register 
Description 


0 
R/W 
Local Data Register 
1 
R/W 
Local Index Register 
2 
R/W 
Local Status/Control 
Register 
3 
- 
Reserved 
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EISA 
Type 
Index 
Type 
Register 
Description 
Address 
Address 


XC80 
R 
00 
R/W 
10 Byte 0 
XC81 
R 
01 
R/W 
10 Byte 1 
XC82 
R 
02 
R/W 
10 Byte 2 
XC83 
R 
03 
R/W 
10 Byte 3 


XC84 
- 
r 
04 
- 
Non BMIC Register 
(For Expansion 
Board Use) 


XC85 
- 
, 
05 
- 
Non BMIC Register 
(For Expansion 
Board Use) 
XC86 
- 
06 
- 
Non BMIC Register 
(For Expansion 
Board Use) 
XC87 
- 
07 
- 
Non BMIC Register 
(For Expansion 
Board Use) 


XC88 
R 
08 
R/W 
Global Configuration 
Register 
XC89 
R/W 
09 
R 
System Interrupt 
Enable/Control 
Register 
XC8A 
R/W 
OA 
R/W 
Semaphore 
Port 0 
XC8B 
R/W 
OB 
R/W 
Semaphore 
Port 1 
XC8C 
R 
OC 
R/W 
Local Doorbell 
Enable Register 
XC8D 
R/W 
00 
R/W 
Local DoorbelllnterruptiStatus 
Register 
XC8E 
R/W 
OE 
R 
EISA System Doorbell 
Enable Register 


XC8F 
R/W 
OF 
R/W 
EISA System Doorbell 
Interrupti 
Status Register 
XC90 
R/W 
10 
R/W 
Mailbox Register 
(1) 
XC91 
R/W 
11 
R/W 
Mailbox Register 
(2) 
XC92 
R/W 
12 
R/W 
Mailbox Register 
(3) 
XC93 
R/W 
13 
R/W 
Mailbox Register 
(4) 
XC94 
R/W 
14 
R/W 
Mailbox Register 
(5) 
XC95 
I 
R/W 
15 
R/W 
Mailbox Register 
(6) 
XC96 
R/W 
16 
R/W 
Mailbox Register 
(7) 
XC97 
R/W 
17 
R/W 
Mailbox Register 
(8) 
XC98 
R/W 
18 
R/W 
Mailbox Register 
(9) 
XC99 
R/W 
19 
R/W 
Mailbox Register 
(10) 
XC9A 
R/W 
1A 
R/W 
Mailbox Register 
(11) 
XC9B 
R/W 
1B 
R/W 
Mailbox Register 
(12) 
XC9C 
R/W 
1C 
R/W 
Mailbox Register 
(13) 
XC9D 
R/W 
10 
R/W 
Mailbox Register 
(14) 
XC9E 
R/W 
1E 
R/W 
Mailbox Register 
(15) 
XC9F 
R/W 
1F 
R/W 
Mailbox 
Register 
(16) 


XCAO-XCAF 
R/W 
20-2F 
- 
Reserved 


inter 


Index 
Type 
Register 
Description 
Address 


30 
R/W 
Peek/Poke 
Data Register 
Byte 0 
31 
R/W 
Peek/Poke 
Data Register 
Byte 1 
32 
R/W 
Peek/Poke 
Data Register 
Byte 2 
33 
R/W 
Peek/Poke 
Data Register 
Byte 3 
34 
R/W 
Peek/Poke 
Address 
Register 
Byte 0 
35 
R/W 
Peek/Poke 
Address 
Register 
Byte 1 
36 
R/W 
Peek/Poke 
Address 
Register 
Byte 2 
37 
R/W 
Peek/Poke 
Address 
Register 
Byte 3 
38 
R/W 
Peek/Poke 
Control Register 


39 
R/W 
I/O Decode 
Range 0 Base Address 
3A 
R/W 
I/O Decode 
Range 0 Control Address 
3B 
R/W 
I/O Decode 
Range 1 Base Address 
3C 
R/W 
I/O Decode 
Range 1 Control Address 


3D 
- 
Reserved 
3E 
- 
Reserved 
3F 
- 
Reserved 


40 
R/W 
Channel 0 Base Count Register 
Byte 0 
41 
R/W 
Channel 0 Base Count Register 
Byte 1 
42 
R/W 
Channel 0 Base Count Register 
Byte 2 
43 
R/W 
Channel 
0 Base Address 
Register 
Byte 0 
44 
R/W 
Channel 
0 Base Address 
Register 
Byte 1 


45 
R/W 
Channel 0 Base Address 
Register 
Byte 2 
46 
R/W 
Channel 
0 Base Address 
Register 
Byte 3 
47 
Reserved 
48 
R/W 
Channel 0 Configuration 
Register 
49 
W 
Channel 
0 Transfer 
Strobe Register 
4A 
R 
Channel 
0 Status Register 
4B 
R/W 
Channel 
0 TBI Base Register 
Byte 0 
4C 
R/W 
Channel 
0 TBI Base Register 
Byte 1 
4D 
- 
Reserved 
4E 
- 
Reserved 
4F 
- 
Reserved 
50 
R 
Channel 
0 Current Count Register 
Byte 0 
51 
R 
Channel 0 Current Count Register 
Byte 1 
52 
R 
Channel 0 Current Count Register 
Byte 2 
53 
R 
Channel 0 Current Address 
Register 
Byte 0 
54 
R 
Channel 0 Current Address 
Register 
Byte 1 
55 
R 
Channel 
0 Current Address 
Register 
Byte 2 
56 
R 
Channel 0 Current Address 
Register 
Byte 3 
57 
- 
Reserved 
58 
R 
Channel 
0 TBI Current Register 
Byte 0 
59 
R 
Channel 
0 TBI Current Register 
Byte 1 


5A 
- 
Reserved 
5B 
- 
Reserved 
5C 
- 
Reserved 
5D 
- 
Reserved 
5E 
- 
Reserved 
5F 
- 
Reserved 


Index 
Type 
Register 
Description 
Address 


60 
R/W 
Channel 
1 Base Count Register 
Byte 0 
61 
R/W 
Channel 
1 Base Count Register 
Byte 1 


62 
R/W 
Channel 
1 Base Count Register 
Byte 2 


63 
R/W 
Channel 
1 Base Address 
Register 
Byte 0 


64 
R/W 
Channel 
1 Base Address 
Register 
Byte 1 


65 
R/W 
Channel 
1 Base Address 
Register 
Byte 2 


66 
R/W 
, 
Channel 
1 Base Address 
Register 
Byte 3 


67 
- 
Reserved 


68 
R/W 
Channel 
1 Configuration 
Register 
69 
W 
Channel 
1 Transfer 
Strobe Register 
6A 
R 
Channel 
1 Status Register 
6B 
R/W 
Channel 
1 TBI Register 
Byte 0 
6C 
R/W 
Channel 
1 TBI Register 
Byte 1 
60 
- 
Reserved 
6E 
- 
Reserved 
6F 
- 
Reserved 


70 
R 
Channel 
1 Current Count Register 
Byte 0 
71 
R 
Channel 
1 Current Count Register 
Byte 1 
72 
R 
Channel 
1 Current Count Register 
Byte 2 


73 
R 
Channel 
1 Current Address 
Register 
Byte 0 
74 
R 
Channel 
1 Current Address 
Register 
Byte 1 
75 
R 
Channel 
1 Current Address 
Register 
Byte 2 
76 
R 
Channel 
1 Current Address 
Register 
Byte 3 
77 
- 
Reserved 
78 
R 
Channel 
1 TBI Current Register 
Byte 0 
79 
R 
Channel 
1 TBI Current Register 
Byte 1 


7A 
- 
Reserved 
7B 
- 
Reserved 
7C 
- 
Reserved 
70 
- 
Reserved 
7E 
- 
Reserved 
7F 
- 
Reserved 


NOTES: 
1. TBI = Transfer 
Buffer 
Interface 
2. X = Slot number 
3. All the reserved 
locations 
when 
read, will return 
a value of no practical 
use to the user. 


4. The "non 
BMIC" 
register 
locations 
(XC84h-XC87h 
& 04h-07h) 
are locations 
to be used by registers 
implemented 
exter- 


nally on the expansion 
board. 
The BMIC will not respond 
to these 
locations 
(XC84h-CC87h) 
when 
accessed 
from the EISA 


side. However, 
the BMIC can be programmed 
to support 
the decode 
of the EISA addresses 
(XC84h-XC87h) 
through 
its I/O 


decode 
register 
set (refer 
to Section 
4.8). All "non 
BMIC" 
register 
locations 
(04h-07h) 
when 
read from 
the local 
side, will 
return 
a value 
of no practical 
use to the user. 


• Single-Chip Floppy Disk Solution 
• Integrated Tape Drive Support 
-100% 
PC AT· Compatible 
• 12 mA Host Interface Drivers, 40 mA 
-100% 
PS/2· Compatible 
Disk Drivers 
-100% 
PS/2 Model 30 Compatible 
-Integrated 
Drive and Data Bus 
• Four Fully Decoded Drive Select and 
Buffers 
Motor Signals 
• Integrated Analog Data Separator 
• Programmable Write Precompensation 
- 
250 Kbits/sec 
Delays 
- 
300 Kbits/sec 
• Addresses 256 Tracks Directly, 
- 
500 Kbits/sec 
Supports Unlimited Tracks 
- 
1 Mbits/sec 
16 Byte FIFO 
• 
• High Speed Processor Interface 
68-Pin PLCC 
• 
• Perpendicular Recording Support 


The 82077 AA floppy disk controller 
has completely 
integrated 
all of the logic required 
for floppy 
disk control. 


The 82077AA, 
a 24 MHz crystal, 
a resistor 
package 
and a device 
chip select 
implements 
a PC AT or PS/2 
solution. 
All programmable 
options 
default 
to compatible 
values. 
The 
dual 
PLL data 
separator 
has better 
performance 
than most board 
level/discrete 
PLL implementations. 
The FIFO allows 
better 
system 
perform- 
ance in multi-master 
systems 
(e.g. PS/2, 
EISA). 


The 82077AA 
is fabricated 
with 
Intel's 
CHMOS 
III technology 
and is available 
in a 58-lead 
PLCC (plastic) 
package. 


vee 
vss 
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STEP 
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WRDATA 
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82311 
Micro Channel * Compatible 
Peripheral Family 


• 


inter 


82311 Micro Channel 


COMPATIBLE PERIPHERAL 
FAMILY 
MICRO· CHANNEL 
COMPATIBLE 


PERIPHERALS 
FAMILY 
OVERVIEW 
1-511 


82311 MICRO CHANNEL 
COMPATIBLE 
CHIP SET 
1-512 


MICRO CHANNEL 
INTERFACE 
AND 


SPECIFICATIONS 
1-516 


PACKAGING 
INFORMATION 
1-523 


82303 LOCAL 1/0 SUPPORT 
CHIP 


(L10) 
1-526 


82304 LOCAL 
1/0 SUPPORT 
CHIP 


(LIO) 
1-536 


82307 DMAIMicro 
Channel 
ARBITRATION 
CONTROLLER 
1-551 


82308 Micro 
Channel 
BUS 
CONTROLLER 
(BC) 
1-563 


82309 ADDRESS 
BUS CONTROLLER 


(ABC) 
1-594 


82077 AA FLOPPY DISK 
CONTROLLER 
1-624 


Micro (;nannel COMPATIBLE PERIPHERALS FAMILY 
High Performance/High 
Infegrafion/100% 
Compafibility 


• 
Total Solution 
... 
High Integration 
VLSI 
Components 
Implement 
Complete 
Micro Channel 
Compatible 
Motherboards 


• 
Single Architectural 
Solution 
for 
386™ 
OX and 386 SX Systems 


• 
High Performance 
- 
386 Systems 
to 25 MHz 
- 
Up to 16 MB of Zero Wait State 
Page-Interleaved 
DRAM 
-Interface 
to Industry 
Standard 
82385 
Cache Controller 
for Maximum 
Performance 
Memory 
Design 


• 
100% Compatible 
at All Levels 
- 
Architecture 
Compatible 
- 
Register 
Level Compatible 
- 
Compatible 
with All Micro Channel 
Bus Timing and Drive Characteristics 


• 
82311 Chip Set Includes: 
- 
82303 and 82304 Local I/O Channel 
Support 
Chips 
- 
82307 DMA Controller/Central 
Arbiter 
- 
82308 Micro Channel 
Bus Controller 
- 
82309 Address 
Bus Controller 
- 
82077 AA Floppy Disk Controller 


Intel's 
Micro 
Channel 
Peripheral 
Family 
consists 
of a complete 
chip 
set which 
can be used to build 
high 
performance, 
100% 
Micro Channel 
compatible 
motherboard. 
The 82311 chip set features 
a highly integrated 
peripheral 
bus, and includes 
the 82077 AA Single Chip Floppy 
Disk Controller. 
(The 82311 
chip set does not 
support 
the 8272A 
or the 82072.) 
The chip set does support 
386 systems 
at 16, 20, and 25 MHz, as well as 
386 SX systems 
at 16 MHz. 


The following 
pages describe 
Intel's 
Micro Channel 
Peripheral 
Family. The first section 
presents 
an overview 
of the 82311 
and discusses 
system 
issues 
such as clock 
requirements 
and Micro 
Channel 
interface 
logic. 
Following 
this are the individual 
component 
descriptions 
and specifications. 


82311 
HIGH INTEGRATION 
Micro Channel 
COMPATIBLE 
PERIPHERAL 
CHIP SET 
• High Integration 
VLSI Components 
to 
• Flexible 
Memory 
Architecture 
Support 
Implement 
Micro Channel 
Compatible 
- 
Up to 4 Banks of Interleaved 
Page 
Motherboard 
Memory 
• Single Architectural 
Solution 
for 386 OX 
- 
256K, 1M, 4M DRAM Support 


16 MHz, 20 MHz and 25 MHz Systems 
• Supports 
the 82077 AA Single Chip 
and 386 SX 16 MHz Systems 
Floppy Disk Controller, 
Which Supports 
• Full Compatibility 
with IBM Micro 
3%" and 5%" Disk Drives 


Channel 
Architecture 
• Keyboard 
and BIOS Support 
from 3rd 
• Zero-Wait 
State Performance 
Party 
• Cache 
Interface 
(82385) 
for Highest 
• Math Coprocessor(s) 
Interface 
(387 OX, 


Performance 
Compatible 
System 
387™ 
SX) 


Implementation 
with 386 OX 
• Surface 
Mount Packaging 
for Small 
• Supports 
up to 16 MB of Memory 
on 
Footprint 
Design (0.025" 
Pitch) 


Motherboard 
• Low Power CHMOS Technology 
- 
Extended 
Memory 
for OS/2 
Support 
• Available 
in 100 & 132-Pin Plastic Quad 
• 100% IBM Compatible 
VGA Graphics 
Flat Pack Packages. 


(See Packaging 
Spec. 
# 231369) 


Intel's peripheral 
chip family is designed 
to support the new generation 
of Micro Channel 
compatible 
systems. 
Intel's 
Micro Channel 
compatible 
peripheral 
solution 
consists 
of highly integrated 
VLSI components 
designed 


to support 
386 DX systems 
up to 25 MHz, as well as 16 MHz 386 SX systems. 


The Intel solution 
is based on the high performance 
IBM' 
Model 80 register 
model but it is highly integrated 


to provide 
full compatibility 
across 
all models. 
The specifications 
for 82311 
VLSI components 
conform 
to 
architectural 
specifications 
defined 
for the Micro Channel 
Bus Architecture. 
The VLSI components 
are imple- 


mented 
in 1.5 micron 
CHMOS 
technology 
and packaged 
in space 
saving 
surface 
mount 
JEDEC 
flat pack 
packages. 


inter 


The new generation 
of Personal 
Computer 
systems 
from IBM offers significant 
technological 
advantages 
over the PC/AT 
and XT systems. 
The most signifi- 
cant advancement 
is in the Architectural 
definition 
of 
the bus-Micro 
Channel 
Bus. Unlike the AT bus, the 
Micro Channel 
is well defined 
in terms of bus proto- 
col timings. 
To create 
a compatible 
Micro 
Channel 
system 
requires 
adherence 
to the 
Micro 
Channel 
timings 
and electrical 
drive characteristics. 


All IBM Micro Channel 
models 
have increased 
sys- 
tem 
functionality 
included 
on the 
motherboard. 
In 
the older PC/AT 
architecture, 
such functionality 
re- 
quired the addition 
of peripheral 
cards. Specific 
T8a- 
tures 
added 
to the 
motherboard 
include 
the Serial 
Port, Bi-directional 
Parallel 
Port and Video Graphics 
Control. 


The 
Micro 
Channel 
Bus is defined 
to 
support 
an 
open 
architecture 
providing 
Multi-Master 
capability, 
Multi-Device 
arbitration 
with fairness, 
arbitration 
ca- 
pability 
and easy configurability 
of the total 
system 
(Programmable 
Option 
Select-PaS). 
Providing 
full 
details 
about the Micro Channel 
Bus Architecture 
is 
beyond 
the scope of this document. 
Please refer to 
IBM Technical 
Reference 
Manuals 
on Micro Chan- 
nel systems. 


To provide 
Multi-Master 
capability 
as defined 
in the 
Micro 
Channel 
Architecture, 
each 
Master 
device 
is 
responsible 
for driving the Address, 
Data, arbitration 
and 
control 
signals. 
For 
operation 
reliability 
and 
compatibility 
there 
are 
significant 
constraints 
in 
terms 
of timing 
and drive levels. 
These 
constraints 
are well documented 
in IBM's Technical 
Reference 
Manual for Micro Channel 
systems. 
Intel's chip set is 
designed 
to meet the Micro Channel 
timings. 


The Micro Channel 
has four modes 
of Memory 
and 
110 Bus cycles. 
These 
are Default 
cycle, 
Synchro- 
nous Extended 
cycle, Asynchronous 
Extended 
cycle 
and Matched 
Memory 
cycle. 
Each of these 
bus cy- 
cles is supported 
by the Intel Peripheral 
chip set. 


The Intel chip set provides 
full compatibility 
with the 


IBM Micro Channel 
solution. 
All Bus cycles 
comply 
with the Micro Channel 
timings. 
Selection 
of buffers 


for drive 
level with 
minimum 
delays 
to meet 
Micro 
Channel 
timings 
are specified 
in the Intel 82311 Mi- 
cro Channel 
Compatible 
Peripheral 
Chip Set Design- 
ers Guide. 


With 
the 
Intel 
chip 
set, Micro 
Channel 
compatible 
motherboards 
can be designed 
to provide 
zero-wait 
performance. 
Performance 
is predicated 
on memory 
design 
and 
DRAM 
speed 
selection. 
The 
Intel chip 
set offers 
flexible 
memory 
design 
support 
to meet 
various 
cost/performance 
goals. 


System Components 


82303 
Local I/O Support Chip 
82304 
Local I/O Support Chip 
82307 
DMA/CACP 
Controller 
82308 
Micro Channel 
Bus Controller 
82309 
Address 
Bus Controller 
82077 AA 
Floppy Disk Controller 


Note that the above 
names/numbers 
are frequency 
independent; 
i.e., they refer to a generic 
functional 
VLSI device. 
To actually 
implement 
for example, 
a 
20 
MHz 
system, 
however, 
requires 
an 
82311-20 
Chip Set as opposed 
to an 82311-16 
Chip Set. The 
25 MHz version 
of the 82308 (dubbed the 82308HS- 


25) cannot 
be used at 16 MHz or 20 MHz. 


To implement 
a minimum 
configuration 
Micro Chan- 
nel compatible 
motherboard, 
each of the seven sys- 


tem components 
listed 
above 
are required 
in addi- 
tion to the following 
components: 


• 
386 OX or 386 SX Microprocessor 


• 
TTL Buffers 
for Various 
Buses in the System 


• 
8742 Keyboard 
Controller 
with Firmware 
for 101 
and 102 Keyboard 
Interface 


• 
Battery-Backed 
Real 
Time 
Clock 
with 
CMOS 
RAM 


• 
Serial Port 


• 
Memory 


ROM BIOS 


....:...DRAMs 
for Main Memory 


- 
DRAMs 
for VGA 


• 
System 
Clock Sources 


• 
Mechanical 
Connectors/Components 


The Intel solution 
is supported 
by a fully compatible 
BIOS firmware 
from a third-party 
vendor. 


•• 
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82311 CHIP SET SYSTEM 
CLOCK 
REQUIREMENTS 


• 
Introduction 


• 
Clock Definitions 


• 
Clock Requirements 


This section 
describes 
the basic clocking 
scheme 
of 
the host CPU (386 DX or 386 SX), L10 (82304), 
DMA 


(82307), 
BC (82308) 
and 
ABC 
(82309). 
Although 
each component 
spec individually 
describes 
its own 


clock 
requirements, 
this section 
describes 
the syn- 
chronous 
relationship 
that 
exists 
between 
them. 


(Note 
that 
several 
other 
clocks 
exist 
in a 
Micro 
Channel 
system. 
However, 
this 
section 
describes 
only those 
clocks 
that are synchronously 
related 
to 
the CPU clock.) 


The 
clocking 
scheme 
essentially 
divides 
the 
DMA 
bus state into four phases 
as depicted 
in the figure. 


Note 
that 
there 
is a direct 
2-to-1 
mapping 
of 386 
state to DMA state. The DMA (82307) comprehends 
phases 
by inputting 
distinct, 
active low, non-overlap- 
ping clock phases. The Address 
Bus Controller, 
Bus 


"1 
I 
"2 
386T 
"1 
"2 


Controller 
and L10 device learn the system phase by 
synchronously 
sampling 
the 
falling 
edge 
of 
RESET, 
as described 
in the 
component 
specifica- 


tions. 


• 
SCLK 
load 
should 
be 
evenly 
divided 
between 
SCLKA, SCLKB, 
SCLKC, and SCLKD. 


• 
The 
calculated 
characteristic 
impedance 
of 
all 
clock 
lines 
should 
be 
as 
near 
as 
possible 
to 
100n. 


• 
All clock lines should be kept as short as possible 
with no stubs. 


• 
Clock lines should be driven at one end, with op- 
tional parallel termination 
at the other end. Series 
termination 
should be as close as possible 
to the 
driver. 


• 
Guidelines 
in the 
386TM 
Hardware 
Reference 
Manual, 
Chapter 
11, Sections 
2 and 3, for clock 
design should 
be followed. 


• 
A pull-down 
100n 
resistor 
is needed 
on signal 
CLK3 (82309 pin 13) to terminate 
the signal prop- 
erly. 


", 
I 
"2 
386T 
", 
"2 
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SCLK (CLK2 
for 386, 
387, 
82385, 
82308, 
82309, 
82304) 


(Dt.4A)CLK3 


(Dt.4A)CLKl 


(Dt.4A)CLK2 


Symbol 
Parameter 
Kit 16 MHz 
Kit 20 MHz 
Kit 25 MHz 
Notes 
Min 
Max 
Min 
Max 
Min 
Max 


T1 
SCLK High Time (90%) 
8 
6.5 
5.5 
T2 
SCLK Low Time (10%) 
8 
6.5 
5.5 
T3 
SCLK High Time (50%) 
12 
10 
9 
1 
T4 
SCLK Low Time (50%) 
12 
10 
9 
1 
T5 
SCLK Rise Time 
3.5 
3.5 
3.5 
T6 
SCLK Fall Time 
3.5 
3.5 
3.5 
T7 
SCLK-To-DMACLK(N) 
Skew 
-2 
3 
-2 
3 
-2 
3 
2 
T8 
DMACLK(N) 
Rise Time 
2 
2 
2 
T9 
DMACLK(N) 
Fall Time 
2 
2 
2 
T10 
SCLK Period 
T11 
DMACLK-To-DMACLK 
Skew 
-2 
2 
-2 
2 
-2 
2 
2 
T12 
DMACLK 
Low Time 
15 
15 
12 
T13 
DMACLK 
Non-Overlap 
Time 
4 
4 
2 


NOTES: 
1. Needed 
to enforce 
a duty cycle 
between 
40% 
and 60% 
(45% 
and 55% 
at 25 MHz). 
2. Limiting 
skew to this level is recommended. 


•• 


• 
Introduction 


• 
Micro Channel 
Specifications 


• 
Micro Channel 
Interface 
Logic 
Requirements 
- 
386 OX System 
Data Path 
- 
386 OX System 
Address/Command 
Path 
- 
386 SX System 
Data Path 
- 
386 SX System 
Address 
Command 
Path 


This section 
describes 
,the interface 
between 
the host CPU (386 OX, 386 SX), DMA (82307), 
Bus Controller 


(82308) 
and Micro Channel 
Bus. This interface 
provides 
100% 
compliance 
to published 
Micro Channel 
tim- 


ings, driver type requirements, 
drive levels, and drive current 
capability. 
Timings 
meet the full capacitive 
load 
allowed 
on the Micro Channel. 


The Micro Channel 
Specifications 
included 
in this section 
assume the specific 
TIL 
Data, Address, 
and Com- 


mand Path interfaces 
depicted 
in the accompanying 
figures. Timing analysis was based on the Bus Controller 
AC specifications 
included 
in the 82308 
Bus Controller 
section. 
Worst 
case TIL 
analysis 
was used, except 


when two related signals share a path through the same physical chip. (For example, 
since MMCCMD # , SO#, 


and S1 # propagate 
through 
the same 74F241 
package 
in an 386 system, 
one signal will not experience 
a 
worst case delay while the other sees a best case. Rather, it is assumed 
that the signals will track within 2 ns 


of each other.) For this reason, it is important 
to follow the recommendations 
detailed 
at the end of this section 
in the Interface 
Logic Notes. 


The F and AS TIL 
logic is typically 
specified 
into a 50 pF load, worst case delays were derated 
at 1 ns per 50 
pF for loads greater than 50 pF. As an example, 
the 74F241 
published 
maximum 
delay is specified 
as 7 ns. To 
meet Micro Channel 
bus loading 
of 250 pF, a 4 ns derating 
factor was added, 
resulting 
in an effective 
worst 


case delay of 11 ns. 
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Symbol 
Parameter 
Min 
Max 


T1 
Status active from ADDR,M/IO# 
,REFRESH # 
10 
T2 
CMD# 
active from Status active 
55 
T3 
ADL # active from ADDR,M/IO# 
,REFRESH # 
45 
T4 
ADL# 
active to CMD# 
active 
40 
T5 
ADL # active from Status active 
12 
T6 
ADL # pulse width 
40 
T7 
Status hold from ADL # inactive 
25 
T8 
ADDR,M/IO#,REFRESH#,SBHE# 
hold frm ADL# 
INACTIVE 
25 
T9 
ADDR,M/IO# 
,REFRESH # ,SBHE # hold frm CMD# 
ACTIVE 
30 
T10 
Status hold from CMD# 
active 
30 
T11 
SBHE# 
setup to ADL# 
inactive 
40 
T12 
SBHE# 
setup to CMD# 
active 
40 
T13 
CDDS16/32 
active from ADDR,M/IO# 
,REFRESH # 
55 
T14 
CDSFDBK# 
active from ADDR,M/IO#,REFRESH# 
60 
T15 
CMD# 
active from ADDRESS 
valid 
85 
T16 
CMD# 
pulse width 
90 
T17 
Write data setup to CMD# 
active 
0 
T18 
Write data hold from CMD# 
inactive 
30 
T19 
Status to Read Data valid (Access Time) 
125 
T20 
Read Data valid from CMD # active 
60 
T21 
Read Data hold from CMD# 
inactive 
0 
T22 
Read Data bus tri-state from CMD# 
INACTIVE 
40 
T23 
CMD# 
active to next CMD# 
active 
190 
T23A 
CMD# 
inactive to next CMD# 
active 
80 
T23B 
CMD# 
inactive to next ADL# 
active 
40 
T24 
Next Status active from Status Inactive 
30 
T25 
Next Status active to CMD# 
Inactive 
20 
T26 
CHRDY INACTIVE 
FROM ADDR VALID 
60 
T27 
CHRDY INACTIVE 
FROM STATUS ACTIVE 
30 
T28 
CHRDY RELEASE 
FROM CMD# 
ACTIVE 
30 
T28D 
READ DATA VALID FROM CMD# 
ACTIVE 
160 
T29S 
READ DATA VALID FROM CHRDY RELEASE 
60 
T31 
BE # (0-3) 
from Addr valid (32-Bit Masters Only) 
40 
T32 
BE # (0-3) 
active from SBHE # ,AO,A1 active 
30 
T33 
BE#(0-3) 
active to CMD# 
active 
10 
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Symbol 
Parameter 
Min 
Max 


T1 
ADDR VALID TO STATUS ACTIVE 
10 
T2 
Status valid to MMCCMD# 
active 
82 
T3 
ADDR hold from MMCCMD# 
active 
20 
T4 
Status hold from MMCCMD# 
active 
25 
T5 
CDDS16/32 
active from ADDR valid 
55 
T6 
MMCR # active from ADDR valid 
55 
T7 
CDSFD8K 
# active from AD DR valid 
60 
T8 
ADDR valid to MMCCMD# 
active 
100 
T9 
MMCCMD# 
pulse width 
85 
T10 
Write Data valid to MMCCMD# 
active 
0 
T11 
Write Data hold from MMCCMD# 
inactive 
30 
T12A 
Read Data valid from Status active 
145 
T128 
for non-aligned 
xfers (16b < = = > 32b) 
145 
T13A 
Read Data valid from MMCCMD# 
active 
60 
T138 
for non-aligned 
xfers (16b < = = > 32b) 
60 
T14 
Read Data hold from MMCCMD# 
inactive 
0 
T15 
Read Data off dly from MMCCMD# 
inactive 
40 
T16 
MMCCMD# 
active to next MMCCMD# 
active 
180 
T17 
CDCHRDY 
valid from ADDR valid 
70 
T18 
CDCHRDY 
valid from Status active 
30 
T23 
Status inactive pulse width 
30 
T24 
MMCCMD# 
inactive to Status active 
5 
T25 
MMCCMD# 
inactive pulse width 
85 
T26 
MMCCMD# 
ACTIVE TO NEXT STATUS ACTIVE 
90 
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011 
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)( 
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~ 
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HLDA 
BHE# 


M/IO# 
A23-AO 


82307 


SO# 
SI# 
REFRESH# 
DMA# 
BHE# 
M/IO# 


82308 


SO# 
USO# 


Sl# 
US1# 
UCMD# 
UADL# 
UAO 


UBHE# 


SAL 


F254 


DIR 
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Sl# 
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A 
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ADL# 
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BHE# 


CPU 
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BUS 
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S8LW 
08E2 
08E1 
08Ll 


,543 
DE8A 
DEA8 
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CEA8 
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A23-A21.19-1 


M/IO# 


I 
I 
MICRO 
CHANNEL 
SIGNALS 


SWAP 1 


SWOIR 
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1. The F08 gates in the SO#, S 1# path are required 
at 20 MHz and at 25 MHz. They 
should 
not be 
used at 16 MHz. 


2. In an 82385 
system, 
the A20 gate logic is on the 
386 OX local bus, and is thus not required 
on the 
82385 
local bus as shown 
in the diagram. 


3. The F08 gates in the SO#, S1 # path and the F08 
in the A20 path should 
all be from the same TTL 
package. 


4. It 
is 
important 
that 
SO#, 
S1 #, 
BHE#, 
and 
MMCCMD# 
go through 
the same F241 package, 
and that 
CMD#, 
ADL#, 
AD, and A1 go through 
the same package. 


1. The F08 gates 
in the SO#, S1 # path and in the 
A20 path should 
all be from the same package. 


The individual 
components 
of Intel's 
Micro Channel 
Compatible 
Peripheral 
Chip 
Sets 
come 
in JEDEC 
standard 
Gull Wing 
packages 
(25 MIL pitch), 
with 
"bumpers" 
on 
the 
corners 
for 
ease 
of 
handling. 
Please refer to the accompanying 
table for the pack- 
age associated 
with each device, 
and to the individ- 
ual component 
specifications 
for pinouts. 
(Note that 
the 
individual 
pinouts 
are 
numbered 
consistently 
with the numbering 
scheme 
depicted 
in the accom- 
panying figures.) 


MICRO 
CHANNEL 
COMPATIBLE 
PERIPHERAL 
FAMILY 
COMPONENT 
PACKAGES 


Component 
Package 


82303 
100 Pin PQFP 


82304 
132 Pin PQFP 


82307 
132 Pin PQFP 


82308 
100 Pin PQFP 


82309 
100 Pin PQFP 


82077AA 
68-Pin PLCC, 
See Component 
Data Sheet • 


· 
II 
I 
, 


, , 


J 
c:V 
~ 


03/E3------~ 


O/E 


0.20 (0.008) 
0.14 (0.005) 


0.31 (0.012)-1 I- 
0.20 (0.008) 
-==+ 
I- 
8DEG. 
o DEG. 


Case Outline Drawings 
Plastic Fine Pitch Chip Carrier 
0.025 inch Pitch 


Symbol 
Description 
Min 
Max 
Min 
Max 
Min 
Max 
Min 
Max 


N 
Lead Count 
100 
132 
100 
132 


A 
Package 
Height 
0.160 
0.170 
0.160 
0.170 
4.06 
4.32 
4.06 
4.32 


A1 
Standoff 
0.020 
0.030 
0.020 
0.030 
0.51 
0.76 
0.51 
0.76 


D,E 
Terminal 
Dimension 
0.875 
0.885 
1.075 
1.085 
22.23 
22.48 
27.31 
27.56 


D1, E1 
Package 
Body 
0.747 
0.753 
0.947 
0.953 
18.97 
19.13 
24.05 
24.21 


D2, E2 
Bumper Distance 
0.897 
0.903 
1.097 
1.103 
22.78 
22.94 
27.86 
28.02 


D3,E3 
Lead Dimension 
0.600 Ref 
0.800 Ref 
15.24 Ref 
20.32 Ref 


L1 
Foot Length 
0.020 
0.030 
0.020 
0.030 
0.51 
0.76 
0.51 
0.76 
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82303 
LOCAL 1/0 SUPPORT CHIP 


• 
High Integration-The 
82304, 82303 and 
82077 Floppy Disk Controller 
Replace 
50 IC's in IBM Design 


• 
Integrated 
Parallel Port 


• 
Integrated 
Card Setup Port (96H) 


• 
Supports 
System 
Board Setup 


• 
Integrated 
Peripheral 
Bus Address 
Latches 


• 
Low Power CHMOS Technology 


• 
100-Pin Plastic Quad Flat Package 


The 82303 Local Channel Support Chip, along with its companion chip (the 82304) and the 82077 Floppy Disk 
Controller, significantly reduce system cost, design effort, and form factor constraints by replacing 50 IC 
devices in an equivalent IBM system. 


The 82303 integrates most all logic required to implement a parallel port. This port operates either as a 
standard parallel port or as a Microchannel architecture compatible "extended mode" (bi-directional) port. The 
82303 also integrates the Card Setup Port (96H) and several peripheral bus address latches, and provides 
signals in support of system setup functions. 


A(O:2,10:23) 
XA(O:2,10:23) 
XD(O:7) 
lAIO# 
LlAIO# 
VGAlAS# 
LVGAlAS# 
10R# 
IOW# 
ADL# 


CARD 
SETUP 
PORT 


CDSU#(1 :8) 
CDEN# 
PORTRST 
lA60STR# 
CDSUWR 
CDSURD# 


STROBE 
STROBE# 
AUTorc 
...-r- AUTorc# 
SLCTIN 
+-I-- SLCTIN# 
INIT 
INIT# 
IRQ7# 
ACK# 
ERROR# 
BUSY 
PE 
SLCT 
ENEXPP 
PPDREN# 
';-PPSEL# 
PPDWR# 
PPDRD# 


PO 
ABCPD 
P103RD# 
Pl03WR# 
P101RD# 


lAOTHERBOARD 
SETUP 
SUPPORT 


PWRUP#-+: 
I 
I 
• 
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The 82303 
is a high integration 
device 
intended 
for 
Microchannel 
compatible 
system 
designs. 
It inte- 
grates the Microchannel 
Card Setup Port, a parallel 
port, several 
peripheral 
bus address 
latches, 
and a 
variety of system 
board setup functions. 
The 82303, 
in conjunction 
with its sister chip the 82304 and the 
82077 
Floppy 
Disk 
Controller, 
replaces 
approxi- 
mately 
50 IC devices 
in an equivalent 
IBM system. 
Included 
as an appendix 
to this data sheet is a func- 
tional 
logic diagram 
of the 82303 
that will facilitate 
understanding 
of the part. Note that the 82304 and 
82303 
integrate 
a variety 
of system 
ports. 
For pro- 
gramming 
and register 
level details, 
please 
refer to 
the IBM Technical 
Reference 
Manual. 


The 
Bus Interface 
unit interfaces 
the 82303 
to the 
Microchannel 
and 
peripheral 
busses. 
It inputs 
the 
unlatched 
Microchannel 
address, 
latches 
it for inter- 
nal use, and makes the latched version available 
ex- 
ternally 
for other 
peripheral 
bus resources. 
It also 
provides 
additional 
latches 
for decodes 
generated 
from the Microchannel 
address. 


The 82303 
integrates 
most all logic required 
to im- 
plement 
a standard 
or 
"extended-mode" 
parallel 


port. The only logic not integrated 
is that which 
di- 
rectly 
drives 
the 
physical 
parallel 
port 
connector, 
specifically 
one 
'05 (open 
collector) 
inverter 
pack- 
age and one '652 data buffer. 
(This allows 
the sys- 
tem design to stay clear of directly 
exposing 
a VLSI 
component 
to an external 
connector.) 
The 
parallel 
port can serve as LPT1, LPT2, or LPT3, as dictated 
by the 
decode 
received 
via the 
input 
parallel 
port 
decode 
PPSEL #. 


Card Setup Port 


The 
82303 
integrates 
the 
Card 
Setup 
Port 
(96H), 
which generates 
the card setup lines to the individu- 
al Microchannel 
connectors. 
This port also features 
a software 
generated 
reset capability 
that resets the 
Microchannel, 
serial port, and parallel 
port indepen- 
dently of the rest of the system. 


The 
82303 
generates 
decoded 
read/write 
strobes 
for system board setup port 103H, and a read strobe 
for setup 
port 
101 H. It also generates 
a version 
of 
the system 
board POS decode 
(ABCPD) that is then 
forwarded 
to 
the 
82309 
Address 
Bus 
Controller. 


Note 
that 
other 
system 
board 
setup 
ports 
can 
be 
easily 
implemented 
externally 
using 
the 
same 
PD 
(POS Decode) 
that the 82303 
uses. 


Signal 
Pin 
I/O 
Description 
Name-- 
Number 


PWRUP# 
82 
I 
Power-up reset input. Brings 82303 to initial 
known state. 


A[O:2,10:23] 
9-12,22-25, 
I 
Microchannel 
address inputs. These signals are 
27,30-37 
internally 
latched. 
(Note that in systems in 
which a full 24-bit peripheral 
address is not 
required, the upper significant 
address 
latches 
may be used as general 
purpose decode 
latches.) 


XA[O:2,10:23] 
90-98,1-8 
0 
Peripheral 
Bus Address. 
These outputs are 
latched versions 
of the Microchannel 
address 
inputs. 


XD[O:7] 
14-21 
I/O 
Bi-directional 
peripheral 
data bus. 


MIO# 
39 
I 
Microchannel 
MIO# 
indicator. 


LMIO# 
66 
0 
Latched 
Microchannel 
MIO# 
indicator. 
The 
MIO# /LMIO# 
pin combination 
may be used as 
a general purpose 
latch if LMIO# 
is not 
required. 


VGAMS# 
38 
I 
VGA memory buffer decode. 


Signal 
Pin 
I/O 
Description 
Name 
Number 


LVGAMS# 
65 
0 
Latched VGA memory 
buffer decode. The 
VGAMS#/LVGAMS# 
pin combination 
may be 
used as a general purpose 
latch if LVGAMS # is 
not required. 


IOR#,IOW# 
49,48 
I 
82303 read/write 
strobes. 


ADL# 
88 
I 
Microchannel 
ADL # input. 


PD 
46 
I 
POS decode. 
Decode driven in response 
to 
accesses 
to system board setup Ports 100, 101, 
103-107H. 


ABCPD 
58 
0 
Address 
Bus Controller 
(82309) POS decode. 
This is simply the PD input gated by an active 
lOW # signal, and insures that the 82309 does 
not see a decoding 
glitch. 


P101RD#, 
P103RD#, 
57,56, 
0 
Various system board setup port read/write 
P103WR# 
55 
strobes. 


CDSU#[1:8) 
67-74 
0 
Card setup signals to the Microchannel 
slots. 


CDEN# 
79 
I 
Port 100-1 07H decode 
used as qualifier for card 
setup signals. 


PORTRST 
75 
0 
Microchannel 
reset signal. The "OR" 
of the 
power-up 
reset and the reset function 
built into 
Port 96H. 


M60STR# 
83 
I 
Model 60 strap. When low, the 82303 will drive 
Port 96H data in either a Port 96 or 97H read. 
(This is in keeping with the Model 50/60 
definition.) 
When high, the 82303 will remain tri- 
stated during a Port 97H read. 


CDSUWR 
80 
I 
Port 96-97H 
write strobe. 


CDSURD# 
. 81 
I 
Port 96-97H 
read strobe. 


STROBE, 
AUTOFC, 
59,64, 
0 
Parallel port control 
outputs. These signals are 
SLCTIN, 
INIT 
63,60 
externally 
buffered 
with open collector 
inverters 
before driving the parallel port connector. 


STROBE#,AUTOFC#, 
84,87, 
I 
Parallel port control 
inputs. 
SLCTIN#,INIT# 
66,85 


IRQ7# 
51 
0 
Parallel port interrupt 
request. 


ACK#, 
ERROR#, 
BUSY, 
43,41,47, 
I 
Parallel port status inputs. 
PE,SLCT 
42,40 


ENEXPP 
44 
I 
Enable parallel port extended 
mode. Allows 
parallel port to operate 
bi-directionally. 


PPSEL# 
45 
I 
Parallel port chip select. 


PPDREN# 
52 
0 
Enables the external 
'652 parallel port data 
buffer to be used bi-directionally. 
This signal is a 
function 
of the Control 
port direction 
bit (bit 5) 
and the ENEXPP input. 


PPDWR#, 
PPRD# 
54,53 
0 
Parallel port data buffer write/read 
strobes. 


VDD 
13,61,99 
Power. 


Vss 
26,50,62, 
Ground. 
89, 100 


N.C. 
28,29,76, 
No Connect. 


77, 78 


inter 


XA16 
XA17 
XA18 
XA19 
XA20 
XA21 
'XA22 
XA203 
AO 
A1 
A2 
Al0 
VOO 
XDO 
XDl 
XD2 
XDo3 
XD4 
XD5 
XD6 
XD7 
All 
A12 
A103 
AU 


NOTE: 
1. N.C. pins must be left not connected. 


PORTRST 
CDSU8# 
CDSU7# 
CDSU6# 
CDSU5# 
CDSU4# 
CDSUo3# 
CDSU2# 
CDSU1# 
LMIO# 
LVGAMS# 
AUTOFC 
SLCTIN 
VSS 
VOO 
INIT 
STROBE 
ABCPD 
P101RD# 
P1003RD# 
P1003WR# 
PPDWR# 
PPDRD# 
PPDREN# 
IR07# 


inter 


82303 PARAMETRICS 
ABSOLUTE 
MAXIMUM 
RATINGS* 


NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice . 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 
These are stress ratings only. Operation 
beyond 
the 


"Operating 
Conditions" 
is not recommended 
and ex- 


tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


Case Temperature 
Under Bias 
- 40°C to + 85°C 
Storage Temperature 
- 65°C to + 150°C 
Voltage 
to any Pin 
with Respect to Ground 
- 0.3V to + (VCC + 0.3)V 
DC Supply Voltage 
(Vccl 
-0.3V 
to + 7.0V 
DC Input Current 
± 10 mA 


Symbol 
Parameter 
Min 
Max 
Units 
Notes 


VIL 
Input Low Voltage 
0.8 
V 


VIH 
Input High Voltage 
2.0 
V 


VOL 
Output Low Voltage 
0.4 
V 
IOL = 4 mA (Note 1) 


VOH 
Output High Voltage 
2.4 
V 
IOH = 4 mA (Note 1) 


VOL 
Output Low Voltage 
0.4 
V 
IOL = 2 mA (Note 2) 


VOH 
Output High Voltage 
2.4 
V 
IOH = 2 mA (Note 2) 


ICC 
Power Supply Current 
180 
mA 
No DC Loads 


III 
Input Leakage Current 
±10 
/LA 
VSS < VIN < VCC 


IOZ 
TRI-STATE 
Output Leakage Current 
±10 
/LA 
VSS < VOUT < VCC 


• NOTES: 
1. CDSU# [1:8], XA [0:2, 10:23], XD[O:7]. 
2. All outputs other than those listed in Note 1. 


Symbol 
Parameter 
Min 
Max 
CL (pF) 
Notes 


T1 
PWRUP#, 
Pulse Width 
500 


T2 
IOR#, 
IOW#, 
CDSURD#, 
CDSUWR 
Pulse Width 
170 


T3 
Write Data Setup 
25 
(Note 1) 


T4 
Write Data Hold 
10 
(Note 2) 


T5 
Read Data Valid Delay 
60 
100 
(Note 3) 


T6 
Read Data Float Delay 
40 
100 
(Note 5) 


T7 
Status Inputs to XD[0:7] 
35 
100 
(Note 6) 


T8 
Write Strobe Delays 
35 
50 
(Note 7) 


T9 
Read Strobe Delays 
40 
50 
(Note 8) 


Tl1 
PPSEL #, PO Setup to lOR #, lOW # J, 
20 


T12 
PPSEL #, PO Hold from lOR #, lOW # i 
5 


T13 
XA[0:2, 
10:23] DLY from ADL # J, 
35 
100 


T14 
A[0:2, 
10:23], VGAMS#, 
MIO# 
SetuptoADL# 
i 
30 


T17 
CDSU# 
[1:8] DelayfromCDEN# 
28 
75 


T18 
lOR # i to ADL# J, 
30 


T19 
LVGAMS #, LMIO # Delay from ADL # J, 
35 
50 


NOTES: 
1. To IOW# or CDSUWR active, whichever is appropriate. 
2. From IOW# or CDSUWR inactive, whichever is appropriate. 
3. From IOR# or CDSURD# active, whichever is appropriate. 
5. From IOR# or CDSURD# inactive, whichever is appropriate. 
6. Parallel port status inputs include SLCT, PE, BUSY, ERROR#, and ACK#. 
7. Write strobes include P103WR# and PPDWR#. 
8. Read strobes include P103RD#, P101RD#, and PPDRD#. 


1-530 
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INPUTTO 


INPUTS 
~:D~~~Ta========~: 


OUTPUTS 
1.5V 
-------- 
----- 


INPUT SETUP 
AND HOLD TO 
ANOTHERINPUT 


NOTE: 
Input Waveforms 
have TR ,; 2.0 ns from 0.8V to 2.0V. 


UCHANNELA~~~ zzzt:==_n_4i 
XlZZZZZZZZZZZZZZZZZZZZZZZZZZ 


STATUS---, 
~--------------------- 


ADL# 
L..J--------------------- 
I 
T2 


XA[O:2,10:23) 
LVGAMS#,LMIO# 
""""••••••••.•••••••••• 
"'_ 
_ 


Ct,jD# 


~ 
IOR# 


ADL# 
L",J 


290184-8 


b 


290184-9 


XD[O:7) 


(PARALLEL 
STATUS 
PORT RD) 
_ 


NOTE: 
T7 is the flow through 
propagation 
delay, and thus assumes 
T5A, is not the limiting 
parameter. 


CDEN# ZWZX 
XlZZZZ//////OO/Z////// 
i-=Tl~. 


CDSU#[1:8) VVZ7l/7'X================XlZ7I7/IlIlOWZW 


APPENDIX 
82303 INTERNAL 
LOGIC DIAGRAMS 


These logic diagrams 
are provided 
to aid in understanding 
the basic functionality 
of the 82303, and should not 
be used to estimate 
signal loading, 
propagation 
delays, 
or any other timing behavior. 


The clocked 
latches 
in the diagrams 
are functionally 
equivalent 
to 7474 type TTL latches. 
The transparent 
latches 
are equivalent 
to 74373 
type TTL latches 
except 
that the gate input is active 
low rather than active 
high. 
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Address 
Latch 
Transparent 
Latch 
x 19 


LATCH 


A[20:23) 
0[16:19) 
XA[20:23) 
0[16:19) 


015 
015 
t.lIO# 
Lt.lIO# 


014 
014 
VGAt.lS# 
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0[4:13) 


A[O:2) 
0[1:3) 
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0[1:3) 


AOL# 
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82304 
LOCAL I/O SUPPORT CHIP 


• 
Integrates 
Programmable 
Timer 
Counters 
0, 2 and 3 


• 
Supports 
VGA Controller 
on the Local 
Channel 


• 
Integrates 
the OS/2 
Optimized 
HOT 
A20 and HOT RESET Functions 


• 
Integrates 
Variety 
of System 
Status/ 
Control 
Ports and Functions 


• 
Low Power CHMOS Technology/132- 
Pin PQFP Package 


The 82304 Local Channel 
Support 
Chip, along with its companion 
chip (the 82303) and the 82077 Floppy Disk 


Controller, 
significantly 
reduce 
system 
cost, 
design 
effort, 
and form 
factor 
constraints 
by replacing 
50 IC 
devices 
in an equivalent 
IBM system. 


• 
High-Integration- 
The 82304, 82303 and 
82077 Floppy Disk Controller 
Replace 
50 IC's in IBM Design 


• 
Supports 
I/O Peripherals 
... 
Keyboard/ 
Mouse Controller, 
Serial/Parallel 
Ports, 
Configuration 
RAM, and Real Time 
Clock 


• 
Integrates 
Two 8259 PIC's and All 
Associated 
Logic 


The 82304 
integrates 
logic to support 
local bus I/O peripherals 
and the VGA Controller. 
Also integrated 
are 
three 
programmable 
timer/counters, 
two 
"8259-like" 
programmable 
interrupt 
controllers, 
and 
a variety 
of 
system 
status/control 
ports and functions. 
Integrated 
along with the 8259 PIC's is all logic required 
to make 
the PIC's Microchannel 
architecture 
compatible. 


A[0:9] 


XA[3:9] 
cwo, 


AIll, 


51' 


IORI 


lOW' 


XO[O,9] 


LS', 


LEBA' 


o£BA' 


LBEH, 


FaR,"" 


vc"n, 


lCCS, 


CHROY 


OSKSTAT 


RrRSH, 


CHCK, 


PCHCK, 


NYI, 


KYBDA.20 


KYBORC, 
Re, 


A20GATE 


'0 


'ICCS, 


INTA' 


IRON' 
[3:7,9:12,1.4:15) 
IROI' 


RTCINT, 


INTR 


RAWD[O:7] 


RAWROI 


RAWWR, 


IVoWA(O:12] 


RTCALE 


RTeRo, 


RTCWR, 


PPSEL, 


EN£XPP 


SPINEi'll 


SPIN 


OOSTRI 


OISTR, 


IRQ!, 


IRQ., 


KY.O 


MOUSE 


KYBDCS, 


lR012 
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The 82304 
is a high integration 
device 
intended 
for 
Microchannel 
compatible 
system 
designs. 
It essen- 
tially 
integrates 
the 
82306 
Local 
Channel 
Support 
chip, two 8259 Programmable 
Interrupt 
Controllers, 
and a wide assortment 
of TTL circuitry. 
The 82304, 
in conjunction 
with its sister chip the 82303 and the 
82077 
Floppy 
Disk 
Controller, 
replaces 
approxi- 
mately 
50 IC devices 
in an equivalent 
IBM system. 
Included 
as an appendix 
to this data sheet is a func- 
tional 
logic diagram 
of the 82304 
that should 
facili- 
tate understanding 
of the part. Note that the 82304, 
82303 and 82077 integrate 
a variety of system ports. 
For programming 
and register 
level details, 
please 
refer to the IBM Technical 
Reference 
Manual, 82077 
data sheet, and 8259A 
data sheet. 


The 
Bus 
Interface 
and 
Control 
unit interfaces 
the 
82304 to the Microchannel 
and peripheral 
busses. 
It 
inputs the unlatched 
Microchannel 
address, 
latches 
it for internal 
use, and 
makes 
the 
latched 
version 
available 
externally 
for other peripheral 
bus resourc- 
es. It also 
provides 
signals 
to control 
an external 
74F543 
latching 
data transceiver 
that sits between 
the Microchannel 
and peripheral 
data busses. 
The 
bus interface 
unit also 
provides 
functions 
such 
as 
cycle extension 
on behalf of slower peripherals, 
and 
support 
of the 
Microchannel 
architecture's 
system 
feedback 
function. 


The 82304 
integrates 
the timers 
required 
for multi- 
task time slice interrupt 
(timer 0), audio tone genera- 
tion 
(timer 
2), and 
"watch-dog"· 
function 
(timer 
3). 


These timers are accessed 
via ports 40, 42, 43, 44, 
and 47H. 


The 82304 
provides 
the decode 
signal 
required 
by 
the 82077 
Floppy 
Disk Controller. 
The decode 
ad- 
dresses 
ports 3FO-3F7H. 
The 82304 also inputs the 
82077's 
DMA acknowledge 
in support 
of the system 
feedback 
function. 


The 82304 supports 
the VGA setup and enable/dis- 
able functions. 
Specifically, 
bit 5 of integrated 
port 


94H is used to put the VGA 
into setup 
mode, 
and 
this 
mode 
is reflected 
to the VGA 
on the 82304's 
VGASU # pin. Also, 
the 
82304 
integrates 
bit 0 of 
port 3C3H, which is used to enable/disable 
the sys- 
tem 
board 
VGA 
subsystem 
as 
indicated 
by 
the 
82304's 
VGAEN 
output. 


The 82304 
provides 
decoded 
read/write 
strobes 
for 
ports 96-97H. 
Port 96H is the card setup port, which 
is integrated 
on the 82303 chip. Port 97H is currently 
•• 
reserved 
by IBM. 


The 82304 integrates 
two 8259 Programmable 
Inter- 
rupt Controllers, 
and all additional 
logic required 
to 
make these interrupt 
controllers 
Microchannel 
archi- 
tecture 
compatible. 
Specifically, 
the 
Microchannel 
definition 
requires 
that interrupts 
be active 
low and 
level sensitive. 
This allows a wire-OR 
system 
imple- 
mentation. 
Integrated 
logic includes 
inverters 
for in- 
coming 
interrupts, 
as the 8259 treats 
level sensitive 
interrupts 
as active high. Additionally, 
logic to inhibit 
the 
8259's 
from 
being 
programmed 
in edge-trig- 
gered mode is integrated. 


REAL TIME CLOCK AND 
CONFIGURATION 
RAM SUPPORT 


The 82304 integrates 
all logic required to support 
an 
external 
battery 
backed 
up real time clock 
chip and 
static RAM. Note that while the IBM implementation 
supports 
a 2K RAM, the 82304 
makes 
provision 
to 
support 
either a 2K or 8K RAM. The real time clock 
is accessed 
via ports 70-71 
H, while the RAM is ac- 
cessed 
via ports 
74-76H. 
(RAM 
data 
is accessed 
via port 76H, while ports 74H and 75H serve as an 
indirect 
address 
latch for the RAM.) The 82304 also 
integrates 
the 
logic 
required 
to enforce 
the 
Micro- 
channel 
architecture's 
password 
security 
function. 
Specifically, 
writes 
to port 70H are monitored. 
If a 
write to 70H is attempting 
to access offsets 
38-3FH 
in the reaUime 
clock chip's on board RAM, and if the 
security bit in 92H indicates 
that these offsets 
are off 
limits, then no address 
latch 
signal 
is generated 
to 
the real time clock chip. 


SERIAL 
AND PARALLEL 
PORT 
SUPPORT 


The 82304 
provides 
various 
functions 
in support 
of 
an external 
serial port chip (the 16550A), 
and a par- 
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aile I port (integrated 
on the 82303 chip). The 82304 
provides 
decoded 
read/writes 
strobes 
for the serial 
port chip, as well as converting 
a serial port interrupt 
into either IRQ3 # or IRQ4 # , depending 
on whether 
the serial port is configured 
as COMM1 
or COMM2. 
When 
configured 
as COMM1, 
the serial port is de- 
coded 
at ports 3F8-3FFH. 
As COMM2, 
the port is 
decoded 
from 2F8-2FFH. 
Configuration 
is done via 
the integrated 
system 
setup port 102H. 


The 82304 generates 
a parallel port chip select that 
maps to LPT1, 
LPT2, or LPT3, depending 
on how 
system 
setup 
port 
102H is programmed. 
As LPT1, 
the parallel 
port is decoded 
at ports 3BC, 3BD, 3BE, 
and 3BFH. 
LPT2 maps to ports 378, 379, 37A, and 
37BH. LPT3 maps to 278, 279, 27 A, and 27BH. The 
82304 also generates 
a signal that indicates 
wheth- 
er the parallel 
port is to operate 
in its normal output- 
only 
mode, 
or its "extended" 
bi-directional 
mode. 


The mode is selected 
via system 
setup port 102H. 


The 82307 
DMA Controller, 
in response 
to a soft- 
ware command, 
issues a pulse to reset the 80387 or 
80387SX 
Numeric 
Coprocessor. 
The 82304 
inputs 
this pulse 
and effectively 
stretches 
it out to insure 
that the 80387 
reset 
input pulse 
is long enough 
to 
meet its internal 
reset requirements. 
(Note that the 
80387 
reset pulse out of the 82304 
must be exter- 
nally synchronized 
to the 80387 clock so as to con- 
vey the system phase to the 80387.) The 82304 also 


manipulates 
CHRDY 
to extend 
the 
bus cycle 
that 
initiates 
the reset so as to tie up the CPU until the 
80387's 
reset 
and 
initialization 
requirements 
are 
met. 


The 82304 
provides 
a chip select 
for the 8742 Key- 
board Controller. 
This decode 
maps to ports 60 and 
64H. The 82304 also integrates 
the logic required 
to 
both 
latch 
and 
subsequently 
clear 
keyboard 
and 
mouse 
interrupts. 


SYSTEM 
STATUS 
AND CONTROL 
FUNCTIONS 


The 82304 integrates 
a variety of system 
status and 
control 
functions 
and ports. Integrated 
ports include: 


Port 61 H 
System 
Control 
Port B 


Port 92H 
System 
Control 
Port A 


Port 91 H 
Card Selected 
Feedback 
Register 


Port 94H 
System 
Board Setup Port 


Port 102H System 
Board POS Port 


Port 70H 
NMI Enable (Write Only) 


The 
functions 
and 
register 
level 
details 
of 
these 
ports are documented 
in the 
IBM Technical 
Refer- 
ence. 


Symbol 
Pin 
Type 
Description 
No. 


SCLK 
50 
I 
INPUT CLOCK: Tied to same clock as host CPU. 


RESET 
64 
I 
SYNCHRONIZED 
POWER-UP 
RESET: Resets 82304 and 
synchronizes 
internal clock to system phase. 


A[0:9] 
85-81, 
I 
MICROCHANNEL 
ADDRESS: 
Address 
Lines are internally 
78-74 
latched. 


XA[3:9] 
73-67 
0 
PERIPHERAL 
BUS ADDRESS: 
These are latched versions 
of 
the Microchannel 
address. 


CMD# 
97 
I 
MICROCHANNEL 
CMD# 
INPUT 


ADL# 
100 
I 
MICROCHANNEL 
ADL# 
INPUT 


S1# 
1 
I 
MICROCHANNEL 
S1 # INPUT 
--:c 


10R#,IOW# 
96,95 
I 
82304 READ AND WRITE STROBES 


XD[0:7] 
94-90, 
I/O 
BI-DIRECTIONAL 
DATA BUS 
88-86 


LS1 # 
131 
0 
LATCHED 
VERSION 
OF MICROCHANNEL 
S1 # INPUT 


LEBA#, 
130, 
0 
EXTERNAL 
74543 DATA BUFFER CONTROL 
SIGNALS: 
OEBA# 
129 
These signals control 
data timing on the peripheral 
data bus. 


LBEN# 
52 
0 
LOCAL (PERIPHERAL) 
BUS ENABLE: The 82304 generates 
this in response 
to address decodes 
of peripheral 
bus ports. It 
is typically 
"OR"ed 
with other system qualifiers to enable the 
peripheral 
bus data buffer. 


Signal 
Pin 
1/0 
Description 
Name 
No. 


FBRTN 
41 
I 
SYSTEM 
FEEDBACK: 
This input receives 
the OR of the system 
feedback 
signals of the Microchannel 
\>Iots. It is internally 
latched 
and "OR"ed 
with other feedback 
sources, 
and the result made 
available via a Port 91 H read (Bit 0). 


VGAFB# 
42 
I 
VGA FEEDBACK. 


LCCS# 
37 
I 
LOCAL CHANNEL 
CHIP SELECT: Activated 
for the I/O address 
range 0-3FFH 
(CPU or DMA master) or 100-3FFH 
(Microchannel 
Master). LCCS# 
is internally 
latched. 


CHRDY 
5 
0 
CHANNEL 
READY: The 82304 deasserts 
CHRDY to extend 
accesses 
to certain peripheral 
bus resources, 
specifically 
the 
keyboard 
controller, 
real time clock and serial port. Also, CHRDY is 
used to tie up the CPU during numeric coprocessor 
resets. 


TMRCLK 
45 
I 
1.193 MHz CLOCK INPUT: Drives clock inputs of system timers 0 
and 2. 


AUDIO 
128 
0 
OUTPUT 
OF SYSTEM TIMER 2 GATED BY BIT 1 OF PORT 61H: It 
drives the Microchannel 
audio sum node. 


FCS# 
46 
0 
FLOPPY DISK CONTROLLER 
(82077) 
CHIP SELECT: Responds 
to I/O range 3FO-3F7H. 


FDACK# 
49 
I 
FLOPPY DISK CONTROL 
DMA ACKNOWLEDGE: 
Internally 
latched and "OR"ed 
with other system feedback 
sources. 


VGASU# 
44 
0 
VGA SETUP: Puts the VGA into setup mode when active, according 
to Bit 5 of Port 94H. 


VGAEN 
43 
0 
VGA ENABLE: Enables/Disables 
motherboard 
VGA according 
to 
Bit 0 of Port 3C3H. 


CDSUWR 
126 
0 
CARD SETUP WRITE STROBE: Active High command 
generated 
during writes to Port 96-97H. 


CDSURD# 
125 
0 
CARD SETUP READ STROBE: Active low command 
generated 
during reads from Port 96-97H. 


DSKSTAT 
127 
0 
FIXED DISK STATUS: Controls 
the fixed disk activity light. It is 
active when either Bit 6 or Bit 7 of Port 92H is set. 


RFRSH# 
51 
I 
REFRESH 
CYCLE INDICATOR: 
Diagnostics 
can monitor refresh 
activity via Bit 4 of Port 61 H. 


CHCK# 
54 
I 
MICROCHANNEL 
CHECK INDICATOR: 
Used to report adapter 
errors. 


PCHCK# 
55 
I 
DRAM PARITY 
ERROR: Driven in response 
to motherboard 
memory parity errors. 


NMI# 
53 
0 
NON-MASKABLE 
INTERRUPT 
REQUEST 
TO CPU: This acts as 
an open drain output that allows for an external wire "OR" 
with other 
NMI sources. 


KYBDA20 
60 
I 
A20 GATE SIGNAL OUT OF THE KEYBOARD 
CONTROLLER: 
Internally 
"OR"ed 
with the alternate 
A20 switch incorporated 
in Bit 1 
of Port 92H. 


KYBDRC# 
58 
I 
CPU RESET SIGNAL OUT OF THE KEYBOARD 
CONTROLLER: 
It 
is internally 
"OR"ed 
with the alternate 
reset function 
of Bit 0 of Port 
92H. 


RC# 
59 
0 
RESET CPU: Resets CPU via Port 92H (Bit 0) or the KYBDRC# 
input. 


A20GATE 
57 
0 
A20 GATE SIGNAL: The "OR" 
of Bit 1 of Port 92H and the 
KYBDA20 
input. 


• 


Signal 
Pin 
I/O 
Description 
Name 
No. 


PO 
61 
0 
POS DECODE: An active high decode 
of system board setup 
ports 100, 101, 103-1 07H. (Port 102H is integrated 
on the 
82304.) 


PICCS# 
101 
I 
CHIP SELECT 
FOR THE INTEGRATED 
8259 
PROGRAMMABLE 
INTERRUPT 
CONTROLLERS 
(PIC) 


INTA# 
56 
I 
INTERRUPT 
ACKNOWLEDGE: 
Generated 
by the bus 
controller 
during interrupt 
acknowledge 
cycles. 


IRQM# 
102-110, 
I 
MICROCHANNEL 
INTERRUPT 
INPUTS. 
[3:7,9:12,14:15] 
112-113 


IRQ13 
111 
I 
INTERRUPT 
INPUT USED TO REPORT 
NUMERIC 
COPROCESSOR 
ERRORS. 


RTCINT# 
114 
I 
INTERRUPT 
INPUT FROM REAL TIME CLOCK. 


INTR 
115 
0 
MASKABLE 
INTERRUPT 
REQUEST 
TO CPU. 


RAMO[O:7] 
22-25, 
I/O 
REAL TIME CLOCK AND CONFIGURATION 
RAM DATA 


, 
28-31 
BUS. 


RAMRO#, 
32,33 
0 
READ/WRITE 
STROBES 
TO CONFIGURATION 
RAM: 
RAMWR# 
Generated 
during accesses 
to Port 76H. 


RAMA[O:12] 
6-11, 
0 
CONFIGURATION 
RAM ADDRESS 
BUS: Internal RAM 
14-20 
address latches are written to via Ports 74- 75H. 


RTCALE 
38 
0 
REAL TIME CLOCK ADDRESS 
LATCH ENABLE. 


RTCRO#, 
39,40 
0 
REAL TIME CLOCK READ/WRITE 
STROBES. 
RTCWR# 


PPSEL# 
123 
0 
PARALLEL 
PORT CHIP SELECT: Maps to LPT1, LPT2, or 
LPT3 as controlled 
by Bits 5 and 6 of system board setup Port 
102H. 


ENEXPP 
124 
0 
PARALLEL 
PORT EXTENDED 
MODE ENABLE: This mode is 
controlled 
via bit 7 of system board setup Port 102H. 


SPINEN# 
63 
I 
SERIAL 
PORT INTERRUPT 
ENABLE. 


SPIN 
62 
I 
SERIAL PORT INTERRUPT. 


IRQ3#, 
119, 118 
0 
SERIAL PORT INTERRUPT: 
Configured 
to either COMM1 
IRQ4# 
(IRQ4#) 
or COMM2 
(IRQ3#). 
Selection 
is done via Bit 3 of 
system board setup Port 102H. 


OOSTR#, 
122,121 
0 
WRITE/READ 
STROBES 
FOR SERIAL 
PORT. 
OISTR# 


NPCLK 
3 
I 
CLOCK FOR NUMERIC 
PROCESSOR 
RESET PULSE 
STRETCHER. 
. 


NPRST 
2 
I 
NUMERIC 
PROCESSOR 
RESET REQUEST 
INPUT 


NPCNT 
4 
0 
NUMERIC 
PROCESSOR 
COUNT: Numeric processor 
reset 
signal typically synchronized 
externally 
and fed to 80387 or 
80387SX. 


KYBO 
36 
I 
INTERRUPT 
REQUEST 
INPUT FROM KEYBOARD 
CONTROLLER: 
It is internally 
latched, and then subsequently 
cleared 
by a keyboard 
controller 
read. 


inter 


Signal 
Pin 
110 
Description 
Name 
No. 


MOUSE 
34 
I 
INTERRUPT 
REQUEST 
INPUT FROM KEYBOARD 


CONTROLLER'S 
MOUSE PORT: It is internally 
latched and 
subsequently 
cleared 
by a keyboard 
controller 
read. 


KYBDCS# 
120 
0 
KEYBOARD 
CONTROLLER 
CHIP SELECT. 


IRQ12 
35 
0 
LATCHED 
VERSION 
OF MOUSE INPUT INTERRUPT 


REQUEST. 


Voo 
12,21,26,47, 
POWER. 
79,98,116 


Vss 
13,27,48, 80, 
GROUND. 
89,99,117 


NC 
65,132 
NO CONNECT. 


RSVD 
66 
RESERVED. 


51# 


NPRST 


NPCLK 


NPCNT 
CHRor 
RAUAO 


RAWAl 


RAWA2 
RAMA3 
RAM"'" 
RAWAS 
Voo 
Vss 


RAWA6 
RAWA7 


RAWA8 
RAWA9 


RAWA10 


RAWA11 


RAWA12 
Voo 
RAWDO 
RAll101 


RAW02 


RAW03 
Voo 
Vss 


RAWO' 
RAWOS 


RAW06 


RAW07 


RAWRO# 


RAWWR# 


NOTES: 
1. N.C. pins must be left not connected. 
2. This pin is reserved 
... 
must be tied to ground 
in system. 


NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice . 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause permanent 
damage. 


These are stress ratings 
only. Operation 
beyond 
the 
"Operating 
Conditions" 
is not recommended 
and ex- 
tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


Absolute 
Maximum 
Ratings* 


Case Temperature 
Under Bias 
- 40°C to + 85°C 
Storage Temperature 
-65°C 
to + 150°C 


Voltage 
to any Pin with 
Respect to Ground 
- 0.3V to + (Vee + 0.3)V 


DC Supply Voltage 
(Veel 
- 0.3V to + 7.0V 


DC Input Current 
± 10 mA 


Symbol 
Parameter 
Min 
Max 
Units 
Notes 


VIL 
Input Low Voltage 
0.8 
V 


VIH 
Input High Voltage 
2.0 
V 


VIL 
Input Low Voltage 
0.8 
V 
SCLK 


VIH 
Input High Voltage 
Vee-0.8 
V 
SCLK 


VOL 
Output Low Voltage 
0.4 
V 
IOL = 4 mA (Note 1) 


VOH 
Output High Voltage 
2.4 
V 
IOH = 4 mA (Note 1) 


VOL 
Output Low Voltage 
0.4 
V 
IOL = 2 mA (Note 2) 


VOH 
Output High Voltage 
2.4 
V 
IOH = 2 mA (Note 2) 


Ice 
Power Supply Current 
180 
mA 
No DC Loads 


III 
Input Leakage Current 
±10 
/LA 
VSS < VIN < Vee 


loz 
TR I-STATE Output Leakage Current 
±10 
/LA 
VSS < VOUT < Vee 


NOTES: 
1. DSKSTAT. XA[3:9], XD[O:7]. 
2. All outputs other than those listed in Note 1. 


Symbol 
Parameter 
KIT-16 
KIT-20 
KIT-25 
CL 
Notes 
Min 
Max 
Min 
Max 
Min 
Max 
(pF) 


T1 
SCLK Period 
31.25 
25 
20 


T2A 
SCLK High/Low 
Time 
12 
10 
8 


T2B 
SCLK High/Low 
Time 
8 
6.5 
6 


T3 
Reset Setup 
10 
10 
10 


T4 
Reset Hold 
3 
3 
3 


Ts 
Reset Pulse Width 
500 
500 
500 


T6 
RC# 
Pulse Width 
75 
150 
75 
150 
75 
150 
50 


T7 
TMRCLK 
High/Low 
Time 
300 
300 
300 


Te 
PICCS#. 
FDACK# 
Setup 
30 
30 
30 


T9 
PICCS #. FDACK # Hold 
0 
0 
0 


TlO 
IOR#, 
IOW#, 
INTA# 
200 
170 
170 
Pulse Width 


inter 


Symbol 
Parameter 
KIT-16 
KIT·20 
KIT-25 
CL 
Notes 
Min 
Max 
Min 
Max 
Min 
Max 
(pF) 


Tn 
Write Data Setup 
25 
25 
25 


T12 
Write Data Hold 
20 
20 
20 


T13 
Read Data Valid Delay 
0 
90 
0 
90 
0 
90 
100 


T14 
Read Data Float Delay 
0 
0 
0 
100 


T15 
RAMD[0:7) 
to XD[0:7) 
Delay 
36 
36 
36 
100 


T17 
CHRDY Delay 
0 
80 
0 
80 
0 
80 
25 


T16 
CHRDY Inactive 
Pulse Width 
280 
280 
230 
25 
5 


T19 
Address 
Decode 
Delays from 
0 
62 
0 
62 
0 
62 
50 
1 
ADL# 
.J.. 


T20A 
Write Strobe Delays from 
0 
40 
0 
40 
0 
40 
50 
2 
IOW#.J.. 


T20B 
CDSUWR, 
DOSTR # Delays 
0 
35 
0 
35 
0 
35 
50 
from IOW# i 


T20C 
RTCWR #. RAMWR # Delay 
0 
33 
0 
33 
0 
33 
50 
6 
from CMD# i 


T21A,B 
Read Strobe Delays 
0 
40 
0 
40 
0 
40 
50 
3 


T22 
RTCALE 
Min Pulse Width 
120 
120 
110 
50 
3 


T23 
XA[3:9) 
Delay from ADL# 
.J.. 
35 
35 
35 
100 
5 


T24 
S1 #, LCCS#. 
A[0:9) 
Setup 
30 
30 
30 
toADL# i 


T25 
FBRTN Setup to CMD# 
.J.. 
15 
15 
15 


T26 
VGAFB# 
Setup to CMD# i 
15 
15 
15 


T27 
LEBA# 
Delay from CMD# 
26 
26 
26 
25 


T26 
OEBA# 
Delay from CMD# 
.J.. 
30 
30 
30 
25 


T30 
CHRDY .J..Delay 
38 
38 
38 
25 
4 


T31 
NPCNT i Delay 
128 NPCLKS 
128 NPCLKS 
128 NPCLKS 
50 
5 


T32 
CHRDY i Delay 
192 NPCLKS 
192 NPCLKS 
192 NPCLKS 
25 
5 


T33 
NPCLK High/Low 
Time 
12 
12 
12 


T34 
LS 1# Delay from ADL # .J.. 
35 
35 
35 
50 


NOTES: 
1. Address decodes include FCS#, PPSEL#, KYBDCS#, PD and LBEN#. 
2. Write strobes include RTCWR#, CDSUWR#, DOSTR#, and RAMWR# . 
3. Read strobes include RTCRD#, CDSURD#, DISTR# and RAMRD#. 
4. From later or NPRSTi or CMD# !. 
5. Functional Specification ... Not tested. 
6. CMD# i 
causes RTCWR# i 
and RAMWR# i, while IOW# i causes RAMD[0:7] to float. The 62304 insures that 
CMD#-to-RAMWR#/RTCWR# 
is at least 5 ns faster than IOW# to RAMD[0:7] float, assuming loading on RAMD[0:7] is 
greater than or equal to loading on RAMWR# or RTCWR#. This provides a minimum of 5 ns data hold time for the real 
time clock and SRAM, assuming CMD# and IOW# reach the 62304 at the same instant. Typically, more than 5 ns is 
provided, since IOW# is generated from, and thus delayed from CMD#. 
7. Specification applies to software reset generated via port 92H. 
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APPENDIX 
82304 Internal Logic Diagrams 


These logic diagrams 
are provided 
to aid in understanding 
the basic functionality 
of the 82304, and should not 
be used to estimate 
signal loading, 
propagation 
delays, 
or any other timing behavior. 


The clocked 
latches 
in the diagrams 
are functionally 
equivalent 
to 7474 type TTL latches. 
The transparent 


latches 
are equivalent 
to 74373 type TTL latches 
except 
that the gate input is active 
low rather than active 
high. The signals marked with asterisks 
(*) are not actually available 
external to the 82304, but simply serve as 
page-to-page 
references. 
Note however, 
that the XA[O:9] internal 
address 
bus is not marked with an asterisk. 


Only XA[3:9] 
are available 
externally, 
while XA[O:2] 
are not. 
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82307 
DMA/Micro 
Channel ARBITRATION 
CONTROLLER 


• 
8 Channel 
DMA Controller 
(8/16-Bit) 


• 
Integrated 
Central 
Arbitration 
Control 
Point 


• 
Refresh 
Address 
Generation/Cycling 


• 
Numerics 
Co-processor 
Interface 


• 
Address 
Decoding 
- 
Numeric Coprocessor 
-Interrupt 
Controller 
- 
POS Address 
Space for Expansion 
Slots 


• 
Low Power CHMOS Technology 


• 
132-Pin Plastic Quad Flat Pack 
Packaging 


(See Packaging 
Spec., 
Order 
# 231369) 


The 82307 DMAIMicro 
Channel 
Arbitration 
Controller 
is a register level implementation 
of the equivalent 
VLSI 
device 
in IBM Micro Channel 
systems. 
The Central 
Arbitration 
Control 
Point (CACP) as defined 
in the Micro 
Channel 
Architecture 
for bus arbitration 
is integrated 
in this VLSI device. 


The 82307 also integrates 
the Address 
decoder 
logic for generating 
decodes 
for numeric 
coprocessor, 
Inter- 
rupt controllers 
and POS address 
space. 


A(16:23) 
HOLD 


HLDA 
A(0:15) 
fORO 


EIGHT CHANNEL 
fOACK# 
0(0:15) 


DMA CONTROLLER 
DENSEL 
BHE# 
BUS 
TC# 
PM/IO 
INTERfACE 
UNIT 
REfRESH# 


SO, 
RfRO# 


SI# 


USO' 


US1# 
LBEN# 


UCMD1# 
BUS CONTROL LOGIC 
CDEN, 
UCMD2# 
PBA, 


NPCS# 


NPRESET 


NPERR# 
NUMERICS 
OARB(0:3) 


NPBUSY# 
INTERfACE 


PBUSY# 
CENTRAL ARBITRATION 
ARB(0:3) 


IR013 
CONTROL POINT 
OPMT# 


PREEMPT' 


RESET 
(CACP) 
ARB/GNT# 


NMI# 
CPU 
BSTO# 
CONTROL 
PRDYI# 
BURST# 


TO# 


59CS# 
DMA# 
8259 
INTR 
PIC 


INTA# 
CONTROL 


290186-1 


The 82307 
features 
eight 8/16-bit 
channels, 
24-bit 
addressing 
capability, 
and 
operates 
in 
two-cycle 
transfer 
mode as defined 
in the Micro Channel 
archi- 
tecture. 
The DMA controller 
owns the bus for both 
halves of the transfer 
cycle. 


The 
DMA function 
in the 82307 
also supports 
the 
motherboard 
Floppy Disk Controller. 
Upon receiving 
the DMA request 
from the FDC, the DMA controller 
arbitrates 
for the Micro Channel 
bus on behalf of the 
FDC. The 
FDC is acknowledged 
once 
the 
bus is 
granted 
to initiate the data transfer. 


The other major function 
of the 82307 DMA control- 
ler is to provide 
Micro 
Channel 
Arbitration. 
It pro- 
vides full Micro Channel 
bus arbitration 
capability 
ac- 
cording 
to the 18-level 
priority 
scheme. 
During nor- 
mal operation 
priority 0-15 
are assigned 
with 15 be- 


ing the lowest 
priority for the CPU. Priority level 
-1 
which has the higher priority than 0 is also assigned 
to CPU (switched 
from 
15 to 
-1) 
during 
NMI error 
recovery. 
The highest priority 
- 2 is used for refresh. 


The 
bus 
arbitration 
priority 
is 
asserted 
via 
the 
ARBO-ARB3 
signals 
by the requesting 
masters 
to 
gain control. 
Bus granting 
is assigned 
by the priority 
level. 
During an arbitration 
cycle 
no Micro Channel 
master 
is allowed 
to drive the bus. 


The bus can be preempted 
by the 82307 when arbi- 
trating 
on behalf 
of DMA, or when it is requested 
to 
run a refresh cycle, or to respond 
to NMI error recov- 
ery. The preempting 
of the bus can also be initiated 
by Micro Channel 
masters. 


The 
aCtual 
refresh 
request 
is 
generated 
by 
the 
82~09 
Address 
Bus Controller. 
Upon receiving 
this 
request the 82307 DMA Controller 
gains bus control 
and executes 
the refresh 
cycle. Address 
generation 
for the Micro Channel 
refresh 
cycle is generated 
by 
the 82307 
DMA controller. 


NUMERICS 
COPROCESSOR 
INTERFACE 


The 
82307 
DMA 
controller 
supports 
the 
numerics 
coprocessor 
interface. 
It provides 
software 
trans par - 
ency required 
to interface 
an 80387 to 80386 
proc- 
essor. 
Ports 
FOH and 
F1 H are 
integrated 
on the 
82307. 


The 
numerics 
coprocessor 
interface 
support 
in- 
cludes the chip select decode 
for coprocessor 
inter- 
nal register 
accesses 
of addresses 
F8H, FAH and 
FCH. The 82307 also alerts the CPU of any coproc- 
essor error output 
generated 
by asserting 
the inter- 
rupt request 
IRQ13. 


The Address 
Decoder 
logic decodes 
the chip select 
for the 8259 Interrupt Controllers 
and generates 
POS 
Address 
Space 
output 
for addresses 
100H through 
107H to support 
the Card set-up 
signals for the ex- 
pansion 
slots. 


The chip select 
output 
is for both 8259s 
in the sys- 
tem, so it must be externally 
gated with local chan- 
nel address 
bit A7 to select 
each actual device. 


For programming 
and register 
level 
details, 
please 
refer to IBM PS/2 
Technical 
Reference 
Manual. 


Signal 
Pin 
1/0 
Description 
Name 
Number 


A<0:23> 
13-2, 
AO-A15 
Processor 
local address 
bus. A16-A23 
are output only and are 
130-124, 
B 
driven when the DMA controller 
is bus master. AO-A 15 are bi- 


122-118 
A16-A23 
directional. 
They are inputs when the CPU is master, allowing 
the 
0 
CPU access to the chip's internal ports. They are outputs when the 
DMA is master. 


0<0:15> 
18-21, 
B 
Processor 
local data bus. When the DMA is master, it drives this bus 


23-31, 
in a write cycle, and samples 
it during a read cycle. When the CPU is 


35-37 
master, the bus is used to access DMA's internal registers. 


SO#,S1# 
87,85 
B 
CPU or DMA cycle status indicators. 
The DMA drives these signals 
when it is bus master. When a slave, the DMA inputs these signals to 
track CPU cycles. 


BHE# 
84 
0 
Byte high enable. 
It is driven when the DMA owns the bus and 
tristated 
otherwise. 
This signal ties directly to the CPU BHE# 
output 


in an 80386SX 
machine. 


PM/IO# 
81 
B 
CPU memory 1110 indicator. 
The DMA drives PM/IO# 
when bus 


master, and inputs it when it is slave. 


USO#,US1# 
43,44 
I 
Micro Channel 
status pins. Generated 
by the Bus controller 
when the 
CPU or DMA is master. When a slot-resident 
master owns the bus, it 


generates 
USOM # and US 1M #, and the DMA inputs these so as to 
recognize 
when the slot-resident 
master relinquishes 
the bus. (The 
slot-resident 
master end-of-transfer 
is recognized 
when USOM #, 


US1M#, 
the channel 
CMD# 
signal, and the channel 
BURST# 
signal 
are all negated.) 


OARBO-OARB3 
58-55 
0 
DMA/CACP 
arbitration 
bus outputs. These signals are driven by the 
DMAICACP 
to arbitrate 
on behalf of a floppy disk service at priority 
level 2. 


PBA# 
107 
0 
Processor 
Bus Access. The signal indicates 
a CPU bus access to the 


numeric coprocessor 
or to one of the DMA/CACP 
registers. 


ARB3-ARBO 
59-62 
I 
DMA/CACP 
arbitration 
bus inputs. These signals tie directly to the 
Micro Channel. All competing 
masters including 
the DMAICACP 
drive these during an arbitration 
cycle, and the master with the 


highest priority takes control 
of the Micro Channel 
after the arbitration 


cycle is complete. 


OPMT# 
92 
0 
Preempt Bus Master. DMA/CACP 
drives this output whenever 
it 


wishes.to 
preempt the current bus master. This can occur when 
arbitrating 
on behalf of a DMA channel 
service or when arbitrating 
on 


behalf of a refresh request, or when arbitrating 
on behalf of the CPU 
so as to let it respond 
to a NMI (non-maskable 
interrupt) 
request. 


PREEMPT# 
45 
I 
Wired "OR" 
of the PREEMPT # signals from all Micro Channel 
masters, including 
the DMAICACP 
(PMTO#). 
It signifies that a 
master wishes to force an arbitration 
cycle. 


ARB/GNT# 
63 
0 
Arbitration 
Cycle indicator. 
The DMA/CACP 
drives this Micro 


Channel 
signal high to signify an arbitration 
cycle. During the 


arbitration 
cycle, all competing 
masters drive their priorities 
onto the 
arbitration 
bus (ARB03-ARBOO). 
The falling edge of ARBGNT# 


signifies the end of the arbitration 
cycle, at which time the master with 


the highest priority takes control 
of the bus. If no master competes 
for the bus, the pullups on ARB03-ARBOO 
will read binary 1111 by 
, 
default, which is the normal operating 
priority of the CPU. 


• 
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Signal 
Pin 
1/0 
Description 
Name 
Number 


BSTO# 
53 
0 
Burst Output. The OMAICACP 
drives this output in order to own 
the Micro Channel 
for multiple cycles. Specifically, 
since all PS/2 
OMA cycles are two-cycle, 
BSTO# 
is driven to allow the OMA 
controller 
to own the bus for both halves of a two-cycle 
transfer. 


BURST# 
52 
I 
Burst Request 
Input. It is an input to the CACP from the current 
master wishing to own the bus for multiple cycles. 
It is derived 
by 
"OR"ing 
the Micro Channel 
BURST# 
signal with the OMAICACP 
BSTO # signal. 


HOLD, HLOA 
Hold/Hold 
Acknowledge 
to the CPU. 
76, 79 
(HOLO=O) 
(HlOA=I) 


FORO, FOACK # 
Floppy OMA Request, Acknowledge 
signals. The motherboard 
90,64 
(FORO=I) 
FOC requests 
OMA service via FORO. In response, 
the OMAI 


(FOACK#=O) 
CACP arbitrates 
for the Micro Channel 
on behalf of the floppy 
disk system. Once the OMAICACP 
has gained control 
of the bus, 
it acknowledges 
the FOC via FOACK # . 


TC# 
65 
0 
OMA Transfer 
Complete. 


UCM01 #, 
49,48 
I 
Micro Channel 
Command 
Inputs. These inputs are driven directly 
UCMOU 
by the Micro Channel 
CMO # signal. 


RFRO# 
46 
I 
Refresh Cycle Request from the Address 
Bus Controller. 


REFRESH# 
69 
0 
Refresh Cycle Signal. The OMA/CACP 
drives this output active 
during refresh cycles. This signal is buffered to become the Micro 
Channel 
REFRESH# 
signal. 


59CS# 
89 
0 
Interrupt 
Controller 
Chip Select (8259s). Note that this output is 
activated 
if either interrupt controller 
is selected. 
It is then 
externally 
gated with the local I/O channel 
address 
bit A7 to 
distinguish 
between 
controller 
1 and controller 
2. 


OENSEl 
88 
I 
Density Selected 
for the motherboard 
FOC 


COEN# 
91 
0 
Card Setup Enable. Oyring system setup, a bit pattern is written to 
port 96H to select a particular 
slot for configuration. 
COEN # 
enables the decode 
of these bits to send an active COSETUP# 
signal to the selected 
slot. COEN # is simply a combinatorial 
(non-clocked) 
decode 
of ports 100H-1 
07H. 


ClK1, 
ClK2, 
95,98,94, 
I 
Clock Inputs 
ClK3 
114,113 


RESET 
104 
I 
Power-up System Reset 


INTR,INTA# 
73, 108 
I 
Interrupt 
Request! Acknowledge. 
The PS/2's 
8259 based 
interrupt 
system generates 
interrupt 
requests 
to the CPU via 
INTR. In response, 
the CPU fetches 
the appropriate 
interrupt 
vector from the interrupt 
controller 
in an interrupt 
acknowledge 
cycle. The Bus controller 
decodes 
the CPU status outputs, 
and 
drives INTA# 
to identify a CPU interrupt 
acknowledge 
cycle. The 
OMAICACP 
monitors 
this activity via its INTR and INTA# 
inputs. 
In response 
to INTA # , the OMAICACP 
drives lBEN # so as to 
enable the 8259 vector onto the Micro Channel. The CACP uses 
INTR to ensure that the CPU has an opportunity 
to service an 
interrupt 
within one "fairness" 
cycle; i.e., it prevents 
the CPU from 
being totally locked out by higher priority arbiters. 


inter 


Signal 
Pin 
110 
Description 
Name 
Number 


NMI# 
74 
B 
Non-Maskable 
Interrupt 
to force arbitration 
cycle to allow CPU bus 
ownership. 
As an output, this appears to the system as an open 
drain, which allows for an external wire "OR" 
with other NMI sources. 


PRDYI# 
75 
I 
Processor 
Ready Input. The Bus controller 
generates 
this signal to 
terminate 
CPU and DMA cycles. 


NPCS# 
40 
0 
Chip select for the Numeric Coprocessor. 
It is an unlatched 
decode 
that acts as a chip select for CPU accesses 
to the numeric 
coprocessor's 
internal registers. 


NPRESET 
41 
0 
Numeric Coprocessor 
Reset. It resets the numeric coprocessor 
either upon a system reset or under software 
control. 


NPERR# 
38 
I 
Numeric Coprocessor 
Error Input. It is an input from the numeric 
coprocessor 
error output. The DMA/CACP 
uses it to generate 
an 
interrupt 
request (IRQ13) to inform the CPU of a coprocessor 
error. 


NPBUSY# 
39 
I 
Numeric Coprocessor 
Busy 


PBUSY# 
72 
0 
Processor 
Busy Output. It drives the CPU numeric coprocessor 
busy 
input. It is activated 
normally when the coprocessor 
is busy executing 
an instruction, 
but is also activated 
when a coprocessor 
error is 
detected. 
The CPU will not attempt 
to utilize the coprocessor 
as long 
as PBUSY # is active. 


IRQ13 
71 
0 
Numeric Coprocessor 
Error Interrupt 


LBEN# 
117 
0 
Local Bus Enable. This signal is used to enable the data buffers 
between 
the Micro Channel 
and local 110 bus. It is activated 
for 
decoded 
accesses 
to the 8259 interrupt controllers, 
as well as for 
interrupt acknowledge 
cycles. It is also driven during the DMA 
acknowledge 
cycle to the FDC. 


DMA# 
93 
0 
DMAICACP 
as the Bus Master. It is driven low at the end of an 
arbitration 
cycle (ARB/GNT# 
falling) to indicate that the DMA 
controller 
has gain control 
of the Micro Channel. 
It is negated 
during 
arbitration 
cycles, and is negated when either the CPU or slot- 
resident master owns the bus. It is also negated 
during refresh 
cycles. 


TO# 
42 
0 
Bus Timeout 
signal. The DMAICACP 
also issues an NMI to the CPU 
in response 
to the Bus timeout, 
and forces an arbitration 
cycle. 


Voo 
16,34,47, 
Power 
51,66,78, 


86,101,115,131 


VSS 
1,14,22,33, 
Ground 
50, 54, 67, 82, 
99,116,123 


NC 
15, 17, 32, 70, 
No Connect 
83, 100, 106, 132 


PU 
68,77,80,97, 
I 
Pull Up 
102,103,105, 
109-112 


PU2 
96 
I 
Pull Up. This input must have its own pullup. 


•• 
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NOTES: 
Important!! 
No other 
node allowed 
to share 
pull-up with PU2. 
NC = No Connect 
PU = Pull-Up 
-Pull-Up 
Resistor 
Value 
= 2K to 10K 
-No 
more than three 
nodes to a single pull-up 
resistor. 


Vss 
ClK1 
PU 
PU2 
ClKl 
ClK2 
DMA# 
OPMT# 
CDEN# 
FDRQ 
59CS# 
DENSEl 
so# 
Voo 
Sl# 
BHE# 
NC 
Vss 
PMjIO# 
PU 
HlDA 
Voo 
PU 
HOLD 
PRDYI# 
NMI# 
INTR 
PBUSY# 
IRQ13 
NC 
REFRESH# 
PU 
Vss 
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NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice . 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings only. Operation 
beyond 
the 
"Operating 
Conditions" 
is not recommended 
and ex- 
tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


Case Temperature 
under Bias 
-40·C 
to + 85·C 


Storage Temperature 
- 65·C to + 150·C 


Voltage 
to Any Pin with 
Respect to Ground 
- 0.3V to (Vcc + 0.3)V 


DC Supply Voltage 
(Vcd 
-0.3V 
to + 7.0V 


DC Input Current 
............•.......... 
± 10 mA 


D.C. CHARACTERISTICS 
Tc = o·C to +70·C. 
Vcc = 5V ±100/0 


Symbol 
Parameter 
Min 
Max 
Units 
Conditions 


VIL 
Input Low Voltage 
0.8 
V 


VIH 
Input High Voltage 
2.0 
V 


VIL 
Input Low Voltage 
0.8 
V 
CLK1. CLK2. CLK3 


VIH 
Input High Voltage 
Vcc 
- 
0.8 
V 
CLK1. CLK2. CLK3 


VOL 
Output Low Voltage 
0.4 
V 
IOL = 2 mA 


VOH 
Output High Voltage 
2.4 
V 
IOH = 2mA 


Ice 
Power Supply Current 
180 
mA 
No DC Loads 


III 
Input Leakage Current 
±10 
IJ-A 
Vss < VIN < VCC 


loz 
Tri-State 
Output Leakage Current 
±10 
IJ-A 
VSS < VOUT < Vcc 


im_f 


TC = O°C to + 70°C, VCC = 5V ±10% 


Symbol 
Parameter 
Kit 16 MHz 
Kit 20 MHz 
Kit 25 MHz 
CL Notes 
Min 
Max 
Min 
Max 
Min 
Max 
(pF) 


T1 
CLK1, CLK2, CLK3 LOW TIME 
15 
15 
14 
T2 
CLK(N) NON-OVERLAP 
TIME 
4 
4 
0 
T3 
RESET(IN), 
NPRESET(OUT) 
500 
500 
500 
50 
PULSE WIDTH 
T4 
TO# 
PULSE WIDTH 
60 
60 
60 
50 
T5 
A23-AO, 
PM/IO#, 
BHE#, 
4 
35 
4 
35 
4 
32 
75 
REFRESH# 
DELAY 
T6 
A23-AO, 
PM/IO#, 
BHE#, 
4 
40 
4 
40 
4 
40 
75 
STATUS 
FLOAT DELAY 
T7 
WRITE OAT A VALID DELAY 
2 
35 
2 
35 
2 
28 
75 
T8 
WRITE DATA FLOAT DELAY 
2 
40 
2 
35 
2 
35 
75 
T9 
READ OAT A SETUP TIME 
15 
13 
11 
T10 
READ DATA HOLD TIME 
4 
4 
4 
T11A 
STATUS VALID DELAY (TPHL) 
2 
25 
2 
25 
2 
20 
75 
T11B 
STATUS VALID DELAY (TPLH) 
2 
35 
2 
35 
2 
30 
75 
T12 
ADDR-TO-STATUS 
SETUP 
35 
27 
22 
75 
T13A 
PRDYI # SETUP TIME 
25 
20 
20 
2,3 
T13B 
PRDYI # SETUP TIME 
8 
8 
8 
2,3 
T14 
PRDYI # HOLD TIME 
5 
5 
5 
2 
T15 
A 15-AO, 
PM/IO# 
SETUP TIME 
35 
35 
35 
T16 
A 15-AO, 
PM/IO# 
HOLD TIME 
10 
10 
10 
T17 
STATUS 
SETUP TIME 
26 
26 
24 
T18 
STATUS 
HOLD TIME 
10 
10 
10 
T19 
WRITE DATA SETUP TIME 
25 
25 
25 
1 
T20 
WRITE DATA HOLD TIME 
25 
25 
25 
1 
T21 
READ DATA VALID DELAY 
2 
100 
2 
100 
2 
100 
75 
T22 
READ DATA FLOAT DEALY 
8 
40 
8 
35 
8 
35 
75 
T23 
HOLD DELAY 
2 
35 
2 
32 
2 
32 
50 
T24 
ARB/GNT# 
DELAY FROM EaT 
30 
30 
30 
50 
T25 
ARB/GNT# 
PULSE WIDTH 
6 x CLK3 
6 x CLK3 
6 x CLK3 
50 
4 
T26 
OARB3-0ARBO 
DELAY 
32 
32 
32 
50 
T27 
OPMT# 
INACTIVE 
DELAY 
35 
35 
35 
50 
T28 
BSTO# 
DELAY 
2 
40 
2 
40 
2 
40 
50 
T29 
TC# 
DELAY 
2 
36 
2 
33 
2 
33 
50 
T30 
FDACK#, 
DMA# 
DELAY 
2 
40 
2 
40 
2 
40 
50 
T32 
LBEN# 
VALID DELAY 
0 
35 
0 
35 
0 
35 
50 
T33 
CD EN # VALID DELAY 
2 
35 
2 
35 
2 
35 
25 
T34 
NPCS# 
DELAY 
2 
65 
2 
65 
2 
50 
50 
T35 
59CS# 
VALID DELAY 
l;l 
42 
6 
42 
6 
42 
50 
T36 
PBA# 
DELAY 
2 
45 
2 
45 
2 
45 
50 


NOTES: 
1. Write 
data is sampled 
on different 
clock 
edges 
by different 
DMA internal 
registers. 
T19 is speced 
relative 
to the earliest 
sampling 
edge, while T20 is relative 
to the latest 
edge. 


2. PRDYI II must be inactive 
and stable 
according 
to these 
specs 
at all DMA state boundaries 
except 
at the end of the TC 
boundary 
at which 
the cycle 
is to be terminated. 
3. T13A 
must be met to insure the 82307 
properly 
recognizes 
PRDYIII 
at the end of the cycle. 
T138 
must be met to insure 
that status 
(SOII, S1 II) activation 
is not delayed 
if the 82307 
has a cycle pending 
and will move directly 
into a TS state upon 
completion 
of the current 
cycle. 
If T138 
is not met, the status 
valid delay 
(T11 A) may no longer 
apply since 
PRDYI II rather 
than CLK1 
may gate status 
activation. 
4. T25 is specified 
as 3 times 
the CLK3 
period. 
This is a typical 
value which 
is not tested. 
Also, this spec 
does 
not comply 
with 
Micro 
Channel 
timings 
at 25 MHz. To remedy 
this situation, 
external 
hardware, 
such 
as the 
PAL used 
in the 
82311 
Designer's 
Guide, 
must be implemented 
in order to guarantee 
T25's 
compatibility 
with Micro Channel 
specifications. 
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CLK(N) [ 


OUTPUTS [ 


INPUTS [ 


LEGEND: 
A. Maximum 
Output 
Delay Specification. 
B. Minimum 
Output 
Delay Specification. 
C. Minimum 
Input Setup 
Specification. 
D. Minimum 
Input Hold Specification. 
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Micro Channel BUS CONTROLILER 


• 
Cache Controll«!r (82385) 
Interface 
to 
Maximize 
Performance 
for 80386 Based 
Systems 


• 
Low Power CHIIIIOS Technology 


• 
100-Pin Plastic 'Quad Flat Pack 
Packaging 


(See Packaging 
Spec., 
Order 
# 231369) 


The 82308 Micro Channel 
Bus Controller 
is the complementary 
device to the 82309 Address 
Bus Controller. 
It 
• 


is designed 
to facilitate 
data transfers 
between 
the Microprocessor, 
DMA, Memory 
and Micro Channel 
bus. It 
generates 
the appropriate 
data conversion 
and alignment 
control 
signals to implement 
an external 
byte swap 
mechanism 
for transferring 
data of equal and different 
widths. 


• 
Micro Channel Compatible 
Bus Control 


• 
Supports 
8-, 16- or 32-Bit Data 
Transfers 
on the Micro Channel 


• 
Optional 
Hardward 
Enforced 
1/0 
Recovery 
Mechanism 


The 82308 B'JS Controller 
generates 
all control 
signals necessary 
to run Micro Channel 
Memory 
and I/O Bus 


cycles 
for both 80386 and 80386SX processors. 


To implement 
the highest performance 
80386 based system with the 82385 cache controller, 
the Bus Control- 
ler features 
special 
cache 
hardware 
interface 
signals. 


fOACK, 


RDYlll", 
~"" 
C,,,'" 


PROVO' 


pw/tO,..•'"""" 
R,UI[N, 
"<1 
uw/lO, 
pole, 


PO!'I 


PAOS' 
'''''I 
SO'.S'I 


UCWDf 
uSO,.US'I 


UWWCD, 


U •••. 
, 


8((0,1)1 


.HI 


U,O.l 


UlHE, 


UlE(O,l), 


no" 
'" 
BEDIM 


The primary purpose 
of the state machine 
is to gen- 
erate 
the Micro 
Channel 
signals 
for processor 
and 
DMA cycles. These Micro Channel 
signals are: SO'I, 
S1 'I, ADL#, 
MMCCMD# 
and 
CMD#. 
The 
state 
machine 
also generates 
the PNA # 
signal 
required 
by the 386 CPU and generates 
the DMA SO# and 
S1 # based on the 386 processor 
status. 


The 
82308 
Bus 
Controller 
directs 
the 
transfer 
of 
data between 
the 32-bit 80386 bus and 32-bit, 16-bit 
or 8-bit 
devices 
on the 
Micro 
Channel. 
For 
16-bit 
transfers 
initiated 
by the 80386SX 
or DMA, the Bus 
Controller 
provides 
the control 
signals 
to facilitate 
transfers 
to 
16-bit 
or 
8-bit 
devices 
on 
the 
Micro 
Channel 
data bus and vice versa. 


In addition 
to 
providing 
the 
transceiver 
direction, 
latch, and enable 
signals, the Bus Controller 
manip- 
ulates Address 
signals for the DMA and Micro Chan- 
nel. For example, 
a 32-bit access 
to an 8-bit device 
is broken 
into four cycles, 
and the BC automatically 
sequences 
A 1 and AO in each cycle. 


The 82308 
Bus Controller 
also 
supports 
the 
ROM 
BIOS by providing 
the output 
enable 
for the BIOS 
based on the decoded 
BIOS address signal from the 
Address 
Bus Controller 
(ROMEN#). 


The 
reset 
detect 
logic 
generates 
a synchronous 
CPU 
reset 
signal 
based 
on 
any 
of 
the 
following 
events: 


- 
An active low-pulse 
on the RC# 
input to the Bus 
Controller 


- 
Processor 
Shutdown 
Condition 
based 
on 
the 
Processors' 
status signals 


- 
Power-up 
condition 
as determined 
by the RESET 
input. 


The 
82308 
Bus Controller 
generates 
Memory 
and 
I/O Read and Write signals for devices 
on the moth- 
erboard. 
It also 
generates 
the 
Interrupt 
Acknowl- 


, edge signal. 


The Bus Controller 
extends 
motherboard 
device ac- 
cesses 
by de-asserting 
CHRDY 
until a read or write 
strobe is generated. 
This gives the peripheral 
device 
an opportunity 
to extend 
the 
cycle 
even 
further 
if 
required 
by driving 
its own CHRDY 
inactive 
after 
it 
detects 
the read or write 
strobe. 
The 
motherboard 
device 
decode 
is performed 
by the 82309 
Address 
Bus Controller. 


The 
82308 
Bus Controller 
supports 
82385 
Cache 
Controller 
interface 
signals 
to allow 
maximum 
sys- 
tem performance 
in cache 
based 386 systems. 


The 
Bus Controller 
generates 
a synchronous 
flush 
output signal (FLUSH) to the cache controller 
when- 


ever the flush request 
(FIN) is generated. 


The Snoop Strobe output of the 82308 
Bus Control- 
ler is a synchronized 
strobe 
indicating 
a valid 
ad- 
dress 
during 
non-processor 
write 
cycles. 
It is com- 
patible with the 82385 cache controller's 
bus watch- 


ing mechanism. 


HARDWARE 
ENFORCED 
110 RECOVERY 


Certain 
I/O 
devices 
require 
a minimum 
delay 
be- 
tween 
consecutive 
accesses. 
Typically, 
software 
loops 
are executed 
in the 
I/O 
routine 
to force 
the 
delay, 
but 
software 
loops 
cannot 
guarantee 
mini- 
mum delay times in all cases. 
The 82308 
Bus Con- 
troller provides 
the option 
of enforcing 
I/O recovery 
in hardware. 
This 
mechanism 
is controlled 
by two 
inputs (RSEL 1 and RSELO), which select one of four 
possible 
minimum 
I/O recovery 
times. At the end of 
a CPU initiated 
I/O 
cycle, 
an internal 
timer 
is trig- 


gered, and the 82308 will not allow the next I/O ac- 
cess to proceed 
until the timer 
has timed 
out. The 
specific 
functioning 
of RSEL 1 and RSELO is detailed 
in the pin definitions 
and A.C. Timing 
specifications. 
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t 
RDYRTNI 


(RDYRTNI SAt.4PLED ACTIVE. 


NO CYCLE EXTENSION REOUESTED) 


t 
EDC 
(RD&WR) 


t 
EDC 


(CACHE RD) 


NOTE: 
MMCCMD# 
only driven 
in CPU initiated 
cycles. 
EOC = End Of Cycle. 


t 
RDYRTNN 
t 
OC 
EOC 
(R 
&WR) 
(CACHE 
RO) 


t 
RDYRTNH 
RDYRTNH 
RDYRTNH 
RDYRTNH 
t 
EOC 
EOC 
(RD&WR) 
(CACHE RD) 
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t 
RDYRTNH 
t 
EOC 
(WRITES) 
t 
EOC 
(READS) 
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t 
RDYRTN# 
t 
EOC 
(WR) 


t 
RDYRTN# 
RDYRTN# 
RDYRTN# 
RDYRTN# 
t 
EOC 
EOC 
(RD&:WR) 
(CACHE RD) 
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82308 


DMA DEFAULT 
CYCLE 


DhlA TS 
DhlA 
TC 


CLK2 


ADDR 


STATUS 


ADLN 


ChlDN 


RDYN 


SAL 


t 
t 
RDYRTNN 
[OC 
290187-8 


DMA SYNCHRONOUS 
EXTENDED 


DhlA TS 
DhlA 
TC 
DhlA 
TC 


STATUS 


ADLN 


ChlDN 


t 
t 
RDYRTNN 
RDYRTNN 
[OC 
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16 
101HzNO CACHE (,RCN=O) -l J J J J 
16 
101Hz wi CACHE OR 20 101Hz (,RCN=O) 


16 
101HzNO CACHE (,RCI=I) 


16 
101Hz WI CACHE OR 20 101Hz NO CACHE (,RCI"1) 


20 101HzWI CACHE (,RCI=!) 
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NOTES: 
1. RAMEN# distinguishes between system board and channel memory accesses. The BC must wait for RAMEN# to 
resolve before driving STATUS in a channel access. Thus, in non-pipelined channel accesses or pipelined channel 
accesses in which the ABC sees only one state of pipelined address, the BC delays starting the channel access until the 
end of the T1P or first T2 state. 
2. In memory cycles the BC must drive NA# before RAMEN# resolves in order to sustain OWSpipelined page hits. 
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82308HS-25 
MICRO 
CHANNEL 
BUS 
CONTROLLER 
TIMING 
DIAGRAMS 


The 82308HS-25 
provides 
Micro Channel 
Bus Con- 
trol for 25 MHz 80386 
systems. 
It is 100% 
function 
and pin compatible 
with the 82308-16/20 
Bus Con- 
troller, 
so minimal 
system 
re-design 
is required 
to 
upgrade 
current 
16 
MHz 
or 
20 
MHz 
systems 
to 
25 MHz. (Note that the 82308HS-25 
FP input must 
be tied high.) 


Although 
the 82308HS-25 
is functionally 
identical 
to 
the 82308-16/20, 
its internal 
state machine 
and ex- 
ternal 
timing 
behavior 
are 
modified 
to 
insure 
full 
compatibility 
with published 
Microchannel 
timings 
at 
the increased 
CPU frequency, 
and to accommodate 


25 MHz system 
and component 
specifications. 
This 
addendum 
to the 82308-16/20 
data sheet 
provides 
the basic timing diagrams 
for the 82308HS-25, 
high- 
lighting 
the specific 
clock 
edges 
that either 
sample 
specific 
inputs, 
or else 
trigger 
specific 
outputs. 
All 
AC specification 
output delays are referenced 
to the 
"causal" 
clock edge, and input setup/hold 
times are 
referenced 
to the sampling 
clock 
edge. 
Any signal 
not 
specifically 
addressed 
in these 
diagrams 
be- 
haves just as it does 
in the 82308-16/20. 
(Note 
in 
the 
AC specifications 
that 
notes 
numbered 
21 or 
greater 
apply only to the 82308HS-25.) 
The 82311 
Micro Channel 
Compatible 
Peripheral 
Chip Set De- 
signer's 
Guide 
contains 
additional 
25 MHz system 
design information. 
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'If necessary. 
a wait 
state 
is added 
to CPU 1/0 
cycles 
to align 
them 
with 
even 
DMA 
state 
boundaries. 
(Recall 
that 
DMA 
states 
are 4 clock 
phases 
wide 
while 
80386 
states 
are only 2 phases.) 
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'Ramen# 
distinguishes between (non-broadcast) system board and channel memory accesses. (The 82308-25 samples Ramen# and 
Romen# on the phase 2 clock edge.) The BC must wait for Ramen# to resolve "not true" before driving status in a channel access. Thus. in a 
non-piplined channel memory access, the BC delays starting the channel cycle until after the first T2 state. 


82308HS 
25 MHz CPU Default 
Micro Channel Cycles 
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NON-PIPELINED 
PIPELINED 
PIPELINED 
NON-PIPELINED 
READ 
DOUBLE 
WRITE 
READ 
WRITE 
(WSI/=O) 
PIPELINED 
WRITE 


290187-22 


C»N 
to)0 
C»:I: 
CIl 
N 
CIl 
3::I: 
N 
0 
W!RH 
~c: 
> 
(') 
ADSH 
(') 
ID 
Ul 
Ul..• 


CASH 
0 
CIl 
'< 
Uli 
t.fDIR 
3 
~ 
lD 
(" 
0 
--J 
III 
t.fLWH 
--J .. 
Co 
3: 
ID3 
t.fHWH 


0.. 
'<..... 
C 
FCESH 
III 
iii 
lDc: 
RDVH 
Ul 
-4.. 
III 
:J 
Ul 
(') 
ID 
<" 
ID.. 
0 
0 
:J..•..2. 


DOUBLE 
PIPELINED 
READ 


inter 


Signal 
Pin 
1/0 
Description 
Name 
Number 


RSTRQ# 
87 
I 
Logical NOR of 8042 pin 20 and LCS ALTRESET to initialize reset 
(Software 
reset). 


RSTCPU 
91 
0 
Microprocessor 
Reset. 


PCE# 
82 
I 
Enable Parity Check from Memory 
Encoding 
Register 
Bit O.This input 
should be tied low for a model 60 system. (Parity check always 
enabled.) 


PO 
83 
I 
Parity Error from DRAM for bits 0-7. 


P1 
84 
I 
Parity Error from DRAM for bits 8-15. 


P2 
85 
I 
Parity Error from DRAM for bits 16-23. 


P3 
86 
I 
Parity Error from DRAM for bits 24-31. 


PCHCK# 
90 
0 
Parity Error Output. 


10EN# 
79 
I 
Active low signal from the Address 
Bus controller 
indicating 
a 
motherboard 
1/0 device address. 


CHRDY 
92 
0 
Input to the Channel 
Ready Return logic to extend the current cycle. 


FDACK# 
81 
I 
FDC DACK # signal. 


lOR 
97 
0 
1/0 Read signal for motherboard 
devices 
(8042, 8259, etc.). 


lOW 
98 
0 
I/O Write signal for motherboard 
devices. 


VMWR# 
96 
0 
Memory write strobe to the VGA. 


VMRD# 
95 
0 
Memory read strobe to the VGA. 


INTA# 
94 
0 
INTA # Input to the 8259. 


AO 
9 
B 
CPU and DMA Address 
O.AO will be driven by the Bus controller 
based on the byte enable signals when the 386 owns the bus. It is a 
Bus controller 
input in an 80386SX 
system, or when the DMA is 
master. 


A1 
10 
B 
CPU and DMA Address 
1. A 1 will be driven by the Bus controller 
based on the byte enable signals when the 386 owns the bus. It is a 
Bus controller 
input in an 80386SX 
system, or when the DMA is 
master. 


BHE# 
100 
I 
Byte High Enable signal from the CPU and DMA. 


BEO-3# 
11-12,14-15 
I 
Byte Enable bits 0-3 
from the 80386. 


UAO 
3 
B 
Unbuffered 
Micro Channel 
Address 
bit O. This signal is generated 
by 
the bus controller 
based on the byte enable signals and AO from the 
DMA. It is also manipulated 
by the swap logic. 


UA1 
4 
B 
Unbuffered 
Micro Channel 
Address 
bit 1. This signal is generated 
by 
the bus controller 
based on the byte enable signals and A 1 from the 
DMA. It is also mani.pulated by the swap logic. 


NOTE: 
For 80386SX 
systems, 
UA 1 is unconnected, 
and should be lightly 
pulled up (10K). The channel 
A1 is latched along with the upper 
address lines.) 


UBHE# 
16 
B 
Unbuffered 
Micro Channel 
System Bus High Enable. This signal is 
generated 
from BEO-3 # when the 386 owns the bus, or BHE iF from 
the DMA. In 80386SX 
systems, 
UBHE # is a reflection 
of the 
80386SX 
BHE iF output. 


Signal 
Pin 
110 
Description 
Name 
Number 


UBEO-3# 
5-8 
B 
Unbuffered 
Micro Channel 
Byte Enable bits 0-3. 
These byte enable 
signals are driven by the bus controller 
when the CPU or DMA is 
master. (An external 
PAL is required to generate 
the channel 
byte 
enables on behalf of a 16-bit channel 
master that requests 
translation.) 


TR32 
99 
I 
Translate 
32 from the Micro Channel to indicate 
32 bit masters 
driving BEO-3# 
(when inactive). 
(Tie high for 80386SX 
system.) 


SAL 
18 
0 
Latch enable for the system address bus. This signal controls 
the 
address latch between 
the CPU bus and channel. 


BEDIR 
17 
0 
Direction 
control for the UBEO-3# 
transceiver. 
It is high when the 
Bus controller 
is driving UBEO-3#. 


PBA# 
48 
I 
Indicates 
that the DMA or numeric coprocessor 
has been selected 
and is using the local data bus. 


ROMEN# 
49 
I 
Decode that inidicates 
that the BIOS ROM has been selected. 


DS16RTN 
50 
I 
Micro Channel 
Data Size 16 signal. 


DS32RTN 
53 
I 
Micro Channel 
Data Size 32 signal. 


ARB/GNT# 
54 
I 
Micro Channel 
ARB/ -GNT status. 
. 


REFRESH# 
55 
I 
Refresh 
Indicator. 


DMA# 
56 
I 
Indicates 
that the DMA owns the bus. 


HLDA 
57 
I 
CPU HLDA input. Indicates 
CPU controls 
local address and data bus 
if low. 


WDL 
36 
0 
Latch enable signal for latching 
data bus DO-31 for generating 
Micro 
Channel 
DO-31 
signal. Insures Micro Channel 
write data hold time 
spec is met. 


DBE1# 
43 
0 
Output Enable for driving data on CPU DO- 7 onto Micro Channel 
DO-7 during CPU or DMA writes or Micro Channel 
DRAM reads. 


DBE2# 
44 
0 
Output Enable for driving data on CPU D8-15 
onto Micro Channel 
D8-15 
during CPU or DMA writes or Micro Channel 
DRAM reads. 


DWHE# 
45 
0 
Output Enable for driving data on CPU D16-31 
onto Micro Channel 
D16-31. 


SBLW# 
41 
0 
Output enable for driving data on Micro Channel 
DO-15 
onto CPU 
DO-15. 


SBHW# 
42 
0 
Output enable for driving data on Micro Channel 
D16-31 
onto CPU 
D16-31. 


MDIR 
32 
0 
Direction 
control for transferring 
data between 
the CPU Data Bus and 
the DRAM memory data bus. 


MLW# 
29 
0 
Output enable for the transceiver 
between 
the CPU data bus 00-15 
and the DRAM memory data bus. 


MHW# 
30 
0 
Output enable for the transceiver 
between 
the CPU data bus D16-31 
and the DRAM memory data bus. 


ROMOE# 
73 
0 
Output Enable signal for the BIOS ROMs. 


SWAP1# 
19 
0 
Transceiver 
enable for transferring 
data between 
Micro Channel 
Data 
Bus 0-7 
and 8-15. 


inter 


Signal 
Pin 
1/0 
Description 
Name 
Number 


SWAPU 
20 
0 
Transceiver 
enable for transferring 
data between 
Micro Channel 
Data 
Bus 0-7 
and 16-23. 


SWAP3# 
21 
0 
Transceiver 
enable for transferring 
data between 
Micro Channel 
Data 
Bus 8-15 
and 24-31. 


SWAP4# 
22 
0 
Transceiver 
enable for transferring 
data between 
Micro Channel 
Data 
Bus 0-7 
and 24-31. 


SWDIR 
23 
0 
Direction 
control 
for Micro Channel 
Data Bus transceivers. 


DBL1 
33 
0 
Latch enable for latching 
Micro Channel 
Data Bus 0-7. 


DBL2 
34 
0 
Latch enable for latching 
Micro Channel 
Data Bus 8-15. 


DBL3 
35 
0 
Latch enable for latching 
Micro Channel 
Data Bus 16-23. 


SCLK 
58 
I 
Microprocessor 
Clock. 


RESET 
59 
I 
Synchronized 
reset input to synchronize 
the internal clock with the 
processor 
phase. 


RDYRTN# 
80 
I 
Channel 
Ready Return signal from Micro Channel 
(active low). 


PRDYO# 
93 
0 
Microprocessor 
ready signal. 


FP 
68 
I 
Processor 
Speed Select. (20 MHz = 1. 16 MHz = 0.) 


PRDYI# 
60 
I 
Synchronized 
microprocessor 
ready input. 


FRC# 
61 
I 
Fast ROM Cycle Select. When tied low. ROM cycles are run as Micro 
Channel 
default read cycles. When tied high, additional 
wait states 
are inserted to accommodate 
slower ROMs. 


RAMEN# 
62 
I 
Decode that indicates 
a system board DRAM access. 


FCE# 
63 
I 
Input that directs BC to terminate 
a CPU system board DRAM access 
by generating 
READY # in the next clock cycle. 


UM/IO# 
64 
I 
Micro Channel 
Memory/iO 
status. 


PD/C# 
65 
I 
CPU D/C# 
output. 


PW/R# 
66 
I 
CPU W/R# 
output. 
. 


PADS# 
67 
I 
CPU ADS# 
output. (Indicates 
address valid.) 


PNA# 
71 
0 
Next Address 
Signal for address pipelining. 


SO#, S1# 
69, 70 
B 
DMA Status lines; input by the BC when DMA is master, and output 
by the BC when CPU is master. 


UADL# 
78 
B 
Micro Channel 
Address 
Latch Signal. 


UMMCMD# 
40 
0 
Micro Channel 
Matched 
Memory Command 
Signal. 


UCMD# 
72 
B 
Micro Channel 
Command 
Signal. 


USO#.US1# 
76, 77 
B 
Micro Channel 
Status. 


RSEL1 
27,31 
I 
These two signals are used for hardware 
enforced 
1/0 recovery. 
RSELO 
I 
They are sampled 
at the leading edge of UCMD# 
during CPU 
initiated 
1/0 cycles, and are used to select one of four possible 
1/0 
recovery times. At the end of the I/O cycle, an internal timer is 
triggered, 
and then times out after the selected 
1/0 recovery 
time. 
The next 1/0 cycle is not allowed to proceed 
into the active UCMD# 
phase until the internal timer times out. RSEL 1,0 can be strapped 
for 
a particular 
time, or else driven from a combinatorial 
address 
decode. 


inter 


Signal 
Pin 
I/O 
Description 
Name 
Number 


FIN 
26 
I 
Asynchronous 
cache flush request input. A pulse on FIN causes a 
cache flush. Also, if FIN is left active for a long period of time, the 
82385 will be kept in flush mode for as long as FIN is active. The 
exception 
to this is when the BC is directed to do a software 
initiated 
CPU reset when FIN is active. The BC will de-activate 
FLUSH for a 
period of time surrounding 
the falling edge of RSTCPU so as to 
prevent the 82385 from entering 
its self-test 
mode. If FIN is still active 
after the reset, then FLUSH will be re-activated. 


FLUSH 
46 
0 
Synchronous 
flush request to the 82385 Cache Controller. 


SNOOP # 
47 
B 
Synchronous 
strobe to the cache controller 
to indicate 
valid address 
during a non-processor 
memory write. SNOOP # is sampled 
at reset 
to indicate the presence 
of a cache. (1 = cache present, 0 = no 
cache.) 


PM/IO# 
28 
I 
CPU M/IO# 
output. 
. 


WS# 
39 
I 
This input, if tied low, inserts an additional 
wait state into CPU reads 
from system board memory beyond the number of wait states 
requested 
via the FCE # input. It is primarily intended 
for cache 
applications, 
which typically 
require increased 
CPU data setup. 


NC 
1,25,51, 
No Connect 
52, 75 


Voo 
13,37,88 
Power 
, 


Vss 
2,24,38, 
Ground 
74,89 
, 


NC 
VSS 
UAO 
UAl 
UBEO# 
UBE1# 
UBE2# 
UBE3# 
AO 
Al 
BEO# 
BE1# 
VOO 
BE2# 
BE3# 
UBHE# 
BEOIR 
SAL 
SWAP1# 
SWAP2# 
SWAP3# 
SWAP4# 
SWOIR 
VSS 
NC 


NOTE: 
NC = No Connect 


NC 
Vss 
ROIoWEH 
UCMoH 
PNAH 
slH 
SOH 
FP 
PAOSH 
PW/RH 
PO/CH 
Ut.4/IOH 
FCEH 
RAMENH 
FRCH 
PROYI# 
RESET 
SCLK 
HLOA 
OMA# 
REFRESHH 
ARB/GNTH 
OS32RTN 
NC 
NC 


inter 


NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice . 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings only. Operation 
beyond 
the 
"Operating 
Conditions" 
is not recommended 
and ex- 


tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


Case Temperature 
under Bias 
- 40°C to + 85°C 


Storage Temperature 
-65°C 
to + 150°C 


Voltage 
to Any Pin with 
Respect 
to Ground 
-0.3V 
to (Vcc+ 
0.3)V 


DC Supply Voltage (Vecl 
-0.3V 
to + 7.0V 


DC Input Current 
± 10 mA 


D.C. CHARACTERISTICS 
Te = O°Cto 
+ 70°C, Vcc = 5V ±10% 


Symbol 
Parameter 
Min 
Max 
Units 
Conditions 


Vil 
Input Low Voltage 
0.8 
V 


VIH 
Input High Voltage 
2.0 
V 


Vil 
Input Low Voltage 
0.8 
V 
SCLK 


VIH 
Input High Voltage 
Vee - 
0.8 
V 
SCLK 


VOL 
Output Low Voltage 
0.4 
V 
IOl = 4mA 


VOH 
Output High Voltage 
2.4 
V 
IOH = 4mA 


Ice 
Power Supply Current 
180 
mA 
No DC Loads 


III 
Input Leakage Current 
±10 
IJ-A 
VSS < VIN < Vee 


loz 
Tri-State 
Output Leakage Current 
±10 
IJ-A 
VSS < VOUT < Vee 
• 


82308 
Micro Channel 
BUS CONTROLLER 
A.C. SPECS 
TC = O·Gto +70·G. Vcc = 5V ±10% 


82308 
82308 
82308HS 


Symbol 
Parameter 
Kit 16 MHz 
Kit 20 MHz 
Kit 25 MHz 
CL(pF) 
Notes 
Conditions 


Min 
Max 
Min 
Max 
Min 
Max 


T1 
SCLKPERIOD 
31.25 
25 
20 


T2A 
SCLK HIGH/LOW 
TIME (50%) 
12 
10 
8 


T2B 
SCLK HIGH/LOW 
TIME (90%) 
8 
6.5 
6 
. 


T3 
RESET SETUP 
10 
10 
10 


T4 
RESET HOLD 
4 
4 
4 


T5A 
RSTCPU 
DELAY 
2 
30 
2 
30 
2 
27 
25 


T5B 
RSTCPU 
PULSE WIDTH 
1980 
1580 
1260 
25 
14,20 


T6A 
FLUSH 
DELAY 
5 
41 
5 
34 
5 
28 
50 


T6B 
FLUSH 
PULSE WIDTH 
240 
190 
150 
50 
15,20 


T6C 
SNOOP# 
DELAY 
5 
41 
5 
34 
5 
28 
50 


T7 
FIN PULSE WIDTH 
25 
25 
25 


T8A 
COMMAND 
I/O RECOVERY 
PULSE WIDTH 
600 
600 
600 
20 
RSEL1,O = 01 


T8B 
COMMAND 
I/O RECOVERY 
PULSE WIDTH 
2500 
2500 
2500 
20 
RSEL1,O = 10 


T8C 
COMMAND 
I/O RECOVERY 
PULSE WIDTH 
10000 
10000 
10000 
20 
RSEL1,O = 00 


T8D 
COMMAND 
I/O RECOVERY 
PULSE WIDTH 
0 
0 
0 
20 
RSEL1,O = 11 


T9 
RSELO,1 SETUP 
15 
15 
15 
4 


T10 
RSELO,1 HOLD 
20 
20 
20 
4 


T11A 
PW/R#, 
PD/C#, 
PM/lOll' 
SETUP 
25 
22 
13 


T11B 
PADS# 
SETUP 
25 
22 
17 


T12 
PADS#, 
PW/R#, 
PD/C#, 
PM/lOll' 
HOLD 
4 
4 
4 


T13A 
UM/IO# 
SETUP TO UADL# 
,J.. 
20 
20 
20 


T13B 
UM/IO# 
SETUP TO SCLK 
20 
20 
20 
8 


T14A 
UM/IO# 
HOLD FROM UADL# i OR 
20 
16 
16 
7 
UCMD# 
,J.. 


T14B 
UM/IO# 
HOLD FROM SCLK 
20 
16 
16 
8 


T15 
PRDYO# 
DELAY 
4 
30 
4 
24 
3 
20 
75 


T16 
PRDYI# 
SETUP 
18 
18 
15 


T17 
PRDYI# 
HOLD 
3 
3 
3 


T18 
PNA# 
DELAY 
0 
25 
0 
25 
3 
28 
25 


T19A 
UADL# 
DELAY (TPHL) 
2 
24 
2 
24 
2 
22 
25 


T19B 
UADL# 
DELAY (TPLH) 
2 
24 
2 
24 
2 
22 
25 


T20A 
UCMD# 
DELAY 
(TPHL) 
2 
23 
2 
20 
2 
20 
25 
2 
T20B 
UCMD# 
DELAY 
(TPLH) 
2 
25 
2 
23 
2 
20 
25 


T21A 
UMMCMD# 
DELAY 
(TPHL) 
2 
23 
2 
20 
2 
20 
25 
2,5 


T21B 
UMMCMD# 
DELAY (TPLH) 
2 
25 
2 
23 
2 
20 
25 


T22A 
USO#,US1#(TPHL)DELAY 
2 
27 
2 
26 
2 
24 
25 
2 


T22B 
USO#,US1#(TPLH)DELAY 
2 
27 
2 
26 
2 
24 
25 


T22C 
USO#, 
US1 # (TPHL) DELAY 
FROM 
0 
27 
0 
30 
0 
30 
25 
SO#,S1# 


T23 
SOli', S1 # SETUP 
20 
20 
15 


T24 
SOli', S1# 
DELAY 
2 
35 
2 
30 
2 
22 
50 
T25 
AO, A1 DELAY 
FROM BEO-3# 
2 
35 
2 
30 
2 
25 
25 
T26 
UBEO-3#,UAO-1#,UBHE# 


DELAY 
FROM BEO-3#, 
AO-1, 
BHE# 
2 
30 
2 
28 
2 
28 
25 
T28 
SAL DELAY 
2 
36 
2 
30 
2 
27 
100 
T30A 
SBHW#, 
SBLW# 
INACTIVE 
DELAY 
2 
30 
2 
25 
2 
32 
50 
11,21 
FROMSCLK 


T30B 
SBHW#, 
SBLW# 
DELAY 
FROM UADL# 
2 
40 
2 
40 
2 
40 
50 
25 


inter 


82308 Micro Channel BUS CONTROLLER A.C. SPECS 


T C = D·C to + 7D·C, VCC = 5V ± 1D% (Continued) 


82308 
82308 
82308HS 


Isymbol 
Parameter 
Kit 16 MHz Kit 20 MHz Kit 25 MHz CL(pF) 
Notes 
Conditions 


Min 
Max 
Min 
Max 
Mln 
Max 


T30C 
SBHW#, 
SBLW# 
DELAY 
FROM UCMD# 
5 
35 
5 
35 
5 
35 
50 
10,25 


T30D 
SWDIR DELAY 
FROM UADL# 
2 
40 
2 
40 
2 
40 
100 
12 


T30E 
DWHE# 
DELAY 
FROM UADL# 
2 
40 
2 
40 
2 
40 
50 
T30F 
DWHE# 
DELAY 
FROM UCMD# 
5 
45 
5 
45 
5· 
45 
50 
25 


T30G 
DBE1 'I, DBEU 
DELAY 
FROM UADL# 
2 
40 
2 
40 
2 
40 
25 


T30H 
DBE1 'I, DBEU 
DELAY 
FROM UCMD# 
5 
45 
5 
45 
5 
45 
25 
25 


T301 
SWAP1-4# 
DELAY FROM UADL# 
2 
40 
2 
40 
2 
40 
25 
25 


T30J 
SWAP1-4# 
DELAY FROM UCMD# 
5 
35 
5 
35 
5 
35 
25 
13,25 
T30K 
SBHW#, 
SBLW# 
ACTIVE 
DELAY FROM SCLK 
2 
40 
2 
40 
2 
40 
50 
11 
T30L 
SWDIR 
DELAY FROM UCMD# 
5 
40 
5 
40 
5 
40 
100 
13,25 


T30M 
SWDIR 
DELAY FROM DS16RTN, 
DS32RTN 
2 
35 
2 
35 
2 
35 
100 
12,25 


T30N 
SWAP1-4# 
DELAY 
FROM UCMD # 
2 
35 
2 
35 
2 
35 
25 
11,25 


T31 
DBL 1-3 
SETUP TO UCMD#, 
UMMCMD# 
-4 
-4 
-4 
25 
T32 
WDLDELAY 
2 
32 
2 
26 
2 
21 
50 
T33 
DBL1-3 
DELAYj 
2 
27 
2 
25 
2 
22 
25 
T34A 
MHW #, MLW # ACTIVE 
DELAY 
FROM SCLK j 
2 
30 
2 
25 
2 
25 
50 
16 


T34B 
MHW #, MLW # INACTIVE 
DELAY 
FROM SCLK j 
2 
30 
2 
25 
2 
32 
50 
17,21,24 
T34C 
MDIR DELAY 
FROM SCLK 
2 
40 
2 
40 
2 
40 
125 
22,24 


T34D 
MHW#, 
MLW# 
DELAY 
FROM UADL# 
2 
45 
2 
45 
2 
45 
50 
25 


T34E 
MHW#, 
MLW# 
DELAY 
FROM UCMD# 
5 
40 
5 
40 
5 
40 
50 
25 


T34F 
MDIR DELAY 
FROM UADL# 
2 
45 
2 
45 
2 
45 
125 
25 


T34H 
ROMOE # DELAY 
FROM SCLK 
2 
28 
2 
28 
2 
28 
50 
T341 
MHW #, MLW # ACTIVE 
DELAY 
FROM SCLK i 
2 
35 
2 
35 
2 
35 
50 
18,23 


T34J 
MHW 'I, MLW # INACTIVE 
DELAY FROM SCLK j 
2 
35 
2 
35 
2 
35 
50 
19,24 


T35 
FCE# 
SETUP 
15 
15 
7 
T36 
FCE# 
HOLD 
3 
3 
3 
T37 
ROMEN#, 
RAMEN # SETUP 
20 
19 
19 
T38A 
DS16RTN, 
DS32RTN 
SETUP TO SCLK 
30 
30 
25 
6 


T38B 
DS16RTN, 
DS32RTN 
SETUP TO UADL # j 
15 
15 
15 
3 


T41 
RDYRTN# 
SETUP TO SCLK 
10 
10 
10 
9 


T42 
RDYRTN # HOLD FROM SCLK 
4 
4 
4 
T43 
10EN # , FDACK # SETUP TO UADL # ACTIVE 
10 
10 
10 
25 


T44A 
PO-P3 
SETUP TO SCLK 
0 
0 
0 
11 


T44B 
PO-P3 
SETUP TO UCMD# 
3 
3 
3 
13,25 


T45 
PO-P3 
HOLD 
12 
12 
12 
T46A 
CHRDY 
DELAY 
FROM 10EN # 
2 
30 
2 
30 
2 
30 
25 
T46B 
CHRDY 
DELAY 
FROM STATUS 
2 
25 
2 
25 
2 
25 
25 
25 


T46C 
CHRDY 
ACTIVE 
FROM MB COMMAND 
100 
90 
70 
25 
1,20 


T47A 
MB COMMAND 
DELAY 
FROM UCMD# 
ACTIVE 
75 
75 
75 
100 
1,20 


T47C 
MB COMMAND 
DELAY 
FROM UCMD# 
INACTIVE 
3 
40 
3 
40 
3 
40 
100 
1,25 


T48 
MB COMMAND 
PULSE WIDTH 
250 
225 
190 
100 
1,12,20 


NOTES: 
1. MB Commands 
include 
lOR, lOW, INTA#, 
VMRD# 
and VMWR#. 


2. These 
specs 
and cycle edge defini:;ons 
support 
a worst 
case "effective" 
data setup of 40 ns for a 385 system 
at 20 MHz. 


(Effective 
setup 
means 
setup to the "386-like" 
front end created 
by the 385.) 
3. Spec applies 
only when 
master 
resides 
on Micro Channel. 


4. RSELO,1 should 
be tied high or low, or else driven from a combinatorial 
address 
decode. 


5. UMMCMD# 
is only driven when 
the CPU is master. 


6. Applies 
only when 
CPU is master. 


7. T14A 
applies 
to the later of ADL# 
j 
or CMD# i. 


8. T13B, 
T14B 
apply to CPU or DMA master. 


9. RDYRTN # is an asychronous 
input. Meeting 
T41 simply 
guarantees 
recognition 
at a particular 
clock 
edge. 


"V 
11:,,; 
10. Applies 
when 
DMA is master. 


11. Applies 
when 
CPU is master. 


12. Applies 
when 
CPU or DMA is master. 
13. Applies 
when 
DMA or channel 
master 
is master. 


14. Functional 
Spec 
Not Tested 
(= 
64 SCLK Periods). 
15. Functional 
Spec 
Not Tested 
(= 8 SCLK Periods). 
16. READS 
AND PIPELINED 
WRITES 
17. READS 
18. NON-PIPE LINED WRITES 
19. WRITES 
20. Functional 
Spec 
... 
Not Tested 


NOTES 
(82308H5-25 
ONLY): 
21. Contention 
will not occur 
when 
a write 
immediately 
follows 
a read 
because 
the 82385 
insures 
at least 
one 
BTI'state 
between 
a read followed 
by write sequence 
during which 
the data bus remains 
tri-stated. 


22. MDIR 
is generated 
and speced 
from SCLK t instead 
of from 
SCLK.J.. at it is in the 82308-16/20. 


23. In non-piped 
writes, 
MHW# 
and MLW# 
are generated 
from the phase 
2 SCLK t edge 
rather 
than from 
SCLK.J.. as in 
the 82308-16/20. 
24. Since 
MDIR 
toggles 
from 
the same clock 
edge that 
MHW# 
and MLW# 
are de-asserted 
from, 
contention 
is prevented 
by 82308-25 
internal 
design 
such that MDIR is guaranteed 
to be slower 
than MHW # or MLW #. 
25. Only tested 
when 
UADL#, 
UCMD#, 
USO#, 
and US1 # are inputs; 
i.e., when 
Micro Channel 
is master. 


82308SX 


16 MHz 
20 MHz 


Max 


20 


Max 


20 


inter 


SCLK[2V 


OUTPUTS [ 
VALID 
1 5V 
OUTPUTn 
• 


INPUTS [ 


LEGEND: 
A. Maximum 
Output 
Delay Specification. 


B. Minimum 
Output 
Delay Specification. 


C. Minimum 
Input Setup 
Specification. 
D. Minimum 
Input Hold Specification. 
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Micro Channel 
DATA 
BUFFER 
CONTROL 
386/DMA 
MASTER, 
DATA STEERING 
FOR CHANNEL 
MASTER 
TO CHANNEL 
SLAVE 


READ 
WRITE 
READ 
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TS 
TC 
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TS 
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DS16RTN, 
CD 


DS32RTN 
- 
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SWDIR 
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T30l~ - 


290187-36 


<DT30D applies 
to SWDIR 
only 
when 
all involved 
combinatorial 
data 
size inputs 
(DS16RTN, 
DS32RTN) 
are available 
early enough 
not to delay 
SWDIR. 
®T30A 
and T30K 
apply only to SBHWll' 
and SBLWll', 
and only when the 386 is master. 


lID T30B 
applies 
here when 
DMA data is routed 
to system 
board 
memory 
from the lower half of the data bus (DO-D15) 
to 
the upper 
half (D16-D31). 


inter 
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• 
Address 
Decoder 


• 
DRAM Controller 
... 
Up to Four Banks 
of Page Interleaved 
Memory 
(Max 16M) 


• 
Refresh 
Timer 


• 
Integrated 
1/0 Ports and Registers 


• 
Low Power CHMOS Technology 


• 
100·Pin Plastic Quad Flat Packaging 


(See Packaging 
Spec., 
Order 
# 231369) 


The 82309 Address 
Bus Controller 
provides 
Address 
decoding 
for devices 
on the motherboard, 
including 
the 
shadowed 
DRAM address 
of the ROM BIOS. The Address 
Bus Controller 
also has integrated 
DRAM control- 
ler, Refresh 
Timer and miscellaneous 
registers 
for memory 
control 
and error recovery, 
specifically 
ports EO, 


E1, E3, E4, E5, E7 and 103. 


The 82309 Address 
Bus Controller 
provides 
the designer 
several price/performance 
choices 
for the configura- 
tion of up to 16 MBytes of Page Interleave 
DRAM memory 
on the motherboard. 
Up to four banks of 256K, 1M 
and 4M DRAMs 
are supported. 


The 82309 
Address 
Bus Controller 
generates 
periodic 
refresh 
requests 
to the 82307 
DMA controller 
to run 


refresh cycles. The 82309 does not use the Refresh Address 
generated 
by the DMA controller 
but provides 
its 
own refresh 
address 
to the 256K, 
1M and 4M DRAMs. 
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ROIo4ENN 


RAIo4ENN 


10ENN 


ADDRESS 
LCSCSN 


DECODER 
VIo4SELN 


EXENN 


FRQN 


POS 
REGISTERS! 
PORTS 


System D provides 
a Model 50/60 
compatible 
defini- 
tion of port 103 and a Model 80 compatible 
definition 
of ports EO-E7. 
This system 
is targeted 
for designs 
that wish to present 
a Model 
50/60 
port definition, 
but wish 
to make 
use of features 
provided 
in the 
Model 80 register 
set, specifically 
the ability to copy 
ROM into RAM for increased 
performance. 
This sys- 
tem 
requires 
external 
logic 
(approx. 
% of a 16L8 
PAL) that essentially 
makes 
EO-E7 
disappear 
from 
a software 
point 
of view 
once 
the 
ROM 
has been 
copied 
into RAM. (Details are provided 
in the 82311 
Micro 
Channel 
Compatible 
Peripheral 
Chip Set De- 
signer's 
Guide.) 


Configuration 
bits SS1 and SS2 control 
the function 
of the Ports and Register 
Block. The Ports and Reg- 
ister Block, 
in turn, control 
the function 
of the Re- 
fresh Timer and the address 
mapping 
of the mother- 
board DRAMs 
and the BIOS EPROMs. 


SS1 and SS2 essentially 
select 
one of four defini- 
tions of the memory 
encoding 
registers 
(EO, E1), er- 
ror trace registers 
(E3, E4, E5, E7), and motherboard 
POS setup port (103). These defintions 
are depicted 
in Table 0, and go by the names System 
A, System 
B, System 
C and System 
D. 


System 
A presents 
a Model 
50/60 
compatible 
defi- 
nition of these ports. Specifically, 
Port 103 is defined 
as it is in the IBM PS/2 
Model 50/60 
Technical 
Ref- 
erence 
and ports EO-E7 
are non-existent. 
System 
B 
presents 
a Model 
80 compatible 
definition 
of these 
ports, as detailed 
in the IBM PS/2 
Model 80 Techni- 


cal Reference. 


In systems A and D, bit 0 (the Memory 
Enable Bit) is 
the only accessible 
bit in Port 103. This bit can be 
accessed 
via channel 
I/O Read andlor 
Write opera- 
tions. When Port 103 is read only bit 0 is driven, 
all 
other data bus bits remain tristated. 
This bit is set to 
a 1 by RESET. When the Memory 
Enable Bit = 0 all 
of the motherboard 
DRAM 
is disabled 
(but still re- 
freshed). 
In both systems 
A and D, the refresh timer 
produces 
a 400 ns pulse every 15.12 f-Ls.In system 
D, mapping 
is controlled 
by ports EO and E1, as de- 
scribed 
in a moment. 
In system 
A, the other 
func- 
tions of the ports and register 
block are as follows: 


- 
The Split in the first megabyte 
is located 
at 640 
Kbytes. 


- 
If 
the 
motherboard 
DRAM 
space 
equals 
16 Mbytes then the remaining 
DRAM is disabled, 
otherwise 
the 
remaining 
384 
Kbytes 
are 
re- 
mapped 
to the first 384 Kbytes 
past the end of 


Table O. Configuration 
Bits SS1, SS2 Definition 


System 
B has a limitation 
in that due to the definition 
of the card enable bits in ports EO and E1 (described 
later), it is limited to 4 Mbytes of system board mem- 
ory. System 
C overcomes 
this by making 
the card 
enable 
bits 
"free 
form"; 
i.e., accessible 
as read/ 
write 
bits, 
but 
otherwise 
meaningless 
in terms 
of 
their effect on the system. System C allows a Model 
80 type system to provide up to 16 Mbytes of system 
board memory. 


Config 
Bits 
System 
Description 
SS1 
SS2 


0 
0 
A 
Model 50/60 
Compatible 
Port 103(1) 
Registers 
EO-E7 
Non-Accessible 


1 
0 
B 
Model 80 Compatible 
Port 103 
Error Trace Registers 
E3, E4, E5 and E7 Accessible 
Memory Encoding 
Registers 
EO and E1 Accessible 
Compatible 
Card Enable Bits in EO and E1 


1 
1 
C 
Model 80 Compatible 
Port 103 
Error Trace Registers 
E3, E4, E5 and E7 Accessible 
Memory 
Encoding 
Registers 
EO and E1 Accessible 
Free Form Card Enable Bits In EO and E1 


0 
1 
D 
Model 50/60 
Compatible 
Port 103 
Error Trace Registers 
E3, E4, E5 and E7 ACcessible 
(But Not Typically 
Used) 
Memory 
Encoding 
Registers 
EO and E1 Accessible 
Free Form Card Enable Bits In EO and E1 


NOTES: 
1. Port 103 is a motherboard 
POS port; i.e., accessible 
only when 
the motherboard 
is in Setup 
Mode. 


• 


the 
motherboard 
DRAM 
address 
space. 
(Le., if 
there 
are 4 Mbytes 
of DRAM 
then 
the 
split 
is 
remapped 
to address 
00400000 
-- 
0045FFFF.) 


- 
The 
BIOS 
EPROMs 
are 
mapped 
to 
both 
OOOEOOOO-- 
OOOFFFFF and 
FFFEOOOO-- 
FFFFFFFF. 


In systems 
Band 
C, port 103 is defined 
as follows: 


- 
Port 
103 bit 0 (the 
Memory 
Enable 
Bit) is not 
accessible. 


- 
Port 103 bit 1 (the Refresh 
Rate Bit) is accessi- 
ble for write operations 
only. If this bit is a 1 then 
the 
Refresh 
Timer 
produces 
an approximately 
400 ns long pulse once every 15.12 IJos.If this bit 
is a 0 then the Refresh 
Timer produces 
a contin- 
uous stream 
of 400 
ns pulses 
with a period 
of 
approximately 
800 
ns. This bit is set to a 1 by 
RESET. 


In systems 
B, C and D, ports EO, E1, E3, E4, E5 and 
E7 are defined 
as follows: 


- 
Four of the Read only Micro Channel 
Error Trace 
Registers 
(Ports 
00E3, 
00E4, 
00E5 
and 00E7) 
are accessible. 
(Typically, 
a system 
D design will 
not utilize 
these 
registers 
and will thus 
not re- 
quire any external 
logic to implement 
any error 
register 
support.) 
These 
registers 
sample 
SA<02:23>, 
M/IO#, 
D/C# 
and 
ARB/GNT# 
on every rising edge of the ERS input pin. The bit 
assignments 
for these 
registers 
are as follows: 


Bit 
OOE3 
OOE4 
OOE5 
OOE7 


7 
SA23 
SA15 
SA07 
- 
6 
SA22 
SA14 
SA06 
- 
5 
SA21 
SA13 
SA05 
- 
4 
SA20 
SA12 
SA04 
- 
3 
SA19 
SA11 
SA03 
- 
2 
SA18 
SA 10 
SA02 
- 
1 
SA17 
SA09 
M/IO# 
- 
0 
SA16 
SA08 
ARB/GNT# 
D/C# 


These 
four 
registers 
are all set to 00 by RESET. 
When 
Register 
E7 is read, 
only 
data 
bus bit 0 is 
driven by the ABC, data bus bit 1- 7 remain tristated. 


- 
Registers 
EO and E1 are accessible 
via the chan- 
nel for both 
1/0 
read and 1/0 write 
operations. 
These two registers 
control 
the address 
mapping 
of both the motherboard 
DRAMs 
and the BIOS 
EPROMs. 
(The reset state of EO and E1 is FF.) 
The 
two 
most 
significant 
bits of both 
of these 
registers 
are free form register 
bits and have no 
effect 
on the functioning' 
of the ABC. The func- 
tioning 
of the two next most significant 
bits (bits 
5 & 4, the card enable 
bits) of both of these reg- 
isters 
are 
controlled 
by configuration 
bits 
SS2 
and SS1 as discussed 
in a moment. 


- 
The four least significant 
bits (bits 3, 2, 1 & 0) of 
register 
E1 are defined 
as follows: 
Bit 
321 
0 
o 
- Memory 
beyond 
split Enabled 


1 
- Memory 
beyond 
split Disabled 
o 
- Split is at 640K (OOOAOOOO) 
1 
- Split is at 512K (00080000) 
o 
- BIOS ROMs deactivated 
in 
OOOEOOOOto OOOFFFFF 
BIOS ROMs active in 


FFFEOOOOto FFFFFFFF 


Shadow 
RAM Write Protected 
- BIOS ROMs active in OOOEOOOO 
toOOOFFFFF 


BIOS ROMs active in 
FFFEOOOOto FFFFFFFF 
Shadow 
RAM Writeable. 
o 
- Parity Checking 
enabled 


1 
- Parity Checking 
disabled 


If the memory 
beyond 
the Split is enabled 
by bit 3 
then the four least significant 
bits (bits 3, 2, 1 & 0) of 
register 
OOEO define 
the address 
range 
in memory 
where 
the portion 
of the first 
megabyte 
of system 
RAM beyond 
the split will be remapped. 
Bits 3, 2, 1 
& 0 of this register 
correspond 
to address 
bits 23, 
22, 21 & 20 of the remap location 
for this memory. 


Bit 2 of register 
E1 defines 
the partitioning 
of the 
first megabyte 
of the motherboard 
DRAM. Figure 
o details the effect of this bit. The S in the remap 
addresses 
represents 
the value of the four least 
significant 
bits of register 
EO. 


00000ooo 


to 


0009FFFF 


oosooooo 


to 


00S3FFFF 


oooEoooo 


to 


OOOFFFFF 


9FFFF 


AOooo 


DFFFF 


Eoooo 


0000ססoo 


to 


0007FFFF 


00500000 


to 


ooS5FFFF 


oooEoooo 


to 


OooFFFFF 


7FFFF 


8ססoo 


DFFFF 


EOOOO 


FFFFF 
FFFFF 


Figure o. Partition 
of First Megabyte 
of DRAM 


inter 


There 
is DRAM 
mapped 
in the 
address 
range 
OOOEOOOOto 
OOOFFFFF. The 
function 
of this 
DRAM is controlled 
by bit 1 of register 
E1. If bit 1 
= 1 then this RAM is writeable 
but not readable 
(thus the BIOS EPROMs 
can be Shadowed 
by 
Reading 
and Writing to the same address). 
If bit 
1 = 0 then the BIOS EPROMs 
are disabed 
and 
this area of RAM is read enabled 
but write pro- 
tected. 


When 
bit 
1 of 
register 
E1 
is 
a 
1 both 
the 
ROMEN # 
and 
the 
RAMEN # 
signals 
will 
re- 
spond 
to accesses 
in the 
range 
OOOEOOOOto 
OOOFFFFF. In this way, the 82308 Bus Controller 
knows to direct reads to ROM and writes to RAM 
to allow 
shadowing. 
(In system 
D, if memory 
is 
disabled 
via bit 0 of port 
103, then ROM is en- 
abled 
in OOOEOOOOto OOOFFFFF, regardless 
of 
the status of bit 1 in E1.) 


Bit 0 of register 
E1 is output to the Bus Controller 
on the PCE # pin for use as an (active low) Parity 
Check 
Enable control 
bit. 


In system 
B, the amount 
of the physical 
mother- 
board 
DRAM that is accessable 
is controlled 
by 
the card enable 
bits (bits 5 and 4 of registers 
EO 
and E1). These 
four bits act as enables 
(active 
low) for each 
of the first four megabytes 
of the 
physical 
motherboard 
DRAM 
space. 
Any 
addi- 
tional 
DRAM 
controlled 
by the ABC will be re- 
freshed 
but is otherwise 
disabled. 


Register 


EO 
E1 
Function 


Bit 5 Bit 4 
Bit 5 Bit 4 


0 
X 
X 
X 
Megabyte 
# 3 Enabled 
1 
X 
X 
X 
Megabyte 
# 3 Disabled 
X 
0 
X 
X 
Megabyte 
# 2 Enabled 
X 
1 
X 
X 
Megabyte 
# 2 Disabled 
X 
X 
0 
X 
Megabyte 
# 1 Enabled 
X 
X 
1 
X 
Megabyte 
# 1 Disabled 
X 
X 
X 
0 
Megabyte 
#0 Enabled 
X 
X 
X 
1 
Megabyte 
# 0 Disabled 


All megabytes 
that are enabled 
by these bits are 
mapped 
into one continuous 
block (with the ex- 
ception 
of the Split from 
the first active 
mega- 
byte) 
starting 
at 
address 
00000000. 
(Thus 
if 
megabyte 
# 0 is disabled, 
then 
the 
rest of the 
megabytes 
are 
remapped 
down 
to 
the 
range 
00000000 
to 002FFFFF, 
etc.) 


In systems 
C and D, bits 5 and 4 of both regis- 
ters 
EO and E1 are free form 
register 
bits and 
have no effect 
on the functioning 
of the ABC. 


NOTE: 
During 
pipelined 
mode, 
an accidental 
write 
to 
Port 
EOh with 
E1h data 
can 
occur 
when 
the 
latched 
.addresses 
(A2:AO) 
are 
allowed 
to 
change 
to the 
next 
address 
(pipelined) 
before 
the write 
strobe 
(UCCMD#) 
goes 
inactive. 
For 
example, 
this 
can occur 
when 
(A2:AO) change 
from 
"000" 
to "001" 
while 
UCCMD# 
is active. 


This condition 
is not seen on designs 
which 
use 
• 
the Intel Cache Controller 
(82385), 
since it does 
not allow 
pipelining 
for I/O write 
cycles. 
In sys- 
tems without 
an 82385, 
UCMMD# 
must be sy- 
chronized 
prior 
to 
being 
input 
to 
the 
82309 
CMD# 
pin. The 
workaround 
that 
follows 
pro- 
vides a comprehensive 
solution 
independent 
of 
software 
sequeoce. 
UCMMD# 
must be "ORed" 
with the result of the inverted 
82308 
lOW signal 
"NORed" 
with 
DMARDY #. 
DMARDY # 
is syn- 
chronized 
from the 82308 
PRDYO# 
signal. The 
latch 
that 
generates 
DMARDY # 
is shown 
on 
Sheet 
4 in the 82311 
Micro Channel 
Peripheral 
Chip Set Designer's 
Guide schematics. 


The 
DRAM 
controller 
supports 
page 
interleaved 
memory 
designs 
in the configurations 
shown 
in Ta- 
ble 1. This table also details 
which channel 
address 
bits 
map to which 
DRAM 
address 
bits. 
Note 
that 
even though 
options 
D and G are two-bank 
options, 
the ABC thinks of these banks as 0 and 2, not banks 
o and 1, i.e., use RASO, RAS2, CASO# 
and CAS2#. 


Table 
1 describes 
the basic memory 
configurations 
A through 
N. However, 
a wide variety 
of additional 
options 
can 
be 
easily 
realized 
by 
building 
on 
A 
through 
N with minimal external address 
decode 
log- 
ic. These additional 
options 
include the ability to mix 
DRAM types 
(for example 
256K and 1M DRAMs 
in 
the same system), 
and allow for a great deal of flexi- 
bility in memory 
upgrade 
paths. Examples 
of how to 
do this 
are included 
in the 82311 Micro 
Channel 
Compatible 
Peripheral 
Chip Set Designer's 
Guide. 
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Figure 1. BHE # , BE # , AO Latch Control 


fCES# 
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Opt 
Size 
Memory 
Configuration 
Options 
Page 
Size 


A 
1M 
1 Bank of 256K 
DRAMs 
(x 32) Page Mode 
512 


B 
1M 
2 Banks 
of 256K 
DRAMs 
(x 16) Page Mode 
512 
C 
2M 
1 Bank of 1M DRAMs 
(x 16) Page Mode 
1024 


D 
2M 
2 Banks 
of 256K 
DRAMs 
(x 32) Page Mode 
512 


E 
2M 
4 Banks of 256K 
DRAMs 
(x 16) Page Mode 
512 
F 
4M 
1 Bank of 1M DRAMs 
(x 32) Page Mode 
1024 


G 
4M 
2 Banks 
of 1M DRAMs 
(x 16) Page Mode 
1024 


H 
4M 
4 Banks 
of 256K DRAMs 
(x 32) Page Mode 
512 


I 
8M 
1 Bank of 4M DRAMs 
(x 16) Page Mode 
2048 
J 
8M 
2 Banks 
of 1M DRAMs 
(x 32) Page Mode 
1024 


K 
8M 
4 Banks 
of 1M DRAMs 
(x 16) Page Mode 
1024 


L 
16M 
1 Bank of 4M DRAMs 
(x 32) Page Mode 
2048 


M 
16M 
2 Banks 
of 4M DRAMs 
(x 16) Page Mode 
2048 
N 
16M 
4 Banks 
of 1M DRAMs 
(x 32) Page Mode 
1024 


Opt 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 
09 
08 
07 
06 
05 
04 
03 
02 
01 
00 


A 
'Ps 
Ps 
Ps 
Ps 
Ps 
Ps 
Ps 
Ps 
Ps 
Ws 
Ws 
Ws 
Ws 
Ws 
Ws 
Ws 
Ws 
Ws 


B 
Ps 
Ps 
Ps 
Ps 
Ps 
Ps 
Ps 
Ps 
Ps 
Bs 
Ws 
Ws 
Ws 
Ws 
Ws 
Ws 
Ws 
Ws 
Ws 
C 
Ps 
Ps 
Ps 
Ps 
Ps 
Ps 
Ps 
Ps 
Ps 
Ps 
Ws 
Ws 
Ws 
Ws 
Ws 
Ws 
Ws 
Ws 
Ws 
Ws 


D 
Ps 
Ps 
Ps 
Ps 
Ps 
Ps 
Ps 
Ps 
Ps 
Bs 
Ws 
Ws 
Ws 
Ws 
Ws 
Ws 
Ws 
Ws 
Ws 
E 
Ps 
Ps 
Ps 
Ps 
Ps 
Ps 
Ps 
Ps 
Ps 
Bs 
Bs 
Ws 
Ws 
Ws 
Ws 
Ws 
Ws 
Ws 
Ws 
Ws 
F 
Ps 
Ps 
Ps 
Ps 
Ps 
Ps 
Ps 
Ps 
Ps 
Ps 
Ws 
Ws 
Ws 
Ws 
Ws 
Ws 
Ws 
Ws 
Ws 
Ws 
G 
Ps 
Ps 
Ps 
Ps 
Ps 
Ps 
Ps 
Ps 
Ps 
Ps 
Bs 
Ws 
Ws 
Ws 
Ws 
Ws 
Ws 
Ws 
Ws 
Ws 
Ws 
H 
Ps 
Ps 
Ps 
Ps 
Ps 
Ps 
Ps 
Ps 
Ps 
Bs 
Bs 
Ws 
Ws 
Ws 
Ws 
Ws 
Ws 
Ws 
Ws 
Ws 


I 
Ps 
Ps 
Ps 
Ps 
Ps 
Ps 
Ps 
Ps 
Ps 
Ps 
Ps 
Ws 
Ws 
Ws 
Ws 
Ws 
Ws 
Ws 
Ws 
Ws 
Ws 
INs 
J 
Ps 
Ps 
Ps 
Ps 
Ps 
Ps 
Ps 
Ps 
Ps 
Ps 
Bs 
Ws 
Ws 
Ws 
Ws 
Ws 
Ws 
Ws 
Ws 
Ws 
Ws 


K 
Ps 
Ps 
Ps 
Ps 
Ps 
Ps 
Ps 
Ps 
Ps 
Ps 
Bs 
Bs 
Ws 
Ws 
Ws 
Ws 
Ws 
Ws 
Ws 
Ws 
Ws 
Ws 


L 
Ps 
Ps 
Ps 
Ps 
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Ps 
Ps 
Ps 
Ps 
Ps 
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Ws 
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Ws 
Ws 
Ws 
Ws 
Ws 
Ws 
Ws 
Ws 
Ws 


M 
Ps 
Ps 
Ps 
Ps 
Ps 
Ps 
Ps 
Ps 
Ps 
Ps 
Ps 
Bs 
Ws 
Ws 
Ws 
Ws 
Ws 
Ws 
Ws 
Ws 
Ws 
Ws 
Ws 
N 
Ps 
Ps 
Ps 
Ps 
Ps 
Ps 
Ps 
Ps 
Ps 
Ps 
Bs 
Bs 
Ws 
Ws 
Ws 
Ws 
Ws 
Ws 
Ws 
Ws 
Ws 
Ws 


NOTE: 
Options 
A, C. F. I & L use Bank 0 
Options 
D & G use Bank 0 & 2 
Options 
B. J & M use Bank 0 & 1 
Options 
E. H. K & N use all Banks 


Opt 
Ps 
Ws 
Bs 


10 
09 
08 
07 
06 
05 
04 
03 
02 
01 
00 
10 
09 
08 
07 
06 
05 
04 
03 
02 
01 
00 
01 
00 


A 
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21 
13 
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18 
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02 
10 
03 
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08 
07 
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04 
11 
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22 
21 
20 
12 
13 
19 
18 
17 
16 
15 
14 
01 
11 
02 
10 
03 
09 
08 
07 
06 
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16 
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02 
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08 
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>< 
21 
20 
22 
13 
19 
18 
17 
16 
15 
14 
>< 
01 
02 
10 
03 
09 
08 
07 
06 
05 
04 
11 
12 
L 
23 
21 
20 
22 
13 
19 
18 
17 
16 
15 
14 
12 
11 
02 
10 
03 
09 
08 
07 
06 
05 
04 
>< 
>< 


M 
23 
21 
20 
22 
13 
19 
18 
17 
16 
15 
14 
01 
11 
02 
10 
03 
09 
08 
07 
06 
05 
04 
>< 
12 


N 
>< 
21 
20 
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23 
19 
18 
17 
16 
15 
14 
>< 
11 
02 
10 
03 
09 
08 
07 
06 
05 
04 
13 
12 
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Typically, 
zero wait state pipelined 
page hit perform- 
ance 
can be achieved 
at 16 MHz using 
100 ns or 
120 ns DRAMs, 
resulting 
in an aggregate 
of 0.5 to 
0.8 wait 
states 
on average. 
The 
same 
DRAMs 
at 
20 MHz will yield 1 wait state page hits. 


At 
power-up, 
the 
82309 
Address 
Bus 
Controller 
samples 
its memory 
address 
bus to determine 
the 
desired 
system 
configuration. 
(This operation 
is de- 
scribed 
in detail later in the data sheet under "MAD 
BUS RESET CONFIGURATION".) 
The three config- 


uration switches, 
CO, C1 and C2 are used to select a 


specific 
performance 
level as measured 
in page hit! 


page miss wait states. 
DRAM selection 
involves 
not 


only selecting 
a DRAM, but also choosing 
delay line 
taps to control 
the sequence 
of DRAM 
control 
sig- 
nals, and then choosing 
the performance 
level that 


can be reliably 
supported 
using a particular 
DRAM 
and set of delay 
line taps. The next several 
pages 
describe 
all the available 
configuration 
options, 
and 
following 
this is a DRAM/Delay 
Tap selection 
guide 
along with some sample 
calculations. 


Config Inputs 
Pipelined 
Pipelined 
Non-Pipelined 
Non-Plpelined 
Reference 
Read 
Write 
Read 
Write 
Figures 
CO 
C1 
C2 
Hit 
Miss 
Hit 
Miss 
Hit 
Miss 
Hit 
Miss 


0 
0 
0 
0 
2 
1(2) 
2 
1 
3 
1(2) 
3 
1,4 


0 
0 
1 
0 
3 
1(2) 
3 
1 
4 
1(2) 
4 
1,4 


0 
1 
0 
0 
4 
1(2) 
4 
1 
5 
1(2) 
5 
1,4 


0 
1 
1 
1 
4 
1 
4 
2 
5 
2 
5 
2,5 


1 
0 
0 
1 
5 
1 
5 
2 
6 
2 
6 
2,5 


1 
0 
1 
1 
6 
1 
6 
2 
7 
2 
7 
2,5 


1 
1 
0 
1 
7 
1 
7 
2 
8 
2 
8 
2,5 


1 
1 
1 
2 
7 
2 
7 
3 
8 
3 
8 
3,5 


NOTES: 
1. These three configuration options feature OWSpipelined page read hits. Strapping for one of these directs the ABC to 
determine whether a cycle is a page hit or miss, and to generate CAS# one SCLK phase earlier then the other options. 
Hence, these options are only supported at 16 MHz. 
2. Note that both pipelined and non-pipelined write page hits run 1WS in these three configuration options. 
3. The ABC completely controls the wait state counts in memory cycles according to this table via its FCES# output. The 
BC can however, (via its WS# strap) insert an additional wait state beyond those stated above in memory reads. (The WS# 
strap is intended for cache systems, which typically require additional data setup.) 
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FCES' 
FIRED NON-CAUSALLY 
(BEFORE HITIIoIISS OUTCOIoIEIS KNOWN). SO 
BOTH SPECS T20A AND T20B APPLY 


DE-ACTIVATE 
FCES' 
SINCE IoIEIoI WRITES 
CANNOT RUN 0WS 
PIPELINED 


ACTIVATE FCESI 
TO 
END WRITE (FCESI 
IS FIRED 
CAUSALLY HERE. SO ONLY T20A 
APPLIES.) 


EVEN THOUGH THIS IS A T2P STATE. 
THE ABC DOES NOT SEE A NEW ADDRESS. 
IoIADE·2•• OR 101/101 UNTIL THE NEXT T2P. 
SINCE THE BC DOES NOT OPEN THE 
TRANSPARENT CHANNEL ADDR LATCH UNTIL THE 
BEGINNING OF THE LAST STATE OF A 
NON-BROADCAST 
DRAIoI CYCLE. 


NOTE: 
Once 
the ABC fires FCES# 
to terminate 
a DRAM 
cycle. 
it remains 
active 
until the ABC detects 
the actual 
CPU end of 
cycle 
via the PRDYI# 
input. This allows 
the BC or any other 
external 
device 
to extend 
DRAM 
cycles 
if desired. 


Figure 2. 0/2, 0/3, 0/4 
Page Hits 
(Cycles Named According 
to Pipellned 
Read Performance) 


Figure 3.1/4,1/5,1/6,1/7 
Page Hits 
(Cycles Named According to Pipe lined Read Performance) 
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F"CES' 
IS F"lRED NON-CAUSALLY 


IN ANTICIPATION 
OF A HIT, 
BUT IS 
THEN 
NEGATED 
ONCE 
THE HIT/MISS 


OUTCOME 
IS I<NOWN. 


WHEN 
STRAPPED 
FOR 0/2.0/3.0R 
0/ 
•• 


THE 
HIT/MISS 
DECISION 
IS MADE 
AT THE 
PHASE 
2 SCLI< 
EDGE IN THE MIODLE 


OF" EITHER TIP OR THE FIRST 
T2. 
THE 
EQUIVALENT 
DECISION 
POINT 
fOR 
ANY 
OTHER 


,STRAPPING 
IS ONE SCLI< 
PHASE 
LATER. 


} 


THE 
BC LATCHES 
THE CHANNEL 
ADDR 


(VIA 
ITS SAL 
OUTPUT) 
AND 
HOLDS 
IT 


UNTIL 
THE BEGINNING 
OF THE LAST 


CYCLE 
STATE. 
HENCE, 
THE ABC 
ONLY 


EffECTIVELY 
SEES 
ONE 
STATE 
Of 
PIPELINEO 
ADDR, 
EVEN 
THOUGH 
THE 
CPU 
EXECUTES 
MULTIPLE 
T2P 
STATES. 


Figure 5. 0/2, 0/3, 0/4 Page Misses (Diagram Depicts 0/3 Operation. 


In 0/2, FCES# Fired One State Earlier. In 0/4, FCES# Fired One State Later.) 
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Figure 6.1/4,1/5,1/6,1/7,2/7 
Page Misses (Diagram Depicts 
1/5 Operation. 
FCES# is Fired One State Earlier in 1/4 Operation, 
One State Later in 1/6 
Operation, 
and Two States Later in Either 1/7 or 2/7 Operation.) 
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This chapter 
Illustrates 
the methods 
that should be used to determine 
the delay line taps for a given DRAM, 
and the nUJTlber of wait states a given DRAM will require. 


The Flow Chart below should be used to select a DRAM/Delay 
line tap combination 
that meets the perform- 
ance requirements 
of a system. 


USING PHASE COUNTS DERIVED fROM 
TABLE 3, VALIDATE THE DRAM SELECTION 
USING EQUAnONS 
7 &c 8 


If THE DRAM DOES NOT MEET THE REQUIREMENTS 
EITHER CHANGE THE CHOICE Of 
DRAMS AND 
RECALCULATE 1 - 8, OR CHANGE THE PERfORMANCE 
EXPECTATIONS 


If THE DRAM MEETS THE REQUIREMENTS BY A LARGE 
MARGIN A SLOWER DRAM COULD BE USED OR THE 
PERfORMANCE 
EXPECTATIONS CAN BE INCREASED 


• 


Function of the 4 Delay Line Taps 


DLY1- 
Guarantees max. DRAM data from CHRDY 
on Micro Channel 
DLY2- 
Guarantees the minimum RAS to CAS de- 
lay and DRAM address setup to CAS 
DLY3- 
Guarantees min. RAS# precharge time 
DLY4- 
Guarantees min. address hold to RAS# 


Simplified DRAM Tap Selection 
Equations 


Two access time parameters have been derived, 
one for hits (Th) and one for misses (Tm). These are 
the time from the decision to start a DRAM access 
to the time that data is available to the motherboard 
CPU. 


DLY3 + Trac (Max) + K2 
(RAS Path Limited) 
(6a) 


DL Y3 + DL Y2 + Tcac 
(Max) + K3 
(CAS Path Limited) 


The constants K1, K2 and K3 in equations 5 and 6 
are simply a sum of all the propagation delay ele- 
ments in the appropriate data access path including 
capacitive load derating: 


K1 = ABC CAS # DLY + CAS# 
BUFFER 
DLY 
(T41 A) 
(INCLUDE 
DERATE) 


+ DATA BUFFER 
DLY = 445 
('F657) 
. 


K2 = ABC DSTB DL Y + NOR GATE DL Y 
(T32E) 
('AS02) 
+ ABC RAS DL Y + 
RAS BUFFER 
DL Y 
(T32G) 
(INCLUDE 
DERATE) 
+ DATA BUFFER 
DLY = 79 
('F657) 


K3 = ABC DSTB DLY + 2X NOR GATE DLY 
(T32E) 
('AS02) 
+ ABCCAS# 
DLY + CAS# 
BUFFER 
DLY 
(T34) 
(INCLUDE 
DERATE) 


+ DATA BUFFER 
DLY = 81 5 
('F657) 
. 
(See Figure 6 for a diagram of the timing model 
used.) 
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80386 
80386/82385 
80386SX 


Figure 7. DRAM Timing Analysis Model 


Tables 2 and 3 define the number of DRAM wait states that the motherboard 
CPU will see for all combinations 
of the configuration 
bits CO, C1 and C2. 


Table 3. Configuration 
and DRAM Calculation 
Clock Phase Counts 


Config Inputs 
SCLK 
Phases 


CO 
C1 
C2 
PH 
PM 


0 
0 
0 
3 
7 


0 
0 
1 
3 
9 


0 
1 
0 
3 
11 


0 
1 
1 
4 
10 


1 
0 
0 
4 
12 


1 
0 
1 
4 
14 


1 
1 
0 
4 
16 


1 
1 
1 
6 
16 


+++iliJr- 


PH=3 


~1 
T,2 
T~P 


, 
, 
, 
, 
, 


-H+-HlIJJ- 


H=- 


~1 
T,2 
1,2 
T~P 


I 
, 
I 
I 
I 
, 
I 
I 


NOTES: 
1. The phase 
counts 
are from 
the clock 
edge that either 
fires CAS# 
(Hit) or fires DSTB 
(Miss) to the end of cycle, 
as 
shown 
above. 


2. Cache 
systems 
typically 
require 
additional 
read data setup. The BC WS# 
(Wait State) 
strap inserts 
an additional 
wait 
state into system 
board 
memory 
reads, and can be used to accommodate 
this increased 
setup if required. 
If WS# 
is tied 
low, then the phase 
counts 
above 
all increase 
by two. 


After Th and Tm have been calculated the perform- 
ance expectations of the DRAM can be checked. 


First the number of clock phases both hit and miss 
DRAM cycles are allowed are calculated. For Con- 
figurations 0, 1 & 2 this is 2 X the number of non- 
pipelined waitstates + 1. For other Configurations 
this is just 2 X the number of non-pipelined wait- 
states. The phases for hits are called Ph, Pm for 
misses. 


Two examples of Delay Line Tap Selection and 
DRAM Performance Verification are given below, 
one for an 80386 system and one for an 80386SX 
system. 


Sample 
Calculation~0386 
20 
MHz 
100 
ns 
DRAMs 1/5 Performance 


Key Specs (ns) 
Trac 
100 
Trp 
80 
Trah 
15 
Trcd 
25 
Tasc 
0 
Tcac 
35 


DLY2 = Tred + 10 = 25 + 10 = 35ns 
or 


= Tase + Trah + 30 = 0 + 15 + 30 = 45ns 


DLYl 
= Trae 
- 
10 = 100 - 
10 = 90 ns 
or 


= Tred + Teae = 25 + 35 = 60 ns 
or 


= Tase + Trah + Teae + 20 
= 0 + 15 + 35 + 20 = 70 ns 


Delay Line Summary 
DLY1 
90 
DLY2 
45 
DLY3 
80 
DLY4 
25 


Page Miss Access 
Time & Performance 
Tm is the maximum of EON 6a and 6b. 


Tm = DLY3 + Trae + 79 
= 80 + 100 + 79 = 259 


Sample Calculation-80386SX 
16 MHz 
100 ns 
DRAMs 


Delay Line Summary 
DLY1 
75 
DLY2 
45 
DLY3 
80 
DLY4 
25 
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The ABC samples 
the MAD bus at the falling edge of 
RESET 
to 
determine 
system 
configuration 
as 


shown: 


MAD Bus Bits 
Options 
10 9 
8 
7 
6 
5 
4 
3 
2 
1 0 


0 
0 
256K DRAMs 


0 
1 
1M DRAMs 


1 
1 
4M DRAMs 


0 
32 Bit Memory 


1 
16 Bit Memory 


0 
SSl 
= 0 


1 
SSl 
= 1 


0 
0 
Invalid 


0 
1 
Single Bank 


1 
0 
Two Banks 


1 
1 
Four Banks 


0 
Reserved 


1 
Normal Mode 


0 
C2 = 0 


1 
C2 = 1 


0 
Cl 
= 0 


1 
Cl 
= 1 


0 
CO = 0 


1 
CO = 1 


0 
SS2 = 0 


1 
SS2 = 1 


NOTES: 
1. When 
either 
MAD09 
or MAD10 
is sensed 
as a zero, 
it's 


output 
driver 
is tri-stated, 
thus 
allowing 
these 
two 
pins 
to 


be tied directly 
to ground. 
For example, 
if 1M DRAMs 
are 


used, 
MAD10 
should 
be tied to ground, 
since 
1M DRAMs 


only require 
use of bits 0-9. 
MD09 
should 
be lightly 
pulled 


up (- 
10K). 


2. For MAD bits 0-8, 
any bit that is to be sensed 
as a one 


should 
be lightly 
pulled 
up. Any bit that 
is to be sensed 
as 


a zero must be driven 
low by a tri-state 
driver that is active 


while 
the 
ABC 
RESET 
input 
is active, 
and 
then 
tri-stated 


from the falling 
edge of RESET, 
as depicted 
in the figure: 


tolADX 


RESET 


290188-10 


3. MAD4 
sensed 
as a 0 is a reserved 
state. This bit should 


be lightly 
pulled 
up. 


4. MADO is typically 
configured 
low for an 80386 
system, 


and high for an 80386SX 
system. 


5. MAD1 and MAD8 are respectively 
the system 
select 
bits 


SSl 
and SS2. These 
bits determine 
the definition 
of ABC 


ports 'EO, E1 and 103, as described 
in the section 
on ABC 


ports and registers. 
6. 
MAD5, 
MAD6 
and 
MAD? 
are 
respectively 
the 
DRAM 


performance 
select 
bits C2, C1 and CO. The effect 
of these 


bits is described 
in the DRAM 
control 
section. 


Signal 
Pin 
1/0 
Description 
Name 
Number 


A<00:23> 
42-50, 
I 
Micro Channel Address 
0 to 23 
53-67 


HIMEM# 
84 
I 
Micro Channel Address 
24 to 31 = FF (Active Low). Used in 
decoding 
the top-of-memory 
mapping of the BIOS EPROMs. 


MADE24 
85 
I 
Micro Channel 
Address 
24 to 31 = 00 (Active High) 


ROMEN# 
32 
0 
EPROM Decode. 
In systems that support 
shadow 
RAM, if ROM is 
enabled 
(bit 1 in port E1), accesses 
to ROM space actually generate 
both ROMEN # and RAMEN #. In this mode, reads are from ROM, 
and writes are to RAM. 


RAMEN# 
33 
0 
DRAM Decode 


10EN# 
34 
0 
Motherboard 
1/0 devices decode 
(Active Low). Decode also 
includes 
memory decode 
of video RAM. 


LCSCS# 
35 
0 
Chip Select for the LCS (82306) Chip (Active Low). Decodes 
address 
range 0-3FFH 
when CPU master, or 100-3FFFH 
when CPU is not 
master. 


VMSEL# 
36 
0 
VGA Memory Space Selected 
(Active Low) (OOOAOOOO-OOOBFFFF) 


SO# 
89 
I 
Micro Channel 
SO# Signal 


S1# 
90 
I 
Micro Channel S1 # Signal 


PM/IO# 
41 
I 
Microprocessor 
M/IO# 
Signal 


PW/R# 
91 
I 
Microprocessor 
W/R# 
Signal 


PD/C# 
92 
I 
Microprocessor 
D/C# 
Signal 


PADS# 
93 
I 
Microprocessor 
ADS# 
Signal 


SCLK 
94 
I 
Microprocessor 
CLK2 


HLDA 
95 
I 
HLDA Signal from the Processor 


PRDYI# 
96 
I 
READY # Signal from the Processor 


M/IO# 
86 
I 
Micro Channel 
M/IO# 
Signal 


CMD# 
87 
I 
Micro Channel CMD Signal 


inter 


Signal 
Pin 
I/O 
Description 
Name 
Number 


WE 
73 
0 
DRAM Write Enable Signal (Active High) 


RAS<0:3> 
76-79 
0 
DRAM RAS Strobes 
(Active High) 


CAS#<0:3> 
80-83 
0 
DRAM CAS Strobe Enables (Active Low) 


, 


MAD<00:10> 
17-23, 
B 
DRAM Muxed Address 
bus. These signals are sampled 
at reset to 
27-30 
determine 
ABC configuration. 


DSTB 
70 
0 
Output to Delay Line. A pulse put into the delay line controls 
page 
miss timing. 


DLY<1:4> 
12-14,71 
I 
Inputs from the Delay Line. DLY1 controls 
CHRDY timing in non-CPU 
cycles. DLY2 controls 
RAS active to CAS active timing. DLY3 
controls 
RAS precharge, 
and DLY4 controls 
row-to-column 
address 
multiplex. 


CHRDY 
72 
0 
DRAM Ready Signal (Active High) 


REFRESH# 
15 
I 
Refresh Operation 
in Progress (Active Low) 


FCES# 
31 
0 
Request to BC to terminate 
CPU accesses 
to system board memory. 


TINCLK 
40 
I 
14.3 MHz Clock for Refresh Timer 


RFRQ# 
37 
0 
Refresh 
Request 
(Active Low) 
- 


TMRCLK 
39 
0 
14.3 MHz Clock divided by 12 to get 1.19 MHz. 


FRQ# 
68 
0 
Asynchronous 
Cache Flush Request. Activated 
in I/O writes to ports 
EO, E1, or 100-107 
(POS Address 
Space). 


EXEN# 
69 
0 
Read/Write 
Strobe for Ports 00EO-00E7 
(Active Low) 


ERS 
8 
I 
Sampling 
Strobe for Ports 00E2-00E7 


PO 
9 
I 
Select Signal for POS Register 
10X 


ARB/GNT# 
10 
I 
Micro Channel ARB/GNT# 
Signal 


0<0:7> 
97-100, 
I/O 
Data Bus 
3-6 


PCE# 
7 
0 
Enable Parity Checking 
(MER < 0 > ) 


RESET 
11 
I 
Synchronous 
reset input. RESET falling edge used to synchronize 
ABC internal clock to CPU phase. 


NC 
1,25, 
No Connect 
51,52,75, 


VDD 
26,88 
Power 


VSS 
2,16,24, 
Ground 
38, 74 


• 


NC 
VSS 
04 
05 
06 
07 
PCE# 
ERS 
PO 
ARB/GNT# 
RESET 
OLYl 
OLY2 
OLY3 
REFRESH# 
VSS 
t.lAOOO 
t.lADOl 
t.lA002 
t.lA003 
t.lAD04 
t.lA005 
t.lA006 
VSS 
NC 


NC 
VSS 
WE 
CHROY 
OLY4 
OSTB 
EXEN# 
FRO# 
A23 
A22 
A2l 
A20 
A19 
A18 
A17 
A16 
A15 
A14 
A13 
A12 
All 
Al0 
A09 
NC 
NC 


inter 


NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice . 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings only. Operation 
beyond 
the 
"Operating 
Conditions" 
is not recommended 
and ex- 


tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


Case Temperature' 
under Bias 
- 40·C to + 85·C 


Storage Temperature 
- 65·C to + 150·C 


Voltage 
to Any Pin with 
Respect 
to Ground 
- 0.3V to (Vee + 0.3)V 


DC Supply Voltage 
(Vecl 
-0.3V 
to + 7.0V 


DC Input Current 
± 10 mA 


, D.C. CHARACTERISTICS 
Te = O·Cto 
+70·C. 
Vee = 5V ±10% 


Symbol 
Parameter 
Mln 
Max 
Units 
Conditions 


VIL 
Input Low Voltage 
0.8 
V 


VIH 
Input High Voltage 
2.0 
V 


VIL 
Input Low Voltage 
0.8 
V 
SCLK 


VIH 
Input High Voltage 
Vee - 
0.8 
V 
SCLK 


VOL 
Output Low Voltage 
0.4 
V 
10L = 4mA 


VOH 
Output High Voltage 
2.4 
V 
10H = 4mA 


Ice 
Power Supply Current 
180 
mA 
No DC Loads 


III 
Input Leakage Current 
±10 
/LA 
Vss < VIN < Vee 


10Z 
Tri-State 
Output Leakage Current 
±10 
/LA 
VSS < VOUT < Vee 


• 


u'"'"u'" ~uunc~ 
DU;' \,;UN I HULL~H A.C. SPECS 
TC = O°C to + 70°C, VCC = 5V ± 10% 


Symbol 
Parameter 
Kit 16MHz 
Kit 20 MHz Kit 25 MHz CL(PF) Notes 
Min 
Max 
Min 
Max 
Min 
Max 


T1 
SCLKPERIOD 
31.25 
25 
20 
T2A 
SCLK HIGH/LOW 
TIME (50%) 
12 
10 
8 
T2B 
SCLK HIGH/LOW 
TIME (90%) 
8 
6.5 
6 
T3 
RESET SETUP 
10 
10 
10 
T4 
RESET HOLD 
4 
4 
4 
T5A 
STATUS SETUP TO SCLK 
11 
11 
8 
1 
T5B 
CMD# 
SETUP TO SCLK 
11 
11 
8 
1 
T6 
PADS#,PW/R#,PD/C#,PM/IO# 
SETUP 
25 
22 
13 
T7 
PADS#,PW/R#,PD/C#,PM/IO# 
HOLD 
4 
4 
4 
T8 
ADDRESS,M/IO# 
,MADE24,REFRESH 
# SETUP 
10 
10 
10 
T9 
ADDRESS,MIIO# 
,MADE24,REFRESH 
# HOLD 
12 
12 
12 
T10 
ADDRESS, 
M/IO# 
SETUP 
40 
50 
36 
3 
T11 
ADDRESS, 
M/10# 
HOLD 
8 
8 
8 
3 
T12 
MADE24 
SETUP 
32 
40 
28 
3 
T13 
MADE24 
HOLD 
8 
8 
8 
3 
T14 
MIIO# 
,ARB/GNT# 
SETUP TO ERS 
20 
20 
20 
T15 
MIIO#,ARB/GNT# 
HOLD FROM ERS 
10 
10 
10 
T16 
PRDYI# 
SETUP 
18 
18 
15 
T17 
PRDYI# 
HOLD 
3 
3 
3 
T18A 
ROMEN # ,RAMEN # ,IOEN # ,VMSEL # 
2 
30 
2 
30 
2 
30 
75 
DLY FRM MADE24 
HIMEM# 
T18B 
ROMEN # ,RAMEN # ,IOEN # ,VMSEL# 
2 
38 
2 
38 
2 
38 
75 
14 
DLYFRMADDR 
T18C 
ROMEN # ,RAMEN # ,IOEN # ,VMSEL # 
2 
35 
2 
35 
2 
35 
75 
14 
DLY FRM A20 
T19 
LCSCS# 
DELAY 
2 
45 
2 
45 
2 
45 
75 
T20A 
FCES# 
DELAY FROM SCLK 
3 
45 
3 
35 
3 
26 
25 
5 
T20B 
FCES# 
DLY FRM ADDR, MIIO#, 
MADE24 
50 
25 
2, 5 
T21 
PDSETUPTOCMD# 
j 
100 
100 
100 
T22 
WRITE DATA SETUP 
30 
30 
30 
T23 
WRITE DATA HOLD 
5 
5 
5 
T24 
READ DATA VALID DELAY 
200 
200 
200 
75 
T24A 
CMD# 
.,J..TO READ DATA LOW-Z 
25 
25 
25 
75 
T25 
READ DATA FLOAT DELAY 
2 
35 
2 
35 
2 
35 
75 
T26 
EXEN # DELAY (INACTIVE) 
2 
50 
2 
50 
2 
50 
50 
T26A 
EXEN # DELAY (ACTIVE) 
25 
150 
25 
150 
25 
150 
50 
T27A 
CHRDY DELAY (FROM ADDR) 
2 
50 
2 
50 
2 
50 
50 
4, 5, 7 
T27B 
CHRDY DLY FROM STATUS OR CMD# 
0 
33 
0 
33 
0 
33 
50 
4,5,7 
T29 
TMRCLK 
HIGH/LOW 
TIME 
300 
300 
300 
50 
T30 
RFRQ# 
PULSE WIDTH 
300 
300 
300 
50 
T31 
T1NCLK HIGH/LOW 
TIME 
21 
21 
21 
T32B 
CMD# 
j 
-RAS.,J.. (REFRESH 
CYCLE ONLY) 
0 
55 
0 
55 
0 
55 
75 
10 
T32C 
CMD# 
j 
-CAS# 
j 
0 
38 
0 
38 
0 
38 
75 
T32E 
SCLK-DSTB 
.,J.. 
4 
27 
4 
27 
4 
27 
50 
8 
T32F 
DLY3 j 
-DSTB j 
0 
50 
0 
50 
0 
50 
50 
T32G 
DLY3j-RASj 
4 
26 
4 
26 
4 
26 
75 
T321 
SCLK-RAS.,J.. 
8 
40 
8 
40 
8 
40 
75 
8 
T33 
DLY1 .,J..TO CHRDY j 
5 
30 
5 
30 
5 
30 
50 
T34 
DLY2.,J..TO CAS # .,J.. 
3 
27 
3 
27 
3 
27 
75 


Symbol 
Parameter 
Kit 16 MHz 
Kit 20 MHz 
Kit 25 MHz CL(PF) 
Notes 
Min 
Max 
Min 
Max 
Min 
Max 


T35 
CMD# 
-!- TO CAS# 
-!- (WRITE CYCLES ONLY) 
25 
115 
25 
115 
25 
115 
75 
6 
T39A 
WE DLY FROM STATUS 
2 
30 
2 
30 
2 
30 
75 
13 
T398 
WE DLY FROM CMD# i 
2 
30 
2 
30 
2 
30 
75 
13 
T41A 
CAS# 
-!- DELAY FROM SCLK (READS) 
2 
30 
2 
30 
2 
30 
75 
T418 
CAS# i DELAY FROM SCLK 
5 
34 
5 
34 
5 
34 
75 
9 


T41C 
CAS# 
-!- DELAY FROM SCLK (WRITES) 
2 
38 
2 
38 
2 
38 
75 
T43A 
ADDR TO MAD DELAY (COLUMN 
ADDR) 
45 
45 
40 
75 
12 
T438 
SCLK TO MAD DELAY (COLUMN 
ADDR) 
36 
36 
31 
75 
12 
T43C 
CMD# 
TO MAD DELAY (COLUMN 
AD DR) 
38 
38 
38 
75 
12 
T43D 
SCLK TO MAD DELAY (ROW ADDR) 
50 
50 
50 
75 
12 
T44 
WE DELAY FROM SCLK 
2 
42 
2 
42 
2 
42 
75 
T45 
DLY4-!- 
TO MAD 
6 
32 
6 
32 
6 
32 
75 
T46 
MAX PAGE MODE RAS ACTIVE 
15 p.s 
15 p.s 
15 p.s 
10,11 


NOTES: 
1. Status 
and CMD# 
are asychronous 
inputs. 
T5 simply 
guarantees 
that they are recognized 
at a particular 
clock 
edge. 


2. FCES# 
is speced 
from 
address 
only in OWS pipelined/lWS 
non-pipelined 
memory 
cycles, 
which 
are only supported 
at 
16 MHz. 
3. Address, 
MIIO# 
and MADE24 
setup 
times 
are speced 
relative 
to the Phase 
2 SCLK 
edge 
only in OWS pipelined/lWS 


non-pipelined 
memory 
cycles, 
which 
are only supported 
at 16 MHz. (This Ph!lse 
2 edge is in the middle 
of the first T2 state, 
or the middle 
of the Tl P state.) 
4. The 82309 
de-activates 
CHRDY 
for motherboard 
liD 
and VGA Memory 
cycles 
(as decoded 
by 10EN#), 
and then re-acti- 
vates 
it when 
CMD# 
is activated. 
The 82309 
also de-activates 
CHRDY 
for non-CPU 
(DMA or channel 
master) 
accesses 
to 
motherboard 
DRAM 
that 
are decoded 
as page 
misses. 
CHRDY 
is then 
re-activated 
according 
to the appropriate 
external 
DRAM 
control 
delay 
line tap (DLY1), 
or else when 
CMD# 
is activated, 
whichever 
comes 
later. 


5. FCES# 
is used 
to terminate 
CPU accesses 
to motherboard 
DRAM, 
as these 
cycles 
are not broadcast 
on the 
Micro 
Channel. 
CHRDY 
is used to terminate 
DMA and channel 
master 
accesses 
to motherboard 
DRAM, 
which 
are broadcast. 


6. The large value 
for T35 (Min) guarantees 
that 
data being written 
into motherboard 
DRAM 
by a channel 
master 
or DMA 
controller 
has adequate 
time to propogate 
through 
the data buffers 
between 
the channel 
or DMA and memory. 
T35 (Min) is 
guaranteed 
on any non-CPU 
write, 
both 
page 
hit and page 
miss. 
(The Micro 
Channel 
specs 
ONS of data 
setup 
to CMD# 


active.) 
T35 (Max) applies 
only when 
CMD# 
J.. -to-CAS # J.. is indeed 
the limiting 
spec; 
specifically, 
when 
neither 
T34 (Max) 
nor T41A 
(Max) limits CAS# 
activation. 


7. The 82309 
guarantees 
that any time it de-asserts 
CHRDY, 
it will not re-assert 
it until after CMD# 
is activated. 


8. These 
specs 
are 
referenced 
with 
respect 
to the 
causal 
SCLK 
edge, 
which 
differs 
in different 
frequency 
systems. 
At 
16 MHz, the appropriate 
edge 
is one clock 
phase 
after the edge that 
recognizes 
status 
in non-CPU 
cycles, 
or one phase 
after the edge that samples 
PADS# 
active 
in CPU cycles. 
At 20 MHz, the appropriate 
edge is two clock 
phases 
after these 
events. 
The 82309 
distinguishes 
16 MHz from 20 MHz via the memory 
performance 
configuration 
inputs 
CO, Cl 
and C2. 16 
MHz is assumed 
anytime 
these 
inputs 
indicate 
a zero wait state pipelined 
read page hit. (CO, Cl, 
C2 = 000,001,010). 
9. This spec 
insures 
a minimum 
CAS# 
high time of 25 ns at 16 MHz. (16 MHz is the worst 
case 
since the CAS# 
inactive 
and CAS# 
active 
SCLK edges 
are only one phase apart. 
At 20 MHz, these 
edges 
are always 
at least two phases 
apart.) 


10. Refresh 
cycles 
are RAS only, and are forced 
to be page misses. 
Thus, 
the refresh 
interval 
(typically 
15 ,...s) defines 
the 
required 
page 
mode 
RAS active 
time. 
RAS is de-activated 
at the end of a refresh 
cycle 
since 
typical 
page 
mode 
DRAMs 
spec 
a maximum 
RAS active 
time 
less than 
15 ,...S for refresh 
cycles. 
(Note 
that 
the first access 
to any bank 
following 
a 
refresh 
cycle 
is also a forced 
page miss.) 
11. Functional 
spec only ... 
Not tested. 
Max page mode 
RAS active 
is governed 
by refresh 
interval. 


12. T43A, 
T43B, 
and T43C all refer to column 
address, 
as the 82309 
assumes 
a page hit as the default 
case 
until proven 
otherwise. 
In case of a page miss, the row address 
is muxed onto the MAD lines from the same clock 
edge that de-activates 
RAS and fires a pulse (DSTB) 
into the delay line. The column 
address 
is then muxed onto the MAD lines by delay tap DL Y4. 


13. In Non-CPU 
cycles, 
WE (active 
high from 
the 82309) 
is simply 
an inverted 
version 
of channel 
SOli', 
which 
indicates 
a 
write cycle when 
low. This signal is internally 
latched 
(transparent 
latch) by the leading 
edge of CMD#, 
and then released 
by 
the trailing 
edge of CMD#, 
hence 
the need for T39B. 


14. A20 
typically 
has more 
logic 
in its path 
than 
the 
other 
address 
bits, 
hence 
the tighter 
spec. 
T18B 
applies 
to all bits 
except 
A20. 


A.C. SPECIFICATIONS 


The following 
specifications 
are the only exceptions 
to the A.C. specifications 
listed on the previous 
pages. 


16 MHz and 
Symbol 
Parameter 
20 MHz 


T10 
ADDRESS, 
M/IO# 
SETUP 
30 ns 
T12 
MADE24 SETUP 
NA 
T20B 
FCES# 
DLY FROM ADDR, M/IO#, 
MADE24 
39ns 
T32E 
SCLK TO DSTB FALLING 
EDGE 
24 ns 
T32G 
DLY3 RISING TO RAS# 
RISING 
23 ns 
T34 
DLY2 FALLING 
TO CAS# 
FALLING 
25 ns 
T41a 
CAS# 
DELAY FROM SCLK (READS) 
24 ns 
T43A 
ADDR TO MAD DELAY (COLUMN 
ADDR) 
38 ns 
T43B 
SCLK TO MAD DELAY (COLUMN 
ADDR) 
33 ns 
T45 
DELAY4 FALLING 
EDGE TO MAD 
30 ns 


SCLK [2V 


OUTPUTS [ 
VALID 
1 5V 
OUTPUTn 
. 


INPUTS [ 


LEGEND: 
A. Maximum 
Output 
Delay Specification. 


B. Minimum 
Output 
Delay Specification. 


C. Minimum 
Input Setup Specification. 


D. Minimum 
Input Hold Specification. 
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PAGE HIT/WISS 
PAGE 
HIT/WISS 


SAWPLE 
POINT 
SAtr.lPlE 
POINT 


AT e WAIT STATE 
AT 
1 or 
WORE 
WAIT 
STATtS 


("OCR 
LATCHED) 
I 
T2P 
TIP 
T2 
T2P 
TIP 
T2P 
TI 
T2 


NOTE: 
Once 
the ABC fires FCES#, 
it remains 
active 
until the ABC detects 
and end of cycle 
via its PRDYI # input. This allows 
the BC or other 
external 
devices 
to extend 
DRAM 
cycles 
if desired. 


=X 


, 


AODRESS, 
M/lOl. 
Wo40E2-4 
~-------------- 


'••M •••• =~ JU 


T5~:~~:.~~:;;:~;;;;;~~oP~~~ 


HIT OR RAS DEACTIVATED 
If" PAGE MISS) 


PAGE HIT/MISS 
SAWPLE POINT AT 20 WHz 
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Figure 16. DMA/Channel 
Master Accesses 
(Page Hit) 
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CAS' 
IS ACnv ATED HERE AT 
16104Hz PROVIDED T5A .t T5B WERE 
BOTH Io4ETAT THE PREVIOUS EDGE AS 
SHOWN. IF T5A OR T5B IS NOT Io4ET, 
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UNTIL ONE CLK PHASE AmR 
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EDGE AT WHICH BOTH STATUS AND 
CIo4D, ARE RECOGNIZED. 


LCAS' 
IS ACTIVATED HERE AT 20 104Hz 


PROVIDED T5A .t T5B WERE Io4ET 
TWO CLK EDGES PREVIOUSLY 
AS SHOWN. 
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that T58 
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at 16 MHz; Two SCLK phases 
at 20 MHz.) 
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82077 AA 
CHMOS SINGLE-CHIP FLOPPY DISK CONTROLLER 
• Single-Chip 
Floppy Disk Solution 
• Integrated 
Tape Drive Support 
-100% 
PC AT" Compatible 
• 12 mA Host Interface 
Drivers, 
40 mA 
- 
100% PS/2" 
Compatible 
Disk Drivers 
....J..100%PS/2 
Model 30 Compatible 
- 
Integrated 
Drive and Data Bus 
• Four Fully Decoded 
Drive Select 
and 


Buffers 
Motor Signals 
• Integrated 
Analog Data Separator 
• Programmable 
Write Precompensation 


- 
250 Kbits/ sec 
Delays 


- 
300 Kbits/sec 
• Addresses 
256 Tracks 
Directly, 
- 
500 Kbits/sec 
Supports 
Unlimited 
Tracks 
-1 
Mbits/sec 
• 16 Byte FIFO 
• High Speed 
Processor 
Interface 
68-Pin PLCC 
• 
• Perpendicular 
Recording 
Support 


The 82077 AA floppy disk controller 
has completely 
integrated 
all of the logic required 
for floppy disk control. 


The 82077AA, 
a 24 MHz crystal, 
a resistor 
package 
and a device 
chip select 
implements 
a PC AT or PS/2 


solution. 
All programmable 
options 
default 
to compatible 
values. 
The 
dual 
PLL data 
separator 
has better 


performance 
than most board 
level/discrete 
PLL implementations. 
The FI=O allows 
better 
system 
perform- 


ance in multi-master 
systems 
(e.g. PS/2, 
EISA). 


The 82077 AA is fabricated 
with 
Intel's 
CHMOS 
III technology 
and is ava lable 
in a 68-lead 
PLCC (plastic) 


package. 
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Memory Controllers 
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• 


o~uo 
ERROR DETECTION AND CORRECTION UNIT 


• 
Detects All Single Bit, and Double Bit 
and Most Multiple Bit Errors 


• 
Corrects All Single Bit Errors 


• 
3 Selections 
8206-1 
8206 
Detection 
35 ns 
42 ns 
Correction 
55 ns 
67 ns 


• 
Syndrome Outputs for Error Logging 


• 
Automatic Error Scrubbing with 8207 


• 
Expandable to Handle 80 Bit Memories 


• 
Separate Input and Output Busses-No 
Timing Strobes Required 


• 
Supports Read With and Without 
Correction, Writes, Partial (Byte) 
Writes, and Read-Modify-Writes 


• 
HMOS III Technology for Low Power 


• 
68 Pin Leadless JEDEC Package 


• 
68 Pin Grid Array Package 


The HMOS 8206 Error Detection 
and Correction 
Unit is a higH-speed 
device that provides 
error detection 
and 
2 


correction 
for memory 
systems 
(static 
and dynamic) 
requiring 
high reliability 
and performance. 
Each 
8206 
handles 
8 or 16 data bits and up to 8 check bits. 8206's 
can be cascaded 
to provide 
correction 
and detection 
for up to 80 bits of data. Other 8206 features 
include the ability to handle byte writes, memory initialization, 
and 
error logging. 


• 
POSO_1 
NSLo·, 


GND 
--SY 
1 1 
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Symbol 
Pin No. 
Type 
Name and Function 


010-15 
1,68-61, 
I 
OAT A IN: These inputs accept a 16 bit data word from RAM for 
59-53 
error detection 
and/or 
correction. 


CBI/SYlo 
5 
I 
CHECK BITS IN/SYNDROME 
IN: In a single 8206 system,or 
in the 
CBI/SYI1 
6 
I 
master in a multi-8206 
system, these inputs accept the check bits (5 


CBI/SYI2 
II 
7 
I 
to 8) from the RAM. In a single 8206 16 bit system, CB10-5 are 


CBI/SYI3 
8 
I 
used. In slave 8206's these inputs accept the syndrome 
from the 


CBI/SYI4 
9 
I 
master. 


CBI/SYI5 
10 
I 
CBI/SYls 
11 
I 
CBI/SYI7 
12 
I 


DO/WDlo 
51 
I/O 
DATA OUT/WRITE 
DATA IN: In a read cycle, data accepted 
by 
DO/WDI1 
50 
I/O 
010-15 appears at these outputs corrected 
if CRCT is low, or 


DO/WDI2 
r 
49 
I/O 
uncorrected 
if CRCT is high. The BM inputs must be high to enable 


DO/WDI3 
48 
I/O 
the output buffers during the read cycle. In a write cycle, data to be 


DO/WDI4 
47 
I/O 
written into the RAM is accepted 
by these inputs for computing 
the 


DO/WDI5 
46 
I/O 
write check bits. In a partial-write 
cycle, the byte not to be modified 
appears 
at either 000-7 
if BMo is high, or DOa-15 if BM1 is high, for 
DO/WDls 
45 
I/O 
writing to the RAM. When WZ is active, it causes the 8206 to output 
DO/WDI7 
44 
I/O 
all zeros at 000-15, 
with the proper write check bits on CBO. 
DO/WDla 
42 
I/O 
DO/WDlg 
41 
I/O 
DO/WDI10 
40 
I/O 
DO/WDI11 
39 
I/O 


DO/WDI12 
38 
I/O 
DO/WDI13 
37 
I/O 
DO/WDI14 
36 
I/O 
DO/WDI15 
35 
I/O 


SYO/CBO/PPOo 
23 
0 
SYNDROME 
OUT/CHECK 
BITS OUT/PARTIAL 
PARITY 
OUT: In 
SYO/CBO/PP01 
24 
0 
a single 8206 system, or in the master in a multi-8206 
system, the 


SYO/CBO/PP02 
25 
0 
syndrome 
appears at these outputs during a read. During a write, 


SYO/CBO/PP03 
27 
0 
the write check bits appear. In slave 8206's the partial parity bits 


SYO/CBO/PP04 
28 
0 
used by the master appear at these outputs. The syndrome 
is 


SYO/CBO/PP05 
29 
0 
latched (during read-modify-writes) 
by R/W going low. 


SYO/CBO/PPOs 
30 
0 
SYO/CBO/PP07 
31 
0 


PPlo/POSo 
13 
I 
PARTIAL 
PARITY 
IN/POSITION: 
In the master in a multi-8206 
PPI1/POS1 
14 
I 
system, these inputs accept partial parity bits 0 and 1 from the 
slaves. In a slave 8206 these inputs inform it of its position within 
the system (1 to 4). Not used in a single 8206 system. 


PPI2INSLo 
15 
I 
PARTIAL 
PARITY 
IN/NUMBER 
OF SLAVES: 
In the master in a 
PPI3/NSL1 
16 
I 
multi-8206 
system, these inputs accept partial parity bits 2 and 3 
from the slaves. In a multi-8206 
system these inputs are used in 
slave number 1 to tell it the total number of slaves in the system (1 
to 4). Not used in other slaves or in a single 8206 system. 


PPI4CE 
17 
I/O 
PARTIAL 
PARITY 
IN/CORRECTABLE 
ERROR: In the master in a 
multi-8206 
system this pin accepts 
partial parity bit 4. In slave 
number 1 only, or in a single 8206 system~his 
pin outputs the 
correctable 
error flag. CE is latched 
by R/W going low. Not used in 
other slaves. 
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Symbol 
Pin No. 
Type 
Name and Function 


PPI5 
18 
I 
PARTIAL 
PARITY 
IN: In the master in a multi-8206 
system these 


PPls 
19 
I 
pins accept partial parity bits 5 to 7. The number of partial parity bits 


PPI7 
20 
I 
equals the number of check bits. Not used in single 8206 systems 
or in slaves. 


ERROR 
22 
0 
ERROR: This pin outputs the error flag in a single 8206 system or in 
the master of a multi-8206 
system. It is latched by R/W going low. 
Not used in slaves. 


CRCT 
52 
I 
CORRECT: 
When low this pin causes data correction 
during a read 
or read-modify-write 
cycle. When high, it causes error correction 
to 
be disabled, 
although 
error checking 
is still enabled. 


STB 
2 
I 
STROBE: STB is an input control 
used to strobe data at the 01 
inputs and check-bits 
at the CBI/SYI 
inputs. The signal is active 
high to admit the inputs. The signals are latched by the high-to-Iow 
transition 
of STB. 


BMo 
33 
I 
BYTE MARKS: When high, the Data Out pins are enabled for a 
BM1 
32 
I 
read cycle. When low, the Data Out buffers are tristated 
for a write 
cycle. BMo controls 
000-7, 
while BM1 controls 
008-15. 
In partial 
(byte) writes, the byte mark input is low for the new byte to be 
written. 


R/W 
21 
I 
READ/WRITE: 
When high this pin causes the 8206 to perform 
detection 
and correction 
(if CRCT is low). When low, it causes the 
8206 to generate 
check-bits. 
On the high-to-Iow 
transition 
the 
syndrome 
is latched internally 
for read-modify-write 
cycles. 


WZ 
34 
I 
WRITE ZERO: 
When low this input overrides 
the BMo-1 and R/W 
inputs to cause the 8206 to output all zeros at 000-15 
with the 
corresponding 
check-bits 
at CBOO_7. Used for memory initialization. 


M/S 
4 
I 
MASTERISLA 
VE: Input tells the 8206 whether 
it is a master (high) 
or a slave (low). 


SEOCU 
3 
I 
SINGLE 
EDC UNIT: Input tells the master whether 
it is operating 
as 
a single 8206 (low) or as the master in a multi-8206 
system (high). 


Not used in slaves. 


Vcc 
60 
I 
POWER SUPPLY: + 5V 


Vss 
26 
I 
LOGIC GROUND 


Vss 
43 
I 
OUTPUT 
DRIVER 
GROUND 


inter 


The 8206 Error Oetection and Correction Unit pro- 
vides greater memory system reliability through its 
ability to detect and correct memory errors. It is a 
single chip device that can detect and correct all 
single bit errors and detect all double bit and some 
higher multiple bit errors. Some other odd multiple 
bit errors (e.g., 5 bits in error) are interpreted as sin- 
gle bit errors, and the CE flag is raised. While some 
even multiple bit errors (e.g., 4 bits in error) are inter- 
preted as no error, most are detected as double bit 
errors. This error handling is a function of the num- 
ber of check bits used by the 8206 (see Figure 2) 
and the specific Hamming' code used. Errors in 
check bits are not distinguished from errors in a 
word. 


For more information on error correction codes, see 
Intel Application Notes AP-46 and AP-73. 


A single 8206 handles 8 or 16 bits of data, and up to 
5 8206's can be cascaded in order to handle data 
paths of 80 bits. For a sin~ 
8206 8 bit system, the 
018-15,00/W018_15 and BM1 inputs are grounded. 
See the Multi-Chip systems section for information 
on 24-80 bit systems. 


The 8206 has a "flow through" architecture. It sup- 
ports two kinds of error correction architecture: 1) 
Flow-through, or correct-always; and 2) Parallel, or 
check-only. These are two separate 16-pin busses, 


Data Word Bits 
Check Bits 


8 
5 
16 
6 
24 
6 
32 
7 
40 
7 
48 
8 
56 
8 
64 
8 
72 
8 
80 
8 


one to accept data from the RAM (01)and the other 
to deliver corrected data to the system bus (001 
WOI). The logic is entirely combinatorial during a 
read cycle. This is in contrast to an architecture with 
only one bus, with bidirectional bus drivers that must 
first read the data and then be turned around to out- 
put the corrected data. The latter architecture typi- 
cally requires additional hardware (latches andlor 
transceivers) and may be slower in a system due to 
timing skews of control signals. 


With the R/W pin high, data is received from the 
RAM outputs into the 01 pins where it is optionally 
latched by the STB signal. Check bits are generated 
from the data bits 3.ndcompared to the check bits 
read from the RA~ into the CBI pins. If an error is 
detected the ERROR flag is activated and the cor- 
rectable error flag (::E) is used to inform the system 
whether the error Has correctable or not. With the 
BM inputs high, the word appears corrected at the 
00 pins if the error was correctable, or unmodified if 
the error was uncorrectable. 


If more than one 8206 is being used, then the check 
bits are read by thE master. The slaves generate a 
partial parity output (PPO) and pass it to the master. 
The master 8206 then generates and returns the 
syndrome to the slaves (SYO) for correction of the 
data. 


The 8206 may alternatively be used in a "check- 
only" mode with the CRCT pin left high. With the 
correction facility turned off, the propagation delay 
from memory outputs to 8206 outputs is significantly 
shortened. In this mJde the 8206 issues an ERROR 
flag to the CPU, whi::h can then perform one of sev- 
eral options: lengthen the current cycle for correc- 
tion, restart the instl"Jction,perform a diagnostic rou- 
tine, etc. 


A syndrome word, ive to eight bits in length and 
containing all neces,ary information about the exis- 
tence and location (f an error, is made available to 
the system at the SYOO-7pins. Error logging may be 
accomplished by latching the syndrome and the 
memory address of .he word in error. 


For a full write, in which an entire word is written to 
memory, the data is Nritten directly to the RAM, by- 
passing the 8206. T,e same data enters the 8206 
through the WOI pinr where check bits are generat- 
ed. The Byte Mark inouts must be low to tristate the 
00 drivers. The check bits, 5 to 8 in number, are 
then written to the RAM through the CBO pins for 
storage along with the data word. In a multi-chip sys- 
tem, the master writes the check bits using partial 
parity information from the slaves. 


In a partial write, part of the data word is overwritten, 
and part is retained in memory. This is accomplished 
by performing a reac.-modify-write cycle. The com- 
plete old word is read into the 8206 and corrected, 
with the syndrome internally latched by R/W going 
low. Only that part of the word not to be modified is 
output onto the 00 ~ins, as controlled by the Byte 
Mark inputs. That por ion of the word to be overwrit- 


inter 


ten is supplied by the system bus. The 8206 then 
calculates check bits for the new word, using the 
byte from the previous read and the new byte from 
the system bus, and writes them to the memory. 


Upon detection of an error the 8206 may be used to 
correct the bit in error in memory. This reduces the 
probability of getting multiple-bit errors in subse- 
quent read cycles. This correction is handled by exe- 
cuting read-modify-write cycles. 


The read-modify-write cycle is controlled by the R/W 
input. After (during) the read cycle, the system dy- 
namic RAM controller or CPU examines the 8206 
ERROR and CE outputs to determine if a correct- 
able error occurred. If it did, the dynamic RAM con- 
troller or CPU forces R/W low, telling the 8206 to 
latch the generated syndrome and drive the correct- 
ed check bits onto the CBO outputs. The corrected 
data is available on the DO pins. The DRAM control- 
ler then writes the corrected data and corresponding 
check bits into memory. 


The 8206 may be used to perform read-modify- 
writes in one or two RAM cycles. If it is done in two 
cycles, the 8206 latches are used to hold the data 
and check bits from the read cycle to be used in the 
following write cycle. The Intel 8207 Dual Port Dy- 
namic RAM controller allows read-modify-write cy- 
cles in one memory cycle. See the System Environ- 
ment section. 


A memory system operating with ECCrequires some 
form of initialization at system power-up in or- 


der to set valid data and check bit information in 
memory. The 8206 supports memory initialization by 
the write zero function. By activating the WZ pin, the 
8206 will write a data pattern of zeros and the asso- 
ciated check bits in the current write cycle. By thus 
writing to all memory at power-up, a controller can 
set memory to valid data and check bits. Massive 
memory failure, as signified by both data and check 
bits all ones or zeros, will be detected as an uncor- 
rectable error. 


A single 8206 handles 8 or 16 bits of data and 5 or 6 
check bits, respectively. Up to 5 8206's can be cas- 
caded for 80 bit memories with 8 check bits. 


When cascaded, one 8206 operates as a master, 
and all others as slaves. As an example, during a 
read cycle in a 32 bit system with one master and 
one slave, the slave calculates parity on its portion 
of the word-"partial 
parity"-and 
presents it to the 
master through the PPO pins. The master combines 
the partial parity from the slave with the parity it cal- 
culated from its own portion of the word to generate 
the syndrome. The syndrome is then returned by the 
master to the slave for error correction. In systems 
with more than one slave the above description con- 
tinues to apply, except that the partial parity outputs 
of the slaves must be XOR'd externally. Figure 4 
shows the necessary external logic for multi-chip 
systems. Write and read-modify-write cycles are car- 
ried out analogously. See the System Operation sec- 
tion for multi-chip wiring diagrams. 


There are several pins used to define whether the 
8206 will operate as a master or a slave. Tables 3 
and 4 illustrate how these pins are tied. 


3c. 80 Bit System 


Figure 4. External 
Logic for Multi-Chip 
Sytems 


Pin No. 
Pin Name 
Master 
Slave 1 
Slave 2 
Slave 3 
Slave 4 


4 
MIS 
+5V 
gnd 
gnd 
gnd 
gnd 
3 
SEDCU 
+5V 
+5V 
+5V 
+5V 
+5V 
13 
PP1o/POSo 
PPI 
gnd 
+5V 
gnd 
+5V 


14 
PPI1/POS1 
PPI 
gnd 
gnd 
+5V 
+5V 


15 
PPI2/NSLo 
PPI 
• 
+5V 
+5V 
+5V 
16 
PPI3/NSL1 
PPI 
• 
+5V 
+5V 
+5V 


NOTE: 
Pins 13,14,15,16 
have internal 
pull-up 
resistors 
and may be left as N.C. where 
specified 
as connecting 
to +5V. 
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Number of Slaves 
. 


Pin 
1 
2 
3 
4 


PPI2INSLo 
GND 
+5V 
GND 
+5V 
PPI3/NSLl 
GND 
GND 
+5V 
+5V 


The timing specifications for multi-chip systems 
must be calculated to take account of the external 
XOR gating in 3, 4 and 5-chip systems. Let tXOR be 
the delay for a single external TTL XOR gate. Then 
the following equations show how to calculate the 
relevant timing parameters for 2-chip (n =0), 3-chip 
(n = 1), 4-chip (n = 2), and 5-chip (n = 2) systems: 


Data-in to corrected data-out (read cycle) = 


TDVSV + TPVSV +TSVQV + ntXOR 


Write data to check-bits valid (full write cycle) = 


TQVQV 
+ TPVSV + ntXOR 


TDVSV + TPVSV + TSVQV + TQVQV + TPVSV + 
2ntXOR 


Data-in to check-bits valid (non-correcting read- 
modify-write cycle) = 


TDVQU + TQVQV + TPVSV + ntXOR 


The 8206 uses a modified Hamming code which was 
optimized for multi-chip EDCU systems. The code is 


such that partial parity is computed by all 8206's in 
parallel. No 8206 requires more time for propagation 
through logic levels than any other one, and hence 
no one device becomes a bottleneck in the parity 
operation. However, one or two levels of external 
TTL XOR gates are required in systems with three to 
five chips. The code appears in Table 5. The check 
bits are derived from the table by XORing or XNOR- 
ing together the bits indicated by 'X's in each row 2 
corresponding to a check bit. For example, check bit 
o in the MASTER for data word 1000110101101011 
will be "0". It should be noted that the 8206 will 
detect the gross-error condition of all lows or all 
highs. 


Error correction is accomplished by identifying the 
bad bit and inverting it. Table 5 can also be used as 
an error syndrome table by replacing the 'X's with 
'1'so Each column then represents a different syn- 
drome word, and by locating the column corre- 
sponding to a particular syndrome the bit to be cor- 
'rected may be identified. If the syndrome cannot be 
located then the error cannot be corrected. For ex- 
ample, if the syndrome word is 00110111, the bit to 
be corrected is bit 5 in the slave one data word (bit 
21). 


The syndrome decoding is also summarized in Ta- 
bles 6 and 7 which can be used for error logging. By 
finding the appropriate syndrome word (starting with 
bit zero, the least significant bit), the result is either: 
1) no error; 2) an identified (correctable) single bit 
error; 3) a double bit error; or 4) a multi-bit uncorrect- 
able error. 


Check bits are generated 
by XOR'ing 
(except for the CBO and CB1 data bits, which are XNOR'ed 
in the Master) the data bits in the rows corresponding 
to 
the check bits. Note there are 6 check bits in a 16-bit system, 7 in a 32-bit system, 
and 8 in 48-or-more-bit 
systems. 


BYTE NUMBER 
0 
1 
OPERATION 
BIT NUMBER 
0 
1 
2 
3 
4 
5 
6 
7 
0 
1 
2 
3 
4 
5 
6 
7 


CBO = 
x 
x 
- 
x 
- 
x 
x 
- 
x 
- 
- 
x 
- 
x 
- 
- 
XNOR 
CB1 = 
x . 
x . - 
x 
- 
x 
- 
x 
- 
x 
x 
- 
x 
- 
XNOR 
CB2 = 
- 
x 
x 
- 
x - 
x 
x . - 
x 
- 
x 
- 
- 
x 
XOR 
CHECK 
CB3 = 
x 
x 
x 
x 
x 
- 
- 
- 
x 
x 
x 
- 
- 
- 
- 
- 
XOR 
BITS 
CB4 = 
- 
- 
- 
x 
x 
x 
x 
x 
- 
- 
- 
- 
- 
x 
x 
x 
XOR 
CB5 = 
- 
- 
- 
- 
- 
- 
- 
- 
x 
x 
x 
x 
x 
x 
x 
x 
XOR 
CB6 = 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
XOR 
CB7 = 
- 
- 
- 
- 
- 
- - . - 
- 
- 
- 
- 
- 
- 
- 
XOR 


DATA BITS 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
0 
1 
2 
3 
4 
5 


16 BIT OR MASTER 


2 
3 
OPERATION 
0 
1 
2 
3 
4 
5 
6 
7 
0 
1 
2 
3 
4 
5 
6 
7 


- 
x 
x 
x 
- 
x 
x 
- 
- 
x 
x 
- 
- 
x 
- 
- 
XOR 


x 
x 
x - 
- 
x 
- 
x 
x 
x . . - 
- 
- 
x 
XOR 
- 
x 
x 
x 
- 
x 
x 
x 
- 
- 
x 
x 
- 
- 
- 
- 
XOR 


x 
x 
- 
- 
x 
- 
x 
x 
x 
- 
- 
x 
x 
- 
- 
- 
XOR 


x 
x . - 
x 
x 
x 
x 
- 
- 
- 
- 
x 
- 
x 
- 
XOR 
- 
- 
- 
x 
x 
x 
x 
x 
- 
- 
- 
- 
- 
x 
x 
x 
XOR 
- 
- 
- 
- 
- - 
- 
- 
x 
x 
x 
x 
x 
x 
x 
x 
XOR 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- - 
- 
XOR 


1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
6 
7 
8 
9 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
0 
1 


SLAVE 
#1 


BYTE NUMBER 
4 
5 
6 
7 
8 
9 
OPERATION 
BIT NUMBER 
0 1 2 3 4 5 6 7 0 1 23456 
7 o 1 2345670 
1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 0 1 2 3 4 567 


CBO = 
x 
x - 
x - 
x x - 
x - - 
x - 
x . - 
x - 
x - x 
x - 
- x - x 
x - - 
x - - x 
x 
x - 
x 
x - - 
x 
x - - 
x - - 
XOR 


CB1 = 
x - 
x - - 
x - 
x - 
x - 
x x - x - - x 
x - - - x 
x x 
x x - - - 
x - - x 
x 
x - x 
x 
x - - 
x 
x - - - - 
XOR 


CB2 = - x 
x - 
x - 
x x . - 
x - 
x - - x - 
x 
x x - x 
x . - 
x x - - x - - 
x - - 
x - x 
x - . x 
x - - 
x . x 
XOR 


CHECK 
CB3 = 
x x 
x x 
x - - - 
x x 
x - - . - - 
x - 
x - - 
x x 
- x 
x - - 
x x - - - x 
x 
x 
x - - 
x x 
x - - 
x - - - 
XOR 


BITS 
CB4 = 
- - - 
x 
x x 
x x - - - - - 
x x x - - - 
x x x 
x 
x • . - - - x 
x 
x - x 
x - - - 
x 
x x 
x 
x - - - x - 
XOR 


CB5 = 
x x 
x x 
x x 
x x - - 
- - . - - . - . - . - - - 
- x 
x x 
x x x 
x 
x 
x - 
x 
x 
x x - 
x - - - 
x - . . x 
XOR 


CB6 = 
x x 
x x 
x x 
x x - - - - - - - - x 
x x 
x x x 
x 
x - - - - - - - . x 
x . - 
x x 
x 
x - - - - 
x - 
x - 
XOR 


CB7 = - - - . - - . - 
x x 
x 
x x 
x x x - - - . - - - 
- x 
x x x 
x x 
x 
x - - - - . - - - x 
x 
x 
x 
x 
x 
x 
x 
XOR 


DATA BITS 
333 
3 3 3 3 3 4 4 4 4 4 4 4 4 4 4 5 5 5 5 5 5 5 5 5 5 6 6 6 6 66666677 
7 7 7 7 7 7 7 7 


2 3 4 5 6 7 8 9 o 1 234 
567 
890 
1 2 3 4 5 678901 
2 3 45678901 
2 3 4 5 6 7 8 9 


SLAVE 
#2 
SLAVE 
#3 
SLAVE 
#4 


intJ 


0 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
Syndrome 
1 
0 
0 
1 
1 
0 
0 
1 
1 
0 
0 
1 
1 
0 
0 
1 
1 
Bits 
2 
0 
0 
0 
0 
1 
1 
1 
1 
0 
0 
0 
0 
1 
1 
1 
1 
7 
6 
5 
4 
3 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 


0 
0 
0 
0 
N 
CBO 
CB1 
D 
CB2 
D 
D 
18 
CB3 
D 
D 
0 
D 
1 
2 
D 


0 
0 
0 
1 
CB4 
D 
D 
5 
D 
6 
7 
D 
D 
D 
16 
D 
4 
D 
D 
17 


0 
0 
1 
0 
CB5 
D 
D 
11 
D 
19 
12 
D 
D 
8 
9 
D 
10 
D 
D 
67 


0 
0 
1 
1 
D 
13 
14 
D 
15 
D 
D 
21 
20 
D 
D 
66 
D 
22 
23 
D 


0 
1 
0 
0 
CB6 
D 
D 
25 
D 
26 
49 
D 
D 
48 
24 
D 
27 
D 
D 
50 


0 
1 
0 
1 
D 
52 
55 
D 
51 
D 
D 
70 
28 
D 
D 
65 
D 
53 
54 
D 


0 
1 
1 
0 
D 
29 
31 
D 
64 
D 
D 
69 
68 
D 
D 
32 
D 
33 
34 
D 


0 
1 
1 
1 
30 
D 
D 
37 
D 
38 
39 
D 
D 
35 
71 
D 
36 
D 
D 
U 


1 
0 
0 
0 
CB7 
D 
D 
43 
D 
77 
44 
D 
D 
40 
41 
D 
42 
D 
D 
U 


1 
0 
0 
1 
D 
45 
46 
D 
47 
D 
D 
74 
72 
D 
D 
U 
D 
73 
U 
D 


1 
0 
1 
0 
D 
59 
75 
D 
79 
D 
D 
58 
60 
D 
D 
56 
D 
U 
57 
D 


1 
0 
1 
1 
63 
D 
D 
62 
D 
U 
U 
D 
D 
U 
U 
D 
61 
D 
D 
U 


1 
1 
0 
0 
D 
U 
U 
D 
U 
D 
D 
U 
76 
D 
D 
U 
D 
U 
U 
D 


1 
1 
0 
·1 
78 
D 
D 
U 
D 
U 
U 
D 
D 
U 
U 
D 
U 
D 
D 
U 


1 
1 
1 
0 
U 
D 
D 
U 
D 
U 
U 
D 
D 
U 
U 
D 
U 
D 
D 
U 


1 
1 
1 
1 
D 
U 
U 
D 
U 
D 
D 
U 
U 
D 
D 
U 
D 
U 
U 
D 


N = No Error 
CBX = Error in Check 
Bit X 
X = Error in Data Bit X 
D = Double 
Bit Error 
U = Uncorrectable 
Multi-Bit 
Error 


has the ability to pertorm 
dual port memory 
control, 


and Figure 6 illustrates 
a highly integrated 
dual port 
RAM implementation 
using the 8206 and 8207. The 
8206/8207 
combination 
permits 
such 
features 
as 
automatic 
scrubbing 
(correcting 
errors 
in memory 
during refresh), 
extending 
RAS and CAS timings 
for 
Read-Modify-Writes 
in single 
memory 
cycles, 
and 
automatic 
memory initialization 
upon reset. Together 
these two chips provide 
a complete 
dual-port, 
error- 
corrected 
dynamic 
RAM subsystem. 


The 8206 intertace 
to a typical 
32 bit memory 
sys- 
tem is illustrated 
in Figure 5. For larger systems, 
the 
partial 
parity 
bits from 
slaves 
two. to four 
must 
be 
XOR'ed 
externally, 
which calls for one level of XOR 
gating for three 8206's 
and two levels for four or five 
8206's. 


The 
8206 
is designed 
for direct 
connection 
to the 
Intel 
8207 
Dynamic 
RAM 
Controller. 
The 
8207 
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The 8206 lends itself to straightforward memory 
board testing with a minimum of hardware overhead. 
The following is a description of four common test 
modes and their implementation. 
Mode 0-- Read and write with error correction. 
Implementation: This mode is the normal 
8206 operating mode. 
Mode 1- 
Read and write data with error correction 
disabled to allow test of data memory. 
Implementation: This mode is performed 
with CRCT deactivated. 
Mode 2- 
Read and write check bits with error cor· 
rection disabled to allow test of check bits 
memory. 
Implementation: Any pattern may be writ· 
ten into the check bits memory by judi· 
ciously choosing the proper data word to 


generate the desired check bits, through 
the use of the 8206 Hamming code. To 
read out the check bits it is first necessary 
to fill the data memory with all zeros, 
which may be done by activating WZ and 
incrementing memory addresses with WE 
to the check bits memory held inactive, 
and then performing ordinary reads. The 
check bits will then appear directly at the 
SYO outputs, with bits CBO and CB1 in- 
verted. 
Mode 3- 
Write data, without altering or writing 
check bits, to allow the storage of bit 
combinations to cause error correction 
and detection. 
Implementation: This mode is implement· 
ed by writing the desired word to memory • 
with WE to the check bits array held inac- 
tive. 
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NOTE: 
68 pin JEDEC 
TYPE A hermetic 
chip carrier 


Figure 8a. 8206 Leadless Chip Carrier (LCC) Pinout Diagram 


Top View 
-W-~-~-~-W-~-~-~-~ 


-3 
-4 
- 50- 49 


-5 
-6 
- 48- 47 


-7 
-8 
- 46- 45 


-9 
-10 
- 44- 43 


- 11- 12 
-42- 41 


-13-14 
- 40- 39 


PIN11D 
-15-16 
- 38- 37 


-17-19-21-23-25-27-29-31-33-36-35 


-18-20-22-24-26-28-30-32-34 


NOTE: 
68 lead ceramic 
pin grid array package, 
type A 
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NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings only. Operation 
beyond 
the 
"Operating 
Conditions" 
is not recommended 
and ex- 
tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may aHect device reliability. 


Ambient 
Temperature 
Under Bias 
O·C to 70·C 


Storage Temperature 
-65·C 
to + 150·C 


Voltage 
On Any Pin 
with Respect 
to Ground 
- 0.5V to + 7V 


Power Dissipation 
1.5W 


Symbol 
Parameter 
Min 
Max 
Units 
Test Conditions 


Ice 
Power Supply Current 
-Single 
8206 or 
270 
mA 
Slave #1 
-Master 
in Multi-Chip 
230 
mA 
or Slaves 
# 2, 3, 4 


VIL(l) 
Input Low Voltage 
-0.5 
0.8 
V 


VIH(l) 
Input High Voltage 
2.0 
Vee + 
V 


,. 
0.5V 


VOL 
Output Low Voltage 
-DO 
0.45 
V 
IOL = 8 mA 


-All 
Others 
0.45 
V 
IOL = 2.0mA 


VOH 
Output High Voltage 
-DO,CBO 
2.6 
V 
IOH = -2mA 
-All 
Other Outputs 
2.4 
V 
IOH = -0.4 
mA 


ILa 
1/0 Leakage Current 
-PPI4/CE 
±20 
/-LA 
0.45V 
S; VI/O S; Vee 
-DO/WDI0_15 
±10 
/-LA 


III 
Input Leakage Current 
-PPI0-3, 
5-7, CB16-7, SEDCU(2) 
±20 
/-LA 
OV S; VIN S; Vee 
-All 
Other Input Only Pins 
±10 
/-LA 


NOTES: 
1. SEDCU (pin 3) and MIS (pin 4) are device strapping options and should be tied to Vcc or GND. VIH min = Vcc -0.5V 
and VIL max = 0.5V. 
2. PP10-7(pins 13-20) and eBI6-7 (pins 11,12) have internal pull-up resistors and if left unconnected will be pulled to Vcc. 


2.,=x 
>C 


2.0 
2.0 


0.' > TEST POINTS< 0.' 


0.45 
---------. 


OEVICE 
UNDER 
TEST 


205220-14 
A.C. Testing:Inputsaredrivenat 2.4Vfora Logic"1" and0.45V 
for a Logic"0". Timingmeasurementsare madeat 2.0Vfor a 
Logic"1" and0.8Vfora Logic"0". 


Symbol 
Parameter 
8206-1 
8206 
Notes 
Min 
Max 
Mln 
Max 


TRHEV 
ERROR Valid from R/W t 
20 
25 


TRHCV 
CE Valid from R/W t (Single 8206) 
34 
44 


TRHQV 
Corrected 
Data Valid from RW t 
44 
54 
1 


TRVSV 
SYO/CBO/PPO 
Valid from R/W 
32 
42 
1 


TOVEV 
ERROR Valid from Data/Check 
Bits In 
35 
42 


Tovcv 
CE Valid from Data/Check 
Bits In 
50 
70 


TOVQV 
Corrected 
Data Valid from Data/Check 
Bits In 
55 
67 


Tovsv 
SYO/PPO 
Valid from Data/Check 
Bits In 
40 
55 


TBHQV 
Corrected 
Data Access Time 
35 
37 


TBXQX 
Hold Time from Data/Check 
Bits In 
0 
0 
1 


TBlQZ 
Corrected 
Data Float Delay 
0 
25 
0 
28 
1 


TSHIV 
STB High to Data/Check 
Bits In Valid 


,. 


30 
30 
2 


TIVSl 
Data/Check 
Bits In to STB.j, 
Set-Up 
5 
5 


TSlIx 
Data/Check 
Bits In from STB.j, 
Hold 
15 
25 


TpVEV 
ERROR Valid from Partial Parity In 
21 
30 
3 


TpVQV 
Corrected 
Data (Master) from Partial Parity In 
46 
61 
1,3 


Tpvsv 
Syndrome/Check 
Bits Out from Partial Parity In 
32 
43 
1,3 


TSVQV 
Corrected 
Data (Slave) Valid from Syndrome 
41 
51 
3 


Tsvcv 
CE Valid from Syndrome 
(Slave Number 1) 
43 
48 
3 


TQVQV 
Check Bits/Partial 
Parity Out from Write Data In 
44 
64 
1 


TRHSX 
Check Bits/Partial 
Parity Out from R/W, WZ Hold 
0 
0 
1 


TRlSX 
Syndrome 
Out from R/W Hold 
0 
0 


TQXQX 
Hold Time from Write Data In 
0 
0 
1 


TSVRl 
Syndrome 
Out to R/W.j, 
Set-Up 
.. 
5 
17 
3 


TOVRl 
Data/Check 
Bits to R/W Set-Up 
. 
24 
39 
1 


TOVQU 
Uncorrected 
Data Out from Data In 
29 
32 


TTVQV 
Corrected 
Data Out from CRCT .j, 
25 
30 


TWlQl 
WZ.j, 
to Zero Out 
25 
30 


TWHQX 
Zero Out from WZ t Hold 
0 
0 
0 


NOTES: 
1. A.C. Test levels for CBO and 00 are 2.4V and O.8V. 
2. TSHIVis required to guarantee output delay timings: TDVEV.TDVCV.TDVQV.TDVSV,TSHIV+ TIVSLguarantees a min STB 
pulse width of 35 ns. 
3. Not required for 8/16 bit systems. 
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• Provides 
All Signals Necessary 
to 
• Fast Cycle Support 
for 8 MHz 80286 
Control 
16K, 64K and 256K Dynamic 
with 8207-16 
RAMs 
• Slow Cycle Support 
for 8 MHz, 10 MHz 
• Directly 
Addresses 
and Drives up to 2 
8086/88, 
80186/188 
with 8207-8, 
Megabytes 
without 
External 
Drivers 
8207-10 
• Supports 
Single and Dual-Port 
• Provides 
Signals to Directly 
Control 
the 
Configurations 
8206 Error Detection 
and Correction 
• Automatic 
RAM Initialization 
in All 
Unit 


Modes 
• Supports 
Synchronous 
or 
• Four Programmable 
Refresh 
Modes 
Asynchronous 
Operation 
on Either Port 
• Transparent 
Memory 
Scrubbing 
in ECC 
• 68 Lead JEDEC Type A Leadless 
Chip • 


Mode 
Carrier 
(LCC) and Pin Grid Array (PGA), 
Both \n Ceramic. 


The 
Intel 8207 
Dual-Port 
Dynamic 
RAM Controller 
is a high-performance, 
systems-oriented, 
Dynamic 
RAM 
controller 
that is designed 
to easily interface 
16K, 64K and 256K Dynamic 
RAMs to Intel and other microproc- 
essor 
systems. 
A dual-port 
interface 
allows 
two different 
busses 
to independently 
access 
memory. 
When 
configured 
with an 8206 Error Detection 
and Correction 
Unit the 8207 supplies the necessary 
logic for design- 
ing large error-corrected 
memory 
arrays. This combination 
provides 
automatic 
memory initialization 
and trans- 
parent memory 
error scrubbing. 


LEN 
XACKAIACKA 
XACK8IACKB 
~ 
AACKBlPJW 
oeM 
UTI 
MUlUPCLK 
PSEL 
PSEN 
WE 


AD' 
ftl' 
l'CTL' 
PO 


Vcc.- 


Vss- 
ClK_ 
AESET_ 


inter 


Symbol 
Pin 
Type 
Name and Function 


LEN 
1 
0 
ADDRESS 
LATCH 
ENABLE: 
In two-port 
configurations, 
when Port A is 
running with iAPX 286 Status interface 
mode, this output replaces 
the ALE 
signal from the system bus controller 
of port A and generates 
an address 
latch enable signal which provides 
optimum 
setup and hold timing for the 
8207. This signal is used in Fast Gycle operation 
only. 


XAGKAI 
2 
0 
TRANSFER 
ACKNOWLEDGE 
PORT A/ ACKNOWLEDGE 
PORT A: In non- 
AGKA 
EGG mode, this pin is XAGKA and indicates 
that data on the bus is valid 
during a read cycle or that data may be removed 
from the bus during a write 
cycle for Port A. XAGKA is a Multibus-compatible 
signal. In EGG mode, this 
pin is AGKA which can be configured, 
depending 
on the programming 
of the X 
program 
bit, as an XAGK or AAGK strobe. The SA programming 
bit 
determines 
whether the AAGK will be an early EAAGKA or a late LAAGKA 
interface 
signal. 


XAGKB/ 
3 
0 
TRANSFER 
ACKNOWLEDGE 
PORT B/ ACKNOWLEDGE 
PORT B: In non- 
AGKB 
EGG mode, this pin is XAGKB and indicates 
that data on the bus is valid 
during a read cycle or that data may be removed 
from the bus during a write 
cycle for Port B. XAGKB is a Multibus-compatible 
signal. In EGG mode, this 
pin is AGKB which can be configured, 
depending 
on the programming 
of the X 
program 
bit, as an XAGK or AAGK strobe. The SB programming 
bit 
determines 
whether 
the AAGK will be an early EAAGKB or a late LAAGKB 
interface 
signal. 


AAGKAI 
4 
0 
ADVANCED 
ACKNOWLEDGE 
PORT A/WRITE 
ZERO: In non-EGG mode, 


WZ 
this pin is AAGKA and indicates 
that the processor 
may continue 
processing 
and that data will be available when required. This signal is optimized 
for the 
system by programming 
the SA program 
bit for synchronous 
or asynchronous 
operation. 
In EGG mode, after a RESET, this signal will cause the 8206 to 
force the data to all zeros and generate 
the appropriate 
check bits. 


AAGKB/ 
5 
0 
ADVANCED 
ACKNOWLEDGE 
PORT B/READ/WRITE: 
In non-EGG mode, 
R/IN 
this pin is AAGKB and indicates 
that the processor 
may continue 
processing 
and that data will be available 
when required. This signal is optimized 
for the 
system by programming 
the SB program 
bit for synchronous 
or asynchronous 
operation. 
In EGG mode, this signal causes the 8206 EDGU to latch the 
syndrome 
and error flags and generate 
check bits. 


DBM 
6 
0 
DISABLE 
BYTE MARKS: 
This is an EGG control output signal indicating 
that 
a read or refresh cycle is occurring. 
This output forces the byte address 
decoding 
logic to enable all 8206 data output buffers. 
In EGG mode, this 
output is also asserted 
during memory initialization 
and the 8-cycle dynamic 
RAM wake-up 
exercise. 
In non-EGG systems this signal indicates 
that either a 
read, refresh or 8-cycle warm-up 
is in progress. 


ESTB 
7 
0 
ERROR STROBE: 
In EGG mode, this strobe is activated 
when an error is 
detected 
and allows a negative-edge 
triggered 
flip-flop 
to latch the status of 


the 8206 EDGU GE for systems with error logging capabilities. 
ESTB will not 
be issued during refresh cycles. 


LOGK 
8 
I 
LOCK: This input instructs 
the 8207 to lock out the port not being serviced 
at 
the time LOGK was issued. 


Vcc 
9 
I 
DRIVER 
POWER: + 5 volts. Supplies Vcc for the output drivers. 


43 
LOGIC POWER: + 5 volts. Supplies Vcc for the internal 
logic circuits. 


GE 
10 
I 
CORRECTABLE 
ERROR: This is an EGG input from the 8206 EDGU which 
instructs 
the 8207 whether 
a detected 
error is correctable 
or not. A high input 
indicates 
a correctable 
error. A low input inhibits the 8207 from activating 
WE 
to write the data back into RAM. This should be connected 
to the GE output of 
the 8206. 


inter 


Symbol 
Pin 
Type 
Name and Function 


ERROR 
11 
I 
ERROR: This is an ECC input from the 8206 EOCU and instructs 
the 8207 
that an error was detected. 
This pin should be connected 
to the ERROR 
output of the 8206. 


MUX/ 
12 
0 
MULTIPLEXER 
CONTROL/PROGRAMMING 
CLOCK: Immediately 
after a 


PClK 
RESET this pin is used to clock serial programming 
data into the POI pin. In 
normal two-port 
operation, 
this pin is used to select memory addresses 
from 
j, 
the appropriate 
port. When this signal is high, port A is selected 
and when it is 
low, port B is selected. 
This signal may change 
state before the completion 
of 
a RAM cycle, but the RAM address hold time is satisfied. 


PSEl 
13 
0 
PORT SELECT: This signal is used to select the appropriate 
port for data 
transfer. 
When this signal is high port A is selected 
and when it is low port B is 
selected. 


PSEN 
14 
0 
PORT SELECT ENABLE: This signal used in conjunction 
with PSEl 
provides 
contention-free 
port exchange 
on the data bus. When PSEN is low, port 
selection 
is allowed to change state. 


WE 
15 
0 
WRITE ENABLE: This signal provides the dynamic 
RAM array the write 
enable input for a write operation. 


FWR 
16 
I 
FULL WRITE: This is an ECC input signal that instructs 
the 8207, in an ECC 
configuration, 
whether the present write cycle is normal RAM write (full write) 
or a RAM partial write (read-modify-write) 
cycle. 


RESET 
17 
I 
RESET: This signal causes all internal counters 
and state flip-flops 
to be reset 
and upon release of RESET, data appearing 
at the POI pin is clocked 
in by the 
PClK 
output. The states of the POI, PCTLA, PCTlB 
and RFRO pins are 
sampled 
by RESET going inactive and are used to program the 8207. An 8- 
cycle dynamic 
RAM warm-up 
is performed 
after clocking 
POI bits into the 
8207. 


CASO-CAS3 
18-21 
0 
COLUMN 
ADDRESS 
STROBE: These outputs are used by the dynamic 
RAM 
array to latch the column address, present on the AOO-8 
pins. These outputs 
are selected 
by the BSO and BS1 as programmed 
by program 
bits RBO and 
RB1. These outputs drive the dynamic 
RAM array directly and need no 
external drivers. 


RASO-RAS3 
22-25 
0 
ROW ADDRESS 
STROBE: These outputs are used by the dynamic 
RAM 
array to latch the row address, present on the AOO-8 
pins. These outputs are 
selected 
by the BSO and BS1 as programmed 
by program 
bits RBO and RB1. 


These outputs drive the dynamic 
RAM array directly and need no external 
drivers. 


VSS 
26 
I 
DRIVER 
GROUND: 
Provides a ground for the output drivers. 
60 
I 
LOGIC GROUND: 
Provides a ground for the remainder 
of the device. 


AOO-A08 
35-27 
0 
ADDRESS 
OUTPUTS: 
These outputs are designed 
to provide the row and 
column addresses 
of the selected 
port to the dynamic 
RAM array. These 
outputs drive the dynamic 
RAM array directly and need no external 
drivers. 


BSO-BS1 
36-37 
I 
BANK SELECT: These inputs are used to select one of four banks of the 
dynamic 
RAM array as defined 
by the program 
bits RBO and RB1. 


AlO-Al8 
38-42 
I 
ADDRESS 
LOW: These lower-order 
address inputs are used to generate 
the 
44-47 
row address for the internal address multiplexer. 


AHO-AH8 
48-56 
I 
ADDRESS 
HIGH: These higher-order 
address inputs are used to generate 
the column address for the internal address multiplexer. 
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Symbol 
Pin 
Type 
Name and Function 


POI 
57 
I 
PROGRAM 
DATA 
INPUT: This input programs 
the various user-selectable 
options in the 8207. The PClK 
pin shifts programming 
data into the POI input 
from optional 
external shift registers. 
This pin may be strapped 
high or low to 
a default ECC (POI = logic 
"1") 
or non-ECC (POI = logic 
"0") 
mode 
configuration. 


RFRO 
58 
I 
REFRESH 
REQUEST: 
This input is sampled 
on the falling edge of RESET. If 
it is high at RESET, then the 8207 is programmed 
for internal refresh request 
or external 
refresh request with failsafe protection. 
If it is low at RESET, then 
the 8207 is programmed 
for external 
refresh without failsafe 
protection 
or 
burst refresh. Once programmed 
the RFRO pin accepts 
signals to start an 
external 
refresh with failsafe 
protection 
or external 
refresh without failsafe 
protection 
or a burst refresh. 


ClK 
59 
I 
CLOCK: 
This input provides the basic timing for sequencing 
the internal 
logic. 


ROB 
61 
I 
READ FOR PORT B: This pin is the read memory request command 
input for 
port B. This input also directly accepts 
the S1 status line from Intel 
processors. 


WRB 
62 
I 
WRITE 
FOR PORT B: This pin is the write memory request command 
input 
for port B. This input also directly accepts 
the SO status line from Intel 
processors. 


PEB 
63 
I 
PORT ENABLE 
FOR PORT B: This pin serves to enable a RAM cycle request 
for port B. It is generally 
decoded 
from the port address. 


PCTlB 
64 
I 
PORT CONTROL 
FOR PORT B: This pin is sampled 
on the falling edge of 
RESET. If low after RESET, the 8207 is programmed 
to accept 
memory read 
and write commands, 
Multibus commands 
or iAPX 286 status inputs. If high 
after RESET, the 8207 is p~rammed 
to accept status inputs from iAPX 86 or 
iAPX 186 processors. 
The S2 status line should be connected 
to this input if 
programmed 
to accept iAPX 86 or iAPX 186 status inputs. When programmed 
to accept commands 
or iAPX 286 status, it should be tied low or it may be 
used as a Multibus-compatible 
inhibit signal. 


ROA 
65 
I 
READ FOR PORT A: This pin is the read memory request command 
input for 
port A. This input also directly accepts 
the S1 status line from Intel 
processors. 


WRA 
66 
I 
WRITE 
FOR PORT A: This pin is the write memory 
request command 
input 
for port A. This input also directly accepts 
the SO status line from Intel 
processors. 


PEA 
67 
I 
PORT ENABLE 
FOR PORT A: This pin serves to enable a RAM cycle request 
for port A. It is generally 
decoded 
from the port address. 


PCTLA 
68 
I 
PORT CONTROL 
FOR PORT A: This pin is sampled 
on the falling edge of 
RESET. If low after RESET, the 8207 is programmed 
to accept memory read 
and write commands, 
Multibus commands 
or iAPX 286 status inputs. If high 
, 
after RESET, the 8207 is p~rammed 
to accept status inputs from iAPX 86 or 
iAPX 186 processors. 
The S2 status line should be connected 
to this input if 
programmed 
to accept iAPX 86 or iAPX 186 status inputs. When programmed 
to accept commands 
or iAPX 286 status, it should be tied low or it may be 
connected 
to INHIBIT when operating 
with Multibus. 


The Intel 8207 Dual-Port Dynamic RAM Controller is 
a microcomputer peripheral device which provides 
the necessary signals to address, refresh and direct- 
ly drive 16K, 64K and 256K dynamic RAMs. This 
controller also provides the necessary arbitration cir- 
cuitry to support dual-port access of the dynamic 
RAM array. 


The 8207 supports several microprocessor interface 
options including synchronous and asynchronous 
connection 
to 
iAPX 
86, 
iAPX 
88, 
iAPX 
186, 
iAPX 188, iAPX 286 and Multibus. 


This device may be used with the 8206 Error Detec- 
tion and Correction Unit (EDCU). When used with 
the 8206, the 8207 is programmed in the Error 
Checking and Correction (ECG)mode. In this mode, 
the 8207 provides all the necessary control signals 
for the 8206 to perform memory initialization and 
transparent error scrubbing during refresh. 


The 8207 has control circuitry for two ports each 
capable of supporting one of several possible bus 


structures. The ports are independently configurable 
allowing the dynamic RAM to serve as an interface 
between two different bus structures. 


Each port of the 8207 may be programmed to run 
synchronous or asynchronous to the 
processor 
clock. (See Synchronous/Asynchronous Mode.) The 
8207 has been optimized to run synchronously with 
Intel's iAPX 86, iAPX 88, iAPX 186, iAPX 188, and 
iAPX 286. When the 8207 is programmed to run in 
asynchronous mode, the 8207 inserts the necessary 
synchronization circuitry for the RD, WR, PE, and 
PCTL inputs. 


The 8207 achieves high performance (Le., no wait 
states) by decoding the status lines directly from the 
iAPX 86, iAPX 88, iAPX 186, iAPX 188 and iAPX 286 
processors. The 8207 can also be programmed to 
receive read or write Multibus commands or com- 
mands from a bus controller. (See Status/Command 
Mode.) 


The 8207 may be programmed to accept the clock 
of the iAPX 86, 88, 186, 188 or 286. The 8207 ad- 
justs its internal timing to allow for the different clock 
frequencies of these microprocessors. (See Micro- 
processor Clock Frequency Option.) 


Figures 2A and 28 show the different processor in- 
terfaces to the 8207 using the synchronous or asyn- 
chronous mode and status or command interface. 


inter 


elK 
so 
:=51 
S2 


ADDR./DATA 


210463-2 
Slow-Cycle 
Synchronous- 
Status Interface 


210463-4 
Siow-Cycle 
Synchronous-Command 
Interface 


210463-5 
Slow-Cycle 
Asynchronous-Command 
Interface 


Single-Port 
Operation 


The use of an address latch with the iAPX 286 
status interface is not needed since the 8207 can 
internally latch the addresses with an internal signal 
similar in behavior to the LEN output. This operation 
is active only in single-port applications when the 
processor is interfaced to port A. 


Dual-Port Operation 


The 8207 provides for two-port operation. Two inde- 
pendent processors may access memory controlled 


by the 8207. The 8207 arbitrates between each of 
the processor requests and directs data to or from 
the appropriate port. Selection is done on a priority 
concept that reassigns priorities based upon past 
history. Processor requests are internally queued. 


Figure 3 shows a dual-port configuration with two 
iAPX 86 systems interfacing to dynamic RAM. One 
of the processor systems is interfaced synchronous- 
ly using the status interface and the other is inter- 
faced asynchronously also using the status inter- 
face. 


NOTE: 
Address 
latch 
not required 
in single-port 
mode. 
Fast-Cycle 
Synchronous-Status 
Interface 


210463-8 
Fast-Cycle 
Synchronous-Command 
Interface 


NOTE: 
Address 
latch not required 
in single-port 
mode. 
Fast-Cycle 
Asynchronous-Status 
Interface 


'MULTI-BUS 
Option 
Fast-Cycle 
Asynchronous-Command 
Interface 


Dynamic RAM Interface 


The 8207 is capable of addressing 16K, 64K and 
256K dynamic RAMs. Figure 4 shows the connec- 
tion of the processor address bus to the 8207 using 
the different RAMs. 


The 8207 divides memory into as man~ 
four 
banks, each bank having its own Row (RAS) and 
Column (CAS) Address Strobe pair. This organiza- 
tion permits RAM cycle interleaving and permits er- 


ror scrubbing during ECC refresh cycles. RAM cycle 
interleaving overlaps the start of the next RAM cycle 
with the RAM Precharge period of the previous cy- 
cle. Hiding the precharge period of one RAM cycle 
behind the data access period of the next RAM cy- 
cle optimizes memory bandwidth and is effective as 
long as successive RAM cycles occur in alternate 
banks. 


Successive data access to the same bank will cause 
the 8207 to wait for the precharge time of the previ- 
ous RAM cycle. 


• 


•.•.... 
f::) 
READY RDYl ~I 
OTHER leK 
INPUTS 
~ 
MEMORY 
MEMORY 


CLK 
(U•••• RI 
(lOWER) 
•.•.... 
I 
P 
A 
ROY 1 READY 
t 


CLK 
WE 
Dt 
DD 
WE 
01 
DD 
CLK 
~JlIIII 


I 


ALE - 
~ 
t 


.211· 
DEN 
CLK 
- 
~~ 
OT/R 
••••• 
eLK .ACKA 
AOoa 
RASo 3 
ffi~ 
DEN 
OT/A r-- 


52 
S, 
SO 
CAS" 
- ~ 
%~ 
ALE 


T 
T 


WE 


REAOY elK 
52 
~ 
SO 
$1 52 
CLK 
READY 
I 
PeTlA 
I 
I 
T 
51 
RDA 
1207 
PeTLI 
_ 
1 
52 


RDI 
51 
SO 
WRA 
SO 
WRI 


~ 


MUX 


~ 
W 
.- 


STJ 


AHo,ALo. 
PSEN PSEL 
74L$74 
74lS74 
...., 
101" 
~ > 
10'. 


DE 
ST' 
1 


~ 


1213 
~ 
ADDRIDATA 
LATCH 
I 
t::fT 


....•....•• 
ADORlO.TA 
I 
- 
~ 
~rl 


EXTENDED 
MEMORY 
U 
STI 
10 


IIVTE I 
PORT A-SYNCHAONO 
:::4 MARK 
1203 I-- 
PORT B-ASYHCHRON 
~ 
LATCH 
"' 
LATCH I-- 
•• 
L- 
..-.l 


5TII 
O£ 
DE 
STO 
~ 


1213 
/ 
I-- 


~.-J 


11 
1203 
•• 
~ 
LATCH 
"--- 
- 
ST8 
OE 
c...:::=: 


A 
1203 
LATCH 
~ 
11 
"---- 


SING STATUS 


us; 


DUS 


NOTE: 
'These 
components 
are not necessary 
when using the 80186 
components. 
These 
functions 
are provided 
directly 
by the 80186. 


NOTES: 
1. Unassigned 
address 
input pins should 
be strapped 
high or low. 
2. AO along with SHE are used to select 
a byte within 
a processor 
word. 
3. Low order 
address 
bits are used as bank select 
inupts 
so that consecutive 
memory 
access 
requests 
are to alternate 
banks 
allowing 
bank interleaving 
of memory 
cycles. 


If not all RAM banks 
are occupied. 
the 8207 
reas- 
signs the RAS and CAS strobes 
to allow using wider 
data 
words 
without 
increasing 
the 
loading 
on the 
RAS and CAS drivers. 
Table 
2 shows 
the bank se- 
lection 
decoding 
and the word expansion. 
including 
RAS and CAS assignments. 
For example. 
if only two 
RAM 
banks 
are occupied. 
then 
two 
RAS and two 
CAS strobes 
are activated 
per bank. 
Program 
bits 
RB1 and RBO are not used to check the bank select 
inputs 
BS1 and BSO. The system 
design 
must pro- 
tect from 
accesses 
to "illegal". 
non-existent 
banks 
of 
memory. 
by deactivating 
the 
PEA. 
PEB 
inputs 
when addressing 
an illegal bank. 


The 8207 can interface 
to fast or slow RAMs. 
The 
8207 adjusts and optimizes 
internal timings for either 
the fast or slow 
RAMs 
as programmed. 
(See RAM 
Speed 
Option.) 


Memory 
Initialization 


After 
programming. 
the 
8207 
performs 
eight 
RAM 
"warm-up" 
cycles 
to prepare 
the dynamic 
RAM for 
proper 
device 
operation. 
During 
"warm-up" 
some 
RAM parameters. 
such as tRAH. tASC. may not be 
met. This causes 
no harm to the dynamic 
RAM ar- 
ray. If configured 
for operation 
with error correction. 
the 8207 and 8206 EDCU will proceed 
to initialize all 
of memory 
(memory 
is written 
with zeros with corre- 
sponding 
check 
bits). 


Table 2. Bank Selection 
Decoding 
and Word Expansion 


Program 
Bank 
Bits 
Input 
RAS/CAS 
Pair 
Allocation 
RB1 
RBO 
BS1 
BSO 


0 
0 
0 
0 
RASo_3. CASO_3 to Bank 0 


0 
0 
0 
1 
Illegal 


0 
0 
1 
0 
Illegal 
, 


0 
0 
1 
1 
Illegal 


0 
1 
0 
0 
RASo, 1. CASO,l to Bank 0 


0 
1 
0 
1 
RAS2,3. CAS2,3 to Bank 1 


0 
1 
1 
0 
Illegal 


0 
1 
1 
1 
Illegal 


1 
0 
0 
0 
RASo. CASo to Bank 0 


1 
0 
0 
1 
RAS1. CAS1 to Bank 1 


1 
0 
1 
0 
RAS2. CAS2 to Bank 2 


1 
0 
1 
1 
Illegal 


1 
1 
0 
0 
RASo. CASo to Bank 0 


1 
1 
0 
1 
RAS1• CAS1 to Bank 1 


1 
1 
1 
0 
RAS2. CAS2 to Bank 2 


1 
1 
1 
1 
RAS3. CAS3 to Bank 3 


inter 


Because 
the time to initialize 
memory 
is fairly long, 


the 8207 may be programmed 
to skip initialization 
in 


ECC mode. The time required to initialize all of mem- 
ory is dependent 
on the clock cycle time to the 8207 
and can be calculated 
by the following 
equation: 


For operation 
with 
Error 
Checking 
and 
Correction 


(ECG), 
the 
8207 
adjusts 
its 
internal 
timing 
and 


changes 
some 
pin functions 
to optimize 
perform- 


ance 
and provide 
a clean 
dual-port 
memory 
inter- 
face 
between 
the 
8206 
EDCU 
and 
memory. 
The 
8207 
directly 
supports 
a master-only 
(16-bit 
word 
plus 6 check bits) system. 
Under extended 
operation 
and reduced 
clock 
frequency, 
the 8207 will support 


any ECC master-slave 
configuration 
up to 80 data 


bits, which 
is the maximum 
set by the 8206 EDCU. 
(See Extend Option.) 


Correctable 
errors detected 
during memory 
read cy- 


cles 
are 
corrected 
immediately 
and 
then 
written 


back into memory. 


In a synchronous 
bus environment, 
ECC system per- 


formance 
has been optimized 
to enhance 
processor 


throughput, 
while 
in an asynchronous 
bus environ- 
ment (the Multibus), 
ECC performance 
has been op- 
timized 
to get valid data onto the bus as quickly 
as 


possible. 
Performance 
optimization, 
processor 


throughput 
or quick data access may be selected 
via 


the Transfer 
Acknowledge 
Option. 


The 
main 
difference 
between 
the two 
ECC imple- 


mentations 
is that, 
when 
optimized 
for 
processor 


throughput, 
RAM 
data 
is always 
corrected 
and an 
advanced 
transfer 
acknowledge 
is issued at a point 
when, 
by 
knowing 
the 
processor 
Characteristics, 
data is guaranteed 
to be valid by the time the proc- 
essor needs it. 


When 
optimized 
for 
quick 
data 
access, 
(valid 
for 
Multibus) 
the 8206 is configured 
in the uncorrecting 


mode where the delay associated 
with error correc- 
tion circuitry 
is transparent, 
and a transfer 
acknowl- 


edge 
is issued 
as soon 
as valid 
data 
is known 
to 


exist. If the ERROR flag is activated, 
then the trans- 
fer acknowledge 
is delayed 
until after the 8207 has 


instructed 
the 8206 to correct 
the data and the cor- 


rected data becomes 
available 
on the bus. Figure 5 


illustrates 
a dual-port 
ECC system. 


Figure 6 illustrates 
the interface 
required to drive the 


CRCT 
pin of the 
8206,in 
the 
case 
that 
one 
port 


(PORT A) receives 
an advanced 
acknowledge 
(not 


Multibus-compatible), 
while the other port (PORT B) 


receives 
XACK (which is Multibus-compatible). 


The 8207/8206 
performs 
error correction 
during re- 


fresh cycles 
(error scrubbing). 
Since the 8207 must 


refresh 
RAM, performing 
error scrubbing 
during 
re- 


fresh allows it to be accomplished 
without 
additional 


performance 
penalties. 


Upon detection 
of a correctable 
error during refresh, 


the RAM refresh 
cycle is lengthened 
slightly 
to per- 


mit the 8206 to correct 
the error and for the correct- 


ed word to be rewritten 
into memory. 
Uncorrectable 


errors detected 
during scrubbing 
are ignored. 


The '8207 provides 
an internal 
refresh 
interval 
coun- 


ter and a refresh address 
counter 
to allow the 8207 


to refresh 
memory. 
The 8207 will refresh 
128 rows 


every 
2 milliseconds 
or 256 rows every 
4 millisec- 


onds, 
which 
allows 
all RAM 
refresh 
options 
to be 


supported. 
In addition, 
there 
exists the ability to re- 


fresh 
256 
row address 
locations 
every 
2 millisec- 


onds via the Refresh 
Period programming 
option. 


The 8207 may be programmed 
for any of four differ- 


ent 
refresh 
options: 
Internal 
refresh 
only, 
External 


refresh 
with 
failsafe 
protection, 
External 
refresh 


without 
failsafe 
protection, 
Burst 
Refresh 
mode, 
or 


no refresh. 
(See Refresh 
Options.) 


It is possible to decrease 
the refresh time interval 
by 


10%, 
20% 
or 30%. 
This option 
allows 
the 8207 to 


compensate 
for 
reduced 
clock 
frequencies. 
Note 


that an additional 
5% interval shortening 
is built-in in 


all refresh 
interval 
options 
to compensate 
for clock 


variations 
and non-immediate 
response 
to the inter- 


nally generated 
refresh 
request. 
(See Refresh 
Peri- 


od Options.) 


External Refresh Requests after 
RESET 


External 
refresh 
requests 
are not recognized 
by the 


8207 until after 
it is finished 
programming 
and pre- 


paring 
memory 
for access. 
Memory 
preparation 
in- 


cludes 
8 RAM cycles to prepare 
and ensure 
proper 
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Figure 6. Interface 
to 8206 CRCT Input 
when Port A Receives 
AACK 
and Port B Receives 
XACK 


dynamic 
RAM operation, 
and memory 
initialization 
if 
error ·correction 
is used. 
Many 
dynamic 
RAMs 
re- 
quire this warm-up 
period for proper 
operation. 
The 
time it takes 
for the 8207 to recognize 
a request 
is 
shown 
below. 
I 


Non-ECC 
Systems: 


TRESP 
= TpROG 
+ TpREP 


T PROG = (66) 
(T cLcLl 


which 
is programming 
time 


T PREP = (8) 
(32) 
(T cLcLl 


which 
is the RAM warm-up 
time 


if TCLCL = 125 ns then TRESP ~ 
41 J-l-s 


ECC Systems: 


T RESP 
= T PROG + T PREP + TINIT 


RESET is an asynchronous 
input, the falling edge of 
which is used by the 8207 to directly 
sample to logic 
levels of the PCTLA, PCTLB, RFRO, and POI inputs. 
The internally 
synchronized 
falling edge of RESET is 
used 
to begin 
programming 
operations 
(shifting 
in 
the contents 
of the 
external 
shift 
register 
into the 
POI input). 


Until 
programming 
is complete 
the 
8207 
registers 
but does not respond 
to command 
or status inputs. 
A simple 
means 
of preventing 
commands 
or status 
from 
occurring 
during 
this period 
is to differentiate 
the 
system 
reset 
pulse 
to obtain 
a smaller 
reset 
pulse for the 8207. The total time of the reset pulse 
and the 8207 programming 
time must be less than 
the time 
before 
the first command 
in systems 
that 
alter the default 
port synchronization 
programming 
bits (default 
is Port A synchronous, 
Port B asynchro- 


nous). Differentiated 
reset is unnecessary 
when the 
default 
port synchronization 
programming 
is used. 


The differentiated 
reset pulse would be shorter 
than 
the system 
reset pulse by at least the programming 
period required 
by the 8207. The differentiated 
reset 
pulse first resets the 8207, and system 
reset would 
reset the rest of the system. 
While 
the rest of the 
system 
is still in reset, the 8207 completes 
its pro- 
gramming. 
Figure 7 illustrates 
a circuit to accomplish 
this task. 


Within 
four clocks 
after 
RESET 
goes active, 
all the 
8207 outputs will go high, except for PSEN, WE, and 
AOO-2, 
which will go low. 


Programming 
the 8207 


The 8207 is programmed 
after reset. On the falling 
edge of RESET, the logic states of several input pins 
are latched internally. 
The falling edge of RESET ac- 
tually 
performs 
the latching, 
which 
means 
that 
the 
logic levels 
on these 
inputs 
must be stable 
prior to 
that time. The inputs whose 
logic levels are latched 
at the end of reset are the PCTLA, PCTLB, REFRO, 
and POI pins. Figure 8 shows 
the necessary 
timing 
for programming 
the 8207. 
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NOTES: 
1. Required 
only when 
the port synchronization 
options 
(SA & S8) are altered 
from their initial default 
values. 
2. VCC must be stable 
before 
system 
reset 
is activated 
when 
using this circuit. 


"'-~~:.JU U U U U U 
----.... 
---0.- 


WEI 
PClK 
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PDI 


NOTES: 
TRTVCL-Reset 
is an asynchronous 
input, if reset occurs 
before 
T1' then it is guaranteed 
to be recognized. 


TPGVCL-Minimum 
PDI valid time prior to reset going 
low. 


TCLPG-MUX/PCLK 
delay. 
TLOAD-Asynchronous 
load data propagation 
delay. 


The two processor 
ports of the 8207 are configured 
by the states 
of the PCTLA and PCTLB pins. Which 
interface 
is selected 
depends 
on the 
state 
of the 
individual 
port's 
PCTL 
pin at the 
end 
of 
reset. 
If 
PCTL is high at the end of the reset, the 8086 Status 
interface 
is selected; 
if it is low, then the Command 
interface 
is selected. 


The status lines of the 80286 are similar in code and 
timing 
to 
the 
Multibus 
command 
lines, 
while 
the 
status 
code 
and timing 
of the 
8086 
and 8088 
are 
identical 
to those 
of the 80186 
and 80188 
(ignoring 
the differences 
in clock 
duty cycle). 
Thos there 
ex- 
ists two interface 
configurations, 
one for the 80286 
status 
or 
Multibus 
memory 
commands, 
which 
is 
called 
the 
Command 
interface, 
and one 
for 8086, 
8088, 80186 or 80188 status, called the 8086 Status 
interface. 
The Command 
interface 
can also directly 
interface 
to the command 
lines of the bus controllers 
for the 8086, 8088, 80186 and the 80286. 


The 8086 Status interface 
allows direct decoding 
of 
the status of the iAPX 86, iAPX 88, iAPX 186 and the 
iAPX 188. Table 
3 shows 
how the status 
lines are 
decoded. 
While in the Command 
mode the iAPX 286 
status can be directly 
decoded. 
Microprocessor 
bus 
controller 
read or write commands 
or Multibus 
com- 
mands 
can 
also 
be directed 
to the 
8207 
when 
in 
Command 
mode. 


Immediately 
after 
system 
reset, 
the 
state 
of 
the 
REFRQ input pin is examined. 
If REFRQ is high, the 
8207 
provides 
the 
user 
with 
the 
choice 
between 
self-refresh 
or user-generated 
refresh 
with 
failsafe 
protection. 
Failsafe 
protection 
guarantees 
that if the 


Table 
3A. Status 
Coding 
of 
8086,80186 
and 80286 


Status 
Code 
Function 


S2 
Sl 
SO 
8086/80186 
80286 


0 
0 
0 
Interrupt 
Interrupt 


0 
0 
1 
I/O Read 
1/0 Read 


0 
1 
0 
I/O Write 
1/0 Write 


0 
1 
1 
Halt 
Idle 


1 
0 
0 
Instruction 
Fetch 
Halt 


1 
0 
1 
Memory Read 
Memory 
Read 


1 
1 
0 
Memory Write 
Memory Write 


1 
1 
1 
Idle 
Idle 


8207 
Function 
Command 


8086/80186 
80286 Status 
or 
PCTL 
RD 
WR 
Status 
Command 
Interface 
Interface 


0 
0 
0 
Ignore 
Ignore" 
0 
0 
1 
Ignore 
Read 
0 
1 
0 
Ignore 
Write 
0 
1 
1 
Ignore 
Ignore" 


1 
0 
0 
Read 
Ignore 
1 
0 
1 
Read 
Inhibit 
1 
1 
0 
Write 
Inhibit 
1 
1 
1 
Ignore 
Ignore 


• 


inter 


user does 
not come 
back with another 
refresh 
re- 
quest 
before 
the 
internal 
refresh 
interval 
counter 
times 
out, 
a refresh 
request 
will 
be automatically 
generated. 
If the REFRQ pin is low immediately 
after 
a reset, 
the 8207 
is programmed 
in a non-failsafe 
refresh mode. In this mode the refresh cycle is initia- 
ted only upon receipt of an external 
refresh 
request. 


The user has the choice 
of a single external 
refresh 
cycle, burst refresh 
or no refresh. 


Internal Refresh Only 


For the 8207 to generate 
internal 
refresh requests, 
it 
is necessary 
only to strap the REFRQ input pin high. 


To allow 
user-generated 
refresh 
requests 
with fail- 
safe protection, 
it is necessary 
to hold the REFRQ 
input high until after reset. Thereafter, 
a low-to-high 
transition 
on this input causes 
a refresh 
request 
to 
be generated 
and the internal 
refresh 
interval 
coun- 
ter to be reset. A high-to-Iow 
transition 
has no effect 
on the 
8207. 
A refresh 
request 
is not 
recognized 
until a previous 
request 
has been serviced. 


To gen~rate 
single external 
refresh requests 
without 
failsafe 
protection, 
it is necessary 
to hold 
REFRQ 
low 
until 
after 
reset. 
Thereafter, 
bringing 
REFRQ 
high for one clock 
period causes 
refresh 
request 
to 
be generated. 
A refresh 
request 
is not recognized 
unitl a previous 
request 
has been serviced. 


Burst refresh 
is implemented 
through 
the same pro- 
cedure 
as a single 
external 
refresh 
without 
failsafe 
(Le., REFRQ is kept low until after reset). Thereafter, 
bringing 
REFRQ 
high for at least two clock 
periods 
causes a burst of up to 128 row address 
locations 
to 
be refreshed. 


The 
ECC-configured 
systems, 
128 
locations 
are 
scrubbed. 
Any refresh request is not recognized 
until 
a previous 
request 
has 
been 
serviced 
(Le., burst 
completed). 


It is necessary 
to hold REFRQ 
low until after reset. 


This is the same as programming 
External 
Refresh 
without 
Failsafe. 
No 
refresh 
is 
accomplished 
by 
keeping 
REFRQ 
low. 


Option Program Data Word 


The program 
data word consists 
of 16 program 
data 
bits, POO-P015. 
If the first program 
data bit shifted 
into the 8207 
(POO) is set to logic 
1, the 8207 
is 
configured 
to support 
ECC. If it is logic 0, the 8207 is 
configured 
to support 
a non-ECC 
system. 
The 
re- 
maining 
bits, P01-P015, 
may then be programmed 
to optimize 
a selected 
configuration. 
Figures 
9 and 
10 show the Program 
words for non-ECC 
and ECC 
operation. 


Using an External Shift Register 


The 8207 may be configured 
to use an external 
shift 
register with asynchronous 
load capability 
such as a 
74LS165. 
The reset pulse serves to parallel load the 
shift register and the 8207 supplies 
the clocking 
sig- 
nal to shift the data in. Figure 
11 shows 
a sample 
circuit diagram 
of an external 
shift register 
circuit. 


Serial 
data is shifted 
into the 8207 via the POI pin 
(57), and clock 
is provided 
by the 
MUX/PCLK 
pin 
(12), which generates 
a total of 16 clock pulses. 
Af- 
ter programming 
is complete, 
data appearing 
at the 
input of the POI pin is ignored. 
MUX/PCLK 
is a dual- 
function 
pin. During programming, 
it serves 
to clock 
the external 
shift register, 
and after programming 
is 
completed, 
it reverts to a MUX conrol 
pin. As the pin 
changes 
state 
to select 
different 
port addresses, 
it 
continues 
to clock 
the shift 
register. 
This does 
not 
present 
a problem 
because 
data at the 
POI pin is 
ignored 
after 
programming. 
Figure 
8 illustrates 
the 
timing requirements 
of the shift register 
circuitry. 


The state of POI (Program 
Data In) pin at reset de- 
termines 
whether 
the system 
is an ECC or non-ECC 
configuration. 
It is used internally 
by the 8207 to be- 
gin configuring 
timing circuits, 
even before 
program- 
ming is completely 
finished. 
The 8207 then 
begins 
programming 
the rest of the options. 


After reset, the 8207 serially shifts in a program 
data 
word via the POI pin. This pin may be strapped 
either 
high or low, or connected 
to an external 
shift regis- 
ter. Strapping 
POI high causes the 8207 to default to 
a particular 
system 
configuration 
with error 
correc- 
tion, and strapping 
it low causes the 8207 to default 
to 
a particular 
system 
configuration 
without 
error 
correction. 
Table 4 shows the default configurations. 


Program 
Name 
Polarity IFunction 
Data Bit 


PD~ 
ECC 
ECC = 0 For Non-ECC Mode 


PD1 
SA 
SA = 0 
Port A is Synchronous 
SA = 1 
Port A is Asnychronous 


PD2 
SB 
SB = 0 
Port B is Asynchronous 
SB = 1 
Port B is Synchronous 


PD3 
CFS 
CFS = 0 Fast-Cycle 
iAPX 286 Mode 
CFS ~ 1 Slow-Cycle 
iAPX 86 Mode 


PD4 
RFS 
RFS = 0 Fast RAM 
RFS = 
1 Slow RAM 


PD5 
RBO 
RAM Bank Occupancy 
\ 


PD6 
RB1 
See Table 2 


PD? 
CI1 
Count Interval Bit 1; see Table 6 
PD8 
CIO 
Count Interval Bit 0; see Table 6 


PD9 
PLS 
PLS = 0 
Long Refresh Period 
PLS = 1 
Short Refresh 
Period 


PD10 
EXT 
EXT=O 
Not Extended 
EXT=1 
Extended 


PD11 
FFS 
FFS = 0 
Fast CPU Frequency 
FFS = 1 Slow CPU Frequency 


PD12 
PPR 
PPR = 0 Most Recently 
Used Port Priority 
PPR = 1 Port A Preferred 
Priority 


PD13 
TM1 
TM1 = 0 Test Mode 1 Off 
TM1 = 1 Test Mode 1 Enabled 


PD14 
0 
Reserved, 
Must be Zero 


PD15 
0 
Reserved, 
Must be Zero 


Program 
Name 
Polarity IFunction 
Data Bit 


PD~ 
ECC 
ECC = 1 ECC Mode 


P01 
SA 
SA = 0 
Port A Asynchronous 
SA = 1 
Port A Synchronous 


P02 
SB 
SB = 0 
Port B Synchronous 
SB = 1 
Port B Asynchronous 


P03 
CFS 
CFS = 0 Slow-Cycle 
iAPX 86 Mode 
CFS = 1 Fast-Cycle 
iAPX 286 Mode 


P04 
RFS 
RFS = 0 Slow RAM 
RFS = 1 Fast RAM 


P05 
XA 
XA = 0 
MUL TIBUS-Compatible 
ACKA 
XA = 1 
Advanced 
ACKA Not 
Multibus-Compatible 


P06 
XB 
Advanced 
ACKB Not Multibus-Compatible 
XB = 1 
Multibus-Compatible 
ACKB 


PO? 
err 
Count Interval Bit 1; see Table 6 
P08 
CIO 
Count Interval Bit 0; see Table 6 


P09 
PLS 
PLS = d 
Short Refresh 
Period 
PLS = 1 
Long Refresh 
Period 


P010 
EXT 
EXT = 0 
Master and Slave EOCU 
EXT = 1 Master EOCU Only 


P011 
FFS 
FFS = 0 
Slow CPU Frequency 
FFS = 1 
Fast CPU Frequency 


P012 
PPR 
PPR = 0 Port A Preferred 
Priority 
PPR = 1 Most Recently 
Used Port Priority 


P013 
RBO 
RAM Bank Occupancy 
P014 
RB1 
See Table 2 


P015 
TM2 
TM2 = 0 Test Mode 2 Enabled 
TM1 = 1 Test Mode 2 Off 


·~~- 
RESET 


Figure 11. External 
Shift Register 
Interface 


Table 4A. Default Non-ECC 
Programming, 
POI Pin (57) Tied to Ground 


Port A is Synchronous 
(EAACKA 
and XACKA) 


Port B is Asynchronous 
(LAACKB and XACKB) 


Fast-Cycle 
Processor 
Interface 
(iAPX 286) 


Fast RAM· 


Refresh 
Interval uses 236 Clocks 


128 Row Refresh in 2 ms; 256 Row Refresh in 4 ms 


Fast Processor 
Clock Frequency 
(16 MHz) 


"Most 
Recently 
Used" 
Priority Scheme 


4 RAM banks occupied 


Table 4B. Default ECC Programming, 
POI Pin (57) Tied to Vcc 


Port A is Synchronous 


Port B is Asynchronous 


Fast-Cycle 
Processor 
Interface 
(iAPX 286) 


Fast RAM 


Port A has EAACKA strobe (non-multibus) 


Port B has XACKB strobe (multibus) 


Refresh 
interval uses 236 clocks 


128 Row refresh in 2 ms; 256 Row refresh in 4 ms 


Master EDCU only (16-bit system) 


Fast Processor 
Clock Frequency 
(16 MHz) 


"Most 
Recently 
Used" 
Priority Scheme 


4 RAM banks ocuppied 


Synchronousl 
Asynchronous 
Mode 
(SA and SB Program Bits) 


Each port of the 8207 may be independently 
config- 
ured to accept 
synchronous 
or asynchronous 
port 
commands 
(RD, WR, PCTL) and 
Port Enable 
(PE) 


via the program 
bits SA and SB. The state of the SA 
and SB programming 
bits determine 
whether 
their 


associated 
ports are synchronous 
or asynchronous. 


While 
a 
port 
may 
be 
configured 
with 
either 
the 
Status 
or Command 
interface 
in the 
synchronous 
mode, certain 
restrictions 
exist in the asynchronous 
mode. 
An asynchronous 
Command 
interface 
using 
the control 
lines of the Multibus 
is supported. 
and an 
asynchronous 
8086 interface 
using the control 
lines 
of the 8086 is supported, 
with the use of TIL 
gates 


as illustrated 
in Figure 2. In the 8086 case, the TIL 
gates are needed 
to guarantee 
that status does not 


appear 
at the 
8207's 
inputs 
too 
much 
before 
ad- 


dress, 
so that 
a cycle 
would 
start 
before 
address 
was valid. 


Microprocessor 
Clock Frequency 
Option (CFS and FFS Program Bits) 


The 
8207 
can 
be 
programmed 
to 
interface 
with 
slow-cycle 
microprocessors 
like 
the 
8086, 
8088, 


81088 and 80186 or fast-cycle 
microprocessors 
like 
the 80286. The CFS bit configures 
the microproces- 


sor 
interface 
to accept 
slow 
or fast 
cycle 
signals 


from either microprocessor 
group. 


The FFS bit is used to select the speed of the micro- 
processor 
clock. 
Table 
5 shows 
the various 
micro- 
processor 
clock 
frequency 
options 
that can be pro- 
grammed. 


Table 5. Microprocessor 
Clock Frequency 
Options 


Program 
Bits 
Processor 
Clock 


CFS 
FFS 
Frequency 


0 
0 
iAPX86. 
~ 6 MHz 
88,186,188 


0 
1 
iAPX86, 
> 6 MHz 
88,186,188 


1 
0 
iAPX286 
~12 
MHz 


1 
1 
iAPX286 
>12 
MHz 


• 


inter 


The external 
clock 
frequency 
must be programmed 
so that 
the 
failsafe 
refresh 
repetition 
circuitry 
can 
adjust 
its internal 
timing 
accordingly 
to produce 
a 
refresh 
request 
as programmed. 


The 
RAM 
Speed 
programming 
option 
determines 
whether 
RAM timing will be optimized 
for a fast or 
slow RAM. 


Refresh Period Options 
(CIO, CI1 and PLS Program Bits) 


The 
8207 
refreshes 
with 
either 
128 rows 
every 
2 
milliseconds 
or 256 rows every 4 milliseconds. 
This 
translates 
to one refresh 
cycle 
being 
executed 
ap- 
proximately 
once 
every 
15.6 
microseconds. 
This 
rate can be changed 
to 256 rows every 
2 millisec- 
onds or a refresh 
approximately 
once every 7.8 mi- 
croseconds 
via the Period 
Long/Short, 
program 
bit 
PLS, programming 
option. 
The 7.8 microsecond 
re- 
fresh request 
rate is intended 
for those 
RAMs, 64K 
and above, 
which 
may require a faster refresh 
rate. 


In addition 
to PLS program 
option, 
two 
other 
pro- 
gramming 
bits 
for 
refresh 
exist: 
Count 
Interval 
0 
(CIO) and Count Interval 
1 (CI1). These two program- 
ming 
bits allow 
the rate at which 
refresh 
requests 
are generated 
to be increased 
in order to permit re- 
fresh 
requests 
to be generated 
close 
to the same 
15.6 or 7.8 microsecond 
period 
when 
the 8207 
is 
operating 
at reduced 
frequencies. 
The 
interval 
be- 


tween refreshes 
is decreased 
by 0%,10%,20%, 
or 
30% as a function 
of how the count interval 
bits are 
programmed. 
A 5% guardband 
is built-in to allow for 
any clock 
frequency 
variations. 
Table 
6 shows 
the 
refresh 
period options 
available. 


The numbers 
tabulated 
under Count 
Interval 
repre- 
sent the number 
of clock 
periods 
between 
internal 
refresh 
requests. 
The 
percentages 
in parentheses 
represent 
the decrease 
in the interval 
between 
re- 
fresh requests. 
Note that all intervals 
have a built-in 
5% (approximately) 
safety factor 
to compensate 
for 
minor 
clock 
frequency 
deviations 
and 
non-immedi- 
ate response 
to internal 
refresh 
requests. 


The Extend 
option 
lengthens 
the 
memory 
cycle 
to 
allow longer 
access 
time which 
may be required 
by 
the system. 
Extend 
alters 
the RAM timing 
to com- 
pensate 
for increased 
loading 
on the Rowand 
Col- 
umn Address 
Strobes, 
and 
in the 
multiplexed 
Ad- 
dress Out lines. 


Port Priority Option and Arbitration 
(PPR Program Bit) 


The 
8207 
has to 
internally 
arbitrate 
among 
three 
ports: 
Port A, Port B and Port C-the 
refresh 
port. 
Port C is an internal 
port dedicated 
to servicing 
re- 
fresh requests, 
whether 
they are generated 
internal- 
ly by the refresh interval counter, 
or externally 
by the 
user. Two 
arbitration 
approaches 
are available 
via 


Ref. 
Count 
Interval 
C11, CIO 


Period 
CFS 
PLS 
FFS 
(8207 Clock 
Periods) 


(/i-s) 
00 
01 
10 
11 
(O%) 
(10%) 
(20%) 
(30%) 


15.6 
1 
1 
1 
236 
212 
188 
164 


7.8 
1 
0 
1 
118 
106 
94 
82 


15.6 
1 
1 
0 
148 
132 
116 
100 


7.8 
1 
0 
0 
74 
66 
58 
50 


15.6 
0 
1 
1 
118 
106 
94 
82 


7.8 
0 
0 
1 
59 
53 
47 
41 


15.6 
0 
1 
0 
74 
66 
58 
50 


7.8 
0 
0 
0 
37 
33 
29 
25 


NOTE: 
Refresh 
period 
= clock 
period 
x 
refresh 
count 
interval. 


inter 


the 
Port 
Priority 
programming 
option, 
program 
bit 
PPR. 
PPR determines 
whether 
the 
most 
recently 
used port will remain selected 
(PPR = 1) or whether 
Port 
A will 
be 
favored 
or 
preferred 
over 
Port 
B 
(PPR = 0). 


A port is selected 
if the arbiter has given the select- 
ed port direct 
access 
to the timing 
generators. 
The 
front-end 
logic, 
which 
includes 
the 
arbiter, 
is de- 
signed to operate 
in parallel 
with the selected 
port. 
Thus a request 
on the selected 
port is serviced 
im- 
mediately. 
In contrast, 
an unselected 
port only 'has 
access 
to the timing 
generators 
through 
the front- 
end logic. Before a RAM cycle can start for an unse- 
lected 
port, 
that 
port 
must 
first 
become 
selected 
(Le., the MUX output 
now gates that port's 
address 
into the 8207 
in the case 
of Port A or B). Also, 
in 
order to allow its address to stabilize, a newly select- 
ed port's 
first RAM cycle is started 
by the front-end 
logic. Therefore, 
the selected 
port has direct access 
to the timing generators. 
What all this means 
is that 
a request 
on a selected 
port is started 
immediately, 
while a request 
on an unselected 
port is started 
two 
to three 
clock 
periods 
after 
the request, 
assuming 


that the other two ports are idle. Under normal oper- 
ating 
conditions, 
this arbitration 
time 
is hidden 
be- 
hind the RAM cycle 
of the selected 
port so that as 
soon 
as the 
present 
cycle 
is over 
a new cycle 
is 
started. 
Table 
7 lists the 
arbitration 
rules 
for both 
options. 


The LOCK function 
provides 
each port with the abili- 
ty to obtain 
uninterrupted 
access 
to a critical 
region 
of memory and, thereby, 
to guarantee 
that the oppo- 
site port cannot 
"sneak 
in" and read from or write to 
the critical 
region prematurely. 


Only 
one 
LOCK 
pin is present 
and 
is multiplexed 
between 
the two ports as follows: 
when MUX is high, 
the 
8207 
treats 
the 
LOCK 
input 
as originating 
at 
PORT A, while 
when 
MUX is low, the 8207 
treats 
LOCK as originating 
at PORT B. When the 8207 rec- 
ognizes a LOCK, the MUX output will remain pointed 
to the 
locking 
port 
until 
LOCK 
is deactivated. 
Re- 
fresh is not affected 
by LOCK and can occur during 
a locked 
memory 
cycle. 


Table 7. The Arbitration 
Rules for the Most Recently 
Used Port Priority 
and for Port A Priority Options 
Are As Follows: 


1. 
If only one port requests 
service, then that port-if 
not already selected-becomes 
selected. 


2a. 
When no service requests 
are pending, the last selected 
processor 
port (Port A or B) will 
remain selected. 
(Most Recently 
Used Port Priority Option.) 


2b. 
When no service requests 
are pending, 
Port A is selected 
whether 
it requests 
service or 
not. (Port A Priority Option.) 


3. 
During reset initialization 
only Port C, the refresh port, is selected. 


4. 
If no processor 
requests are pending after reset initialization, 
Port A will be selected. 


5b. 
If Ports A and B simultaneously(*) 
request service while Port C is selected, 
then the next 
port to be selected 
is Port A. (Port A Priority Option.) 


6. 
If a port simultaneously 
requests 
service with the currently 
selected 
port, service is granted 
to the selected 
port. 


7. 
The MUX output remains in its last state whenever 
Port C is selected. 


8. 
If Port C and either Port A or Port B (or both) simultaneously 
request service, then service 
is granted to the requester 
whose port is already selected. 
If the selected 
port is not 
requesting 
service, then service is granted to Port C. 


9. 
If during the servicing 
of one port, the other port requests 
service before or simultaneously 
with the refresh port, the refresh port is selected. 
A new port is not selected 
before the 
presently 
selected 
port is deactivated. 


10. 
Activating 
LOCK will mask off service requests from Port B if the MUX output is high, or 
from Port A if the MUX output is low. 


NOTE: 
'By "simultaneous" 
it is meant 
that two or more 
requests 
are valid at the clock 
edge 
at which 
the internal 
arbiter 
samples 
them. 


For both ports to be operated synchronously, sever- 
al conditions must be met. The processors must be 
the same type (Fast or Slow Cycle) as defined by 
Table 8 and they must have synchronized clocks. 
Also when processor types are mixed, even though 
the clocks may be in phase, one frequency may be 
twice that of the other. So to run both ports synchro- 
nous using the status interface, the processors must 
have related timings (both phase and frequency). If 
these conditions cannot be met, then one port must 
run synchronous and the other asynchronous. 


Figure 3 illustrates an example of dual-port opera- 
tion using the processors in the slow cycle group. 
Note the use of cross-coupled NAND gates at the 
MUX output for minimizing contention between the 


two latches, and the use of flip flops on the status 
lines of the asynchronous processor for delaying the 
status and thereby guaranteeing RAS will not be is- 
sued, even in the worst case, until address is valid. 


Processor Timing 


In order to run without wait states, AACK must be 
used and connected to the SRDY input of the appro- 
priate bus controller. MCK 
is issued relative to a 
point within the RAM cycle and has no fixed relation- 
ship to the processor's request. The timing is such, 
however, that the processor will run without wait 
states, barring refresh cycles, bank precharge, and 
RAM accesses from the other port. In non-ECC fast 
.cycle, 
fast 
RAM, 
non-extended 
configurations 
(80286), MCK 
is issued on the next falling edge of 
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NOTE: 
1. The RAS and CAS shown 
in figure 
are different 
banks 
being accessed. 


Figure 14. iAPX 286/8207 Synchronous-Status 
Timing Programmed in 
non-ECC Mode, COConfiguration 
(Read Cycle) 


inter 


the clock 
after 
the edge that 
issues 
RAS. 
In non- 
EGG, slow 
cycle, 
non-extended, 
or extended 
with 
fast RAM cycle configurations 
(8086, 80188, 80186), 


AAGK is issued on the same clock cycle that issues 
RAS. Figure 14 illustrates 
the timing relationship 
be- 
tween AAGK, the RAM cycle, and the processor 
cy- 
cle for several 
different 
situations. 


Port 
Enable 
(PE) setup 
time 
requirements 
depend 
on whether 
the associated 
port is configured 
for syn- 
chronous 
or asynchronous 
fast or slow cycle opera- 
tion. In a synchronous 
fast cycle configuration, 
PE is 
required 
to be setup to the same clock edge as the 
status or commands. 
If PE is true (low), a RAM cycle 
is started; 
if not, the cycle 
is aborted. 
The memory 
cycle will only begin when both valid signals (PE and 
RD or WR) are recognized 
at a particular 
clock edge. 
In asynchronous 
operation. 
PE is required to be set- 
up to the same clock edge as the internally 
synchro- 
nized 
status 
or commands. 
Externally, 
this 
allows 


the internal synchronization 
delay to be added to the 
status (or command)-to-PE 
delay time, thus allowing 
for more 
external 
decode 
time 
that 
is available 
in 
synchronous 
operation. 


The minimum 
synchronization 
delay is the additional 
amount 
that PE must be held valid. If PE is not held 
valid for the maximum 
synchronization 
delay time, it 


is possible 
that PE will go invalid 
prior to the status 
or command 
being synchronized. 
In such a case the 
8207 aborts 
the cycle. 
If a memory 
cycle 
intended 
for 
the 
8207 
is 
aborted, 
then 
no 
acknowledge 
(AAGK or XAGK) is issued and the processor 
locks 
up in endless 
wait states. 
Figure 
15 illustrates 
the 
status 
(command) 
timing 
requirements 
for synchro- 
nous and asynchronous 
systems. 
Figures 16 and 17 
show 
a more 
detailed 
hook-up 
of the 8207 
to the 
8086 and the 80286, 
respectively. 


(A) PE Set-Up 
and Hold Time Requirements. 
for Fast Cycle, 
Synchronous 
Operation 
(80286 CMD/Status) 


(B) PE Timing 
Requirements 
for Fast or 
Slow Cycle 
Asynchronous 
Operation 


Figure 
15 


• 


inter 


8284A" 


ROY 1 
READY 
ClK 


READY 
ClK 


52 
51 


SO 


ClK 


8288" 


DEN 


DT/R 


S2 SlSOAlE 


ClK 
AACK 


BASO-J 
CASO-3 


8207 
PCTl 
AOo.• 


RD 
WE 


WR 


NOTE: 
'These 
components 
are not necessary 
when 
using the 80186. 
These 
functions 
are provided 
directly 
by the 80186. 


Memory Acknowledge 
(AACK, XACK) 


(CFS = 0), while the SA and SB programming 
bits 


optimize 
AACK 
for synchronous 
operation 
("early" 


AACK) or asynchronous 
operation 
("late" 
AACK). 


Both 
the 
early 
and 
late 
AACK 
strobes 
are 
three 
clocks 
long for CFS 
= 1 and two clocks 
long for 


CFS = O.The XACK strobe is asserted 
when data is 
valid (for reads) or when data may be removed 
(for 


writes) 
and meets the Multibus 
requirements. 
XACK 


is removed 
asynchronously 
by the command 
going 


In system 
configurations 
without 
error 
correCtion, 
two memory 
acknowledge 
signals 
per port are sup- 
plied by the 8207. They are the Advanced 
Acknowl- 
edge strobe 
(AACK) and the Transfer 
Acknowledge 
strobe 
(XACK). 
The 
CFS 
programmin~ter- 
mines for which 
processor 
AACKA 
and AACKB 
are 
optimized, 
either 
80286 
(CFS = 
1) or 8086/186 
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NOTE: 
While the 8207 does not need the input addresses 
latched, 
AD, SHE must come 
from the latched 
address 
bus. 


inactive. 
Since in asynchronous 
operation 
the 8207 
removes 
read 
data 
before 
late AACK 
or XACK 
is 
recognized 
by the CPU, the user must 
provide 
for 
data latching 
in the system 
until the CPU reads the 
data. In synchronous 
operation, 
data latching 
is un- 
necessary 
since the 8207 will not remove 
data until 


the CPU has read it. 


In ECC-based 
systems 
there 
is one 
memory 
ac- 


knowledge 
(XACK or AACK) per port and a program- 


ming bit associated 
with each acknowledge. 
If the X 
programming 
bit is active, the strobe is configured 
as 
XACK, while if the bit is inactive, 
the strobe is config- 
ured as AACK. As in non-ECC, 
the 'SA and SB pro- 


gramming 
bits determine 
whether 
the AACK 
strobe 
is early or late (EAACK 
or LAACK). 


Data will always be valid a fixed time after the occur- 
rence of the advanced 
acknowledge. 
Table 
9 sum- 
marizes the various 
transfer 
acknowledge 
options. 


• 


inter 


Cycle 
Processor 
RequesfType 
Sync/Async 
Acknowledge 
Interface 
Type 


80286 
Status 
Sync 
EAACK 


80286 
Status 
Async 
LAACK 


Fast 
80286 
Command 
Sync 
EAACK 


Cycle 
80286 
Command 
Async 
LAACK 


CFS=1 
8086/80186 
Status 
Async 
LAACK 


8086/80186 
Command 
Async 
LAACK 


I 
Multibus 
Command 
Async 
XACK 


8086/80186 
Status 
Sync 
EAACK 


Slow 
8086/80186 
Status 
Async 
LAACK 


Cycle 
8086/80186 
Command 
Sync 
EAACK 


CFS=O 
8086/80186 
Command 
Async 
LAACK 


Multibus 
Command 
Async 
XACK 


Synchronous 
Asynchronous 
XACK 


Fast Cycle 
AACK Optimized 
AACK Optimized 
for 
Multibus Compatible 
for Local 80286 
Remote 80286 


Slow Cycle 
AACK Optimized 
AACK Optimized 
for 
Multibus Compatible 
for Local 8086/186 
Remote 8086/186 


Two special test modes exist in the 8207 to facilitate 
testing. 
Test Mode 
1 (non-ECC 
mode) 
splits the re- 
fresh 
address 
counter 
into two 
separate 
counters 
and Test 
Mode 
2 (ECC mode) 
presets 
the refresh 
address 
counter 
to a value slightly less than rollover. 


Test Mode 1 splits the address counter 
into two, and 
increments 
both counters 
simultaneously 
with each 
refresh 
address 
update. 
By generating 
external 
re- 
fresh requests, 
the tester is able to check for proper 
operation 
of both counters. 
Once 
proper 
individual 
counter 
operation 
has been 
established, 
the 
8207 
must be returned 
to normal mode and a second 
test 
performed 
to 
check 
that 
the 
carry 
from 
the 
first 
counter 
increments 
the second 
counter. 
The outputs 
of the counters 
are presented 
on the address 
out 
bus with 
the 
same 
timing 
as the 
row and column 
addresses 
of a normal 
scrubbing 
operatio,n. 
During 
Test Mode 1, memory 
initialization 
is inhibited, 
since 
the 8207, be definition, 
is in non-ECC 
mode. 


Test 
Mode 
2 sets the internal 
refresh 
counter 
to a 
value 
slightly 
less 
than 
rollover. 
During 
functional 


'testing 
other than that covered 
in Test Mode ,1, the 
8207 will normally 
be set in Test Mode 2. Test Mode 
2 eliminates 
memory 
initialization 
in ECC mode. This 
allows 
quick 
examination 
of 
the 
circuitry 
which 
brings the 8207 out of memory 
initialization 
and into 
normal operation. 


General System Considerations 


The 
RASo_3, CASO_3, AOo_8, 
output 
buffers 
were 
designed 
to directly drive the heavy capacitive 
loads 
associated 
with dynamic 
RAM arrays. 
To keep the 
RAM driver 
outputs 
from 
ringing 
excessively 
in the 
system 
environment 
and causing 
noise in other out- 
put pins it is necessary 
to match 
the output 
imped- 
ance of the RAM output 
buffers 
with the RAM array 
by using series resistors 
and to add series resistors 
to other control 
outputs 
for noise reduction 
if neces- 
sary. 
Each 
application 
may 
have 
different 
imped- 
ance characteristics 
and may require different 
series 
resistance 
values, 
The 
series 
resistance 
values 
should 
be determined 
for each 
application. 
In non- 
ECC systems 
unused 
ECC input pins should 
be tied 
high or low to improve 
noise immunity. 
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8207 Pin Grid Array 
(PGA) Pin-Out 


eg: R 8207-8 
eg: A 8207-16 
The 8207 is packaged 
in a 68 lead JEDEC 
Type A 
Leadless 
Chip Carrier 
(LCG) and in Pin Grid Array 
(PGA), both in Ceramic. 
The package 
designations 
are R and A respectively. 


LCC, 8 MHz DRAM Controller 
PGA, 16 MHz DRAM Controller 


NOTE: 
The pin-out 
of the PGA is the same as the socket- 
ed pinout of the LCC. 


• 


Ambient 
Temperature 
Under Bias 
- O°C to + 70°C 


Storage Temperature 
- 65°C to + 150°C 


Voltage 
on Any Pin with 
Respect to Ground 
- 0.5V to + 7V 


Power Dissipation 
(Note 2) 
2.5W 


NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings only. Operation 
beyond 
the 
"Operating 
Conditions" 
is not recommended 
and ex- 
tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


D.C. CHARACTERISTICS 
Vee = 5.0V ± 10% for 8207-10, 
8207-8; 
TA = O°C to 70°C; VSS = GND; Vee = 5.0V 
±5% 
for 8207-16 
(Note 2) 


Symbol 
Parameter 
Min 
Max 
Units 
Comments 


VIL 
Input Low Voltage 
-0.5 
+0.8 
V 


VIH 
Input High Voltage 
2.0 
Vee +0.5 
V 


VOL 
Output Low Voltage 
0.45 
V 
(Note 1) 


VOH 
Output High Voltage 
2.4 
V 
(Note 1) 


VROL 
RAM Output Low Voltage 
0.45 
V 
(Note 1) 


VROH 
RAM Output High Voltage 
2.6 
V 
(Note 1) 


Ice 
Supply Current 
455 
mA 
TA = O°C 


III 
Input Leakage Current 
±10 
p.A 
OV,.;; VIN ,.;;Vee 


VeL 
Clock Input Low Voltage 
-0.5 
±0.6 
V 


VeH 
Clock Input High Voltage 
3.8 
Vee + 0.5 
V 


CIN 
Input Capacitance 
20 
pF 
fc = 1 MHz(2) 


NOTE: 
1. 10L = 5 mA and IOH = -0.2 
mA (Typically IOL = 10 mA and IOH = -0.88 
mAl. WE: IOL = 8 mA. 
2. Sampled, not 100% tested. 


RAAS 
roille.3 
- 
RCAS 


8207 
CASe.3 
R 


AO 
A0o-a 
OtherOutputs 


RRAS ~ 
39fl 


RCAS ~ 
39fl 


RAO = 22fl 
RL ~ 
39fl 


210463-26 


CRAS ~ 150pF 
CCAS = 150pF 


CAO 
~ 380pF 
CL ~ 
100 pF 


~20 
24:- 


~_0_.8 
0._8~ 


A.C. Testinginputs(exceptclock)aredrivenat 2.4Vfor a Logic 
"1" and0,45Vfora Logic"0" (clockisdrivenat 4.0Vand0,45V 
for Logic"1" and "0" respectively).Timingmeasurementsare 
madeat 2.0V,2,4Vfor Logic"1" and0.8Vfor Logic"0". 


A.C. CHARACTERISTICS 
vcc 
= 5V ± 10% 
for 8207-8; 
TA = O·G to 70·G; 
VCC = + 5V ± 5% 
for 8207-16 


Measurements 
made with respect 
to 
RASo_3' 
GASO-3, 
AOO-8, 
are a + 2.4V 
and 
0.8V. 
All 
other 
pins are 
measured 
at 2.0V 
and 0.8V. 
All times are ns unless otherwise 
indicated. 
Testing 
done with specified 
test load. 


8207-16, 
-8 
8207-10 
Ref 
Symbol 
Parameter 
Units 
Notes 
Min 
Max 
Min 
Max 


CLOCK 
AND PROGRAMMING 
- 
tF 
Clock Fall Time 
10 
10 
ns 
3 
- 
tR 
Clock Rise Time 
10 
10 
ns 
3 


1 
TCLCL 
Clock Period 
8207-16 
62.5 
200 
ns 
1 


8207-10 
100 
250 
ns 
2 


8207-8 
125 
500 
ns 
2 


2 
TCL 
Clock Low Time 
8207-16 
15 
180 
ns 
1 


8207-10 
TCLCL/2-12 
ns 
2 


8207-8 
TCLCL/2-12 
ns 
2 


3 
TCH 
Clock High Time 
8207-16 
20 
180 
ns 
1 


8207-10 
TClCL/3-3 
ns 
2 


8207-8 
TClCL/3-3 
ns 
2 


4 
TRTVCl 
·Reset to ClK! 
Setup 
20 
40 
ns 
4 


5 
TRTH 
Reset Pulse Width 
4TClCl 
4TClCL 
ns 


6 
TPGVRTl 
PCTl, 
POI, RFRO to 
125 
125 
ns 
5 


RESET! 
Setup 


7 
TRTlPGX 
PCTl,RFRO 
to 
10 
10 
ns 


RESET! 
Hold 


8 
TCLPC 
PClK 
from 
45 
45 
ns 


CLK! 
Delay 


9 
TPDVCl 
PDinto 
60 
60 
ns 


ClK! 
Setup 


10 
TClPDX 
PDinto 
40 
40 
ns 
6 


ClK! 
Hold 


RAM WARM-UP 
AND INITIALIZATION 


64 
TClWZL 
WZfrom 
40 
40 
ns 
7 


ClK! 
Delay 


SYNCHRONOUS 
,...PPORT INTERFACE 


11 
TPEVCl 
PE to ClK! 
Setup 
27 
27 
ns 
2 


12 
TKVCl 
RD, WR, PE, PCTl 
20 
ns 
1 


to ClK! 
Setup 


13 
TClKX 
RD, WR, PE, PCTl 
0 
0 
ns 


toClK! 
Hold 


14 
TKVCH 
RD, WR, PCTl 
to 
20 
20 
ns 
2 


CLKj 
Setup 


• 


Measurements 
made with respect 
to RASo_3' 
CASO-3, AGO-8' 
are a + 2.4V and a.8V. All other 
pins are 
measured 
at 2.aV and a.8V. All times are ns unless otherwise 
indicated. 
Testing 
done with specified 
test load. 


8207-16, -8 
8207·10 
Ref 
Symbol 
Parameter 
Mln 
Max 
Min 
Max 
Units 
Notes 


ASYNCHRONOUS ,..P PORT INTERFACE 


15 
TRWVCl 
RD,WR 
20 
20 
ns 
8,9 
to ClK!. 
Setup 


16 
TRWl 
RD, WR Pulse Width 
2TClCl+30 
2TClCl+30 
ns 


17 
TRWlPEV 
PEfrom RD, 
CFS=1 
TClCl-20 
ns 
1 
WR!. 
Delay 
CFS=O 
TClCl-30 
TClCl-20 
ns 
2 


18 
TRWlPEX 
PEto RD, 
2TClCl+30 
2TClCl+30 
ns 
WR!. 
Hold 


19 
TRWlPTV 
PCTl from RD, 
TClCl-30 
TClCl-30 
ns 
2 
WR!. 
Delay 


20 
TRWlPTX 
PCTl to RD, 
2TClCl+30 
2TClCl+30 
ns 
2 


WR!. 
Hold 


21 
TRWlPTV 
PCTl from RD, 
WR!. 
Delay 
2TClCl-20 
2TClCl-30 
ns 
1 


22 
TRWlPTX 
PCTl toRD, 
3TClCl+30 
3TClCl+40 
ns 
1 
WR!. 
Hold 


RAM INTERFACE 


23 
TAVCl 
Al, AH, BSto 
35+tASR 
35+tASR 
ns 
10 
ClK!. 
Setup 


24 
TCLAX 
Al,AH, BSto 
0 
0 
ns 
ClK!. 
Hold 


25 
TCllN 
lENfrom 
35 
ns 
1 
ClK!. 
Delay 


26 
TClRSl 
RAS!. 
from 
35 
35 
ns 
ClK!. 
Delay 


27 
TRCD 
RAS to CAS 
CFS=1 
TClGl-25 
ns 
1,14 


Delay 
CFS=O 
TClCL/2-25 
ns 
11,14 


25 
ns 


28 
TClRSH 
RASj 
from 
50 
50 
ns 
ClK!. 
Delay 


29 
TRAH 
RowAOto 
CFS=1 
TClCL/2-11 
ns 
1,13,15 


RASHoid 
CFS=O 
TClCl/4-11 
18 
ns 
11,15 


30 
TASR 
Row AOto RAS Setup 
0 
0 
10,18 


31 
TASC 
Column AOto 
CFS=l 
0 
ns 
13,19,20 
CAS!. 
Setup 
CFS=O 
5 
5 
ns 
13,19,20 


inter 


A.C. CHARACTERISTICS 
(Continued) 
Vcc = 5V ± 10% for 8207-8; 
TA = O°C to 70°C; VCC = 
+5V 
±5% 
for 8207-16 


Measurements 
made with respect 
to RASO_3, CASO_3, ADo-8' 
are a + 2.4V and 0.8V. All other 
pins are 
measured 
at 2.0V and 0.8V. All times are ns unless otherwise 
indicated. 
Testing 
done with specified 
test load. 


8207-16, -8 
8207-10 
Ref 
Symbol 
Parameter 
Units 
Notes 
Mln 
Max 
Mln 
Max 


RAM INTERFACE 
(Continued) 


32 
TCAH 
Column AO to 
(See DRAM Interface Tables) 
21 


CJi3Hold 


33 
TClCSl 
CJi3.! 
from 
TClCLl4+30 
TClCLll 
.8 + 53 
TClCLl4+30 
100 
ns 
11,12 


ClK.! 
Delay 


34 
TClCSl 
CJi3.! 
from 
35 
40 
ns 
1 


ClK.! 
Delay 


35 
TClCSH 
CASt 
from 
50 
50 
ns 


ClK.! 
Delay 


36 
TClW 
WE from ClK.! 
Delay 
35 
35 
ns 


37 
TClTKl 
XACK.! 
from 
35 
35 
ns 


ClK.! 
Delay 


38 
TRWlTKH 
XACKt 
from 
50 
50 
- 
ns 


RD t , WR t 
Delay 


39 
TCLAKl 
AACK.! 
from 
35 
35 
ns 


CO<.! 
Delay 


40 
TCLAKH 
AACKt 
from 
50 
50 
ns 
ClK.! 
Delay 


41 
TClDl 
DBMfrom 
35 
35 
ns 


ClK.! 
Delay 


ECCINTERFACE 


42 
TWRlFY 
FWRfrom 
CFS= 1 
2TClCl-40 
ns 
1,22 
WR.! 
Delay 
CFS=O 
TClCl 
+ TCl - 40 
100 
ns 
2,22 


43 
TFYCl 
FWR to ClK.! 
Setup 
40 
30 
ns 
23 


44 
TClFX 
FWR to ClK.! 
Hold 
0 
0 
ns 
24 


45 
TEVCl 
ERROR to 
20 
20 
ns 
25,26 
ClK.! 
Setup 


46 
TClEX 
ERROR to 
0 
0 
ns 
ClK.! 
Hold 


47 
TClRl 
R/W.! 
from 
40 
40 
ns 
ClK.! 
Delay 


48 
TClRH 
R/Wt 
from 
50 
50 
ns 
ClK.! 
Delay 


49 
TCEVCl 
CE to ClK.! 
Setup 
20 
20 
ns 
25,27 


50 
TClCEX 
CE to ClK.! 
Hold 
0 
0 
ns 


51 
TClES 
ESTBfrom 
35 
45 
ns 
ClK.! 
Delay 


• 


inter 


A.C. CHARACTERISTICS 
(Continued) 
Vcc = 5V ±10% 
for 8207-8; 
TA = O°C to 70°C; VCC = 
+5V 
±5% 
for 8207-16 


Measurements 
made with respect 
to RASo-3. 
CASO_3. AGO-8' 
are a + 2.4V and 0.8V. All other 
pins are 
measured 
at 2.0V and 0.8V. All times are ns unless otherwise 
indicated. 
Testing 
done with specified 
test load. 


8207-16, -8 
8207-10 
I Units 
Ref 
Symbol 
Parameter 
Notes 
Mln 
Max 
Mln 
Max 


PORT SWITCHING 
AND LOCK 


52 
TClMV 
MUXfrom 
45 
45 
ns 
ClK 
J. Delay 


53 
TClPNV 
PSENfrom 
TCl 
TCl+35 
TCl 
TCl+35 
ns 
28 
ClK 
J. Delay 


54 
TClPSV 
PSEl 
from ClK 
J. 
35 
35 
ns 


55 
TlKVCl 
lOCK 
to ClK 
J. Setup 
30 
30 
ns 
30,31 


56 
TCllKX 
lOCK 
to ClK 
J. Hold 
10 
10 
ns 
30,31 


57 
TRWllKV 
lOCK 
from RD J. , 
2TClCl-30 
2TClCl-30 
ns 
31,32 
WR J. Delay 


58 
TRWHlKX 
lOCK 
to RD J. , 
3TClCl+30 
3TClCl+30 
ns 
31,32 
WRJ. 
Hold 


REFRESH 
REQUEST 


59 
TRFVCl 
RFRO to ClK 
J. Setup 
20 
20 
ns 


60 
TClRFX 
RFRO to ClK 
J. Hold 
10 
10 
ns 


61 
TFRFH 
Failsafe 
RFRO 
TClCl+30 
TClCl+30 
ns 
33 
Pulse Width 


62 
TRFXCl 
Single RFRO Inactive 
20 
20 
ns 
34 
to ClK 
J. Setup 


63 
TBRFH 
Burst RFRO Pulse 
2TClCl+30 
2TClCl+30 
ns 
33 
Width 


NOTES: 
1. Specification 
when 
programmed 
in the Fast Cycle 
processor 
mode (iAPX 286 mode). 
2. Specification 
when 
programmed 
in the Slow Cycle processor 
mode 
(iAPX 186 mode). 


3. tR and tF are referenced 
from the 3.5V and 1.0V levels. 
4. RESET 
is internally 
synchronized 
to ClK. 
Hence 
a set-up 
time is reqUired 
only to guarantee 
its recognition 
at a particular 
clock 
edge. 
5. The first programming 
bit (PDO) is also sampled 
by RESET 
going low. 


6. TClPDX 
is guaranteed 
if programming 
data is shifted 
using PClK. 
7. WZ is issued 
only in ECC mode. 
8. TRWVCl 
is not required 
for an asynchronous 
command 
except 
to guarantee 
its recognition 
at a particular 
clock 
edge. 
9. Valid when 
programmed 
in either 
Fast or Slow Cycle mode. 
10. lASR 
is a user specified 
parameter 
and its value 
should 
be added 
accordingly 
to TAVCL. 


11. When 
programmed 
in Slow Cycle 
mode and 125 ns ,,; TClCl 
< 200 ns. 
12. When 
programmed 
in Slow Cycle 
mode and 200 ns ,,; TClCL. 


13. Specification 
for Test 
load 
conditions. 
14. tRCD 
(actual) 
= tRCD 
(specification) 
+ 
0.06 
(ACRAS) 
- 
0.6 (ACCAS) where 
AC = C (test 
load) 
- 
C (actual) 
in pF 
(These 
are first order approximations). 


15. tRAH 
(actual) 
= tRAH 
(specification) 
+ 
0.06 (ACRAS) 
- 
0.022 
(ACAO) where 
AC = C (test load) 
- 
C (actual) 
in pF. 


(These 
are first order approximations.) 
18. lASR 
(actual) 
= lASR 
(specification) 
+ 
0.06 (ACAO) - 
0.025 
(ACRAS) where 
AC = C (test 
load) 
- 
C (actual) 
in pF. 
(These 
are first order approximations.) 
19. lASC 
(actual) 
= lASC 
(specification) 
+ 
0.06 (ACAO) - 
0.025 
(ACCAS) where 
AC = C (test load) 
- 
C (actual) 
in pF. 


(These 
are first order approximations.) 


20. IASC is a function of clock frequency and thus varies with changes in frequency. A minimum value is specified. 
21. See 8207 DRAM Interface Tables 14-18. 
22. TWRLFV is defined for both synchronous and asynchronous FWR. In systems in which FWR is decoded directly from 
the address inputs to the 8207, TCLFV is automatically guaranteed by TCLAV. 
23. TFVCL is defined for synchronous FWR. 
24. TCLFV is defined for both synchronous and asynchronous FWR. In systems in which FWR is decoded directly from the 
address inputs to the 8207 TCLFV is automatically guaranteed by TCLAV. 
25. ERROR and CE are set-up to CLK.l. in fast cycle mode and CLKi in slow cycle mode. 
26. ERROR is set-up to the same edge as R/W is referenced to, in RMW cycles. 
27. CE is set-up to the same edge as WE is referenced to in RMW cycles. 
28. Specification when TCL < 25 ns. 
29. Synchronous operation only. Must arrive by the second clock falling edge after the clock edge which recognizes the 
command in order to be effective. 
30. LOCK must be held active for the entire period the opposite port must be locked out. One clock after the release of 
LOCK the opposite port will be able to obtain access to memory. 
31. Asynchronous mode only. In this mode a synchronizer stage is used internally in the 8207 to synchronize up LOCK. 
TRWLLKV and TRWHLKX are only required for guaranteeing that LOCK will be recognized for the requesting port, but these 
parameters are not required for correct 8207 operation. 
32. TFRFH and TBRFH pertain to asynchronous operation only. 
33. Single RFRO cannot be supplied asynchronously. 


RESET 


PeTL 


REFRQ 


POI 


RASCJ 


(( 


WE:MJ 
If 


wz=*l 


5) 


RiW=*l 
1; 
, 
1 


LAST RAM WARM-UP OR 
INITIALIZATION CYCLE 


NOTES: 
1. When in non-ECC mode or in ECC mode with the TM2 programming bit on, there are no initialization cycles, when in 
ECC mode with TM2 off, the dummy cycles are followed by initialization cycles. 
2. The present example assumes a RAS four clocks long. 


COMMAND 
MODEl 
~~~:W 


COMMAND 
MODEl 
FAST CYCLE 
PCTL (INHIBIT) 


COMMAND 
MODEl 
FAST CYCLE 
INTERNAL 
INHIBIT 


NOTE: 
Actual 
transitions 
are programmable. 
Refer to Tables 
12 and 13. 


inter 


• 


inter 
8207 


WAVEFORMS 
(Continued) 


RAM 
INTERFACE 
TIMING 
ECC AND 
NON-ECC 
MODE 


CLOCK 0 


CLK 


COMMAND 


INTERNAL 
CYCLE REQUEST 


@ 
® 


ALO - ALa 
AHo - AHa 
BSo - BSj 


® 
" 
LEN 


® 


RAS 


AOO - AOa 


CAS 


® 


WE 


lJ 
® 


XACK 


It 
® 


AACK 


" 
® 


DBM 


NOTE: 
Actual 
transitions 
are programmable. 
Refer to Tables 
12 and 13. 


inter 


FAST CYCL£ 
rt 
!l 
~ 
_ 


INTERNAL lOCK 
DISABLE 


NOTE: 
Transients 
during 
MUX switching. 


-F~ 
f~_@ 
------------1--® 
~----------- 


inter 


NOTES: 
1. This parameter 
is set-up 
to the falling 
edge of clock, 
as shown, 
for fast cycle 
configurations. 
It is set-up 
to the rising 
edge 
of clock 
if in slow cycle 
configurations. 
Table 
13A shows 
which 
clock 
and clock 
edge these 
signals 
are set-up 
in 
the R/iN L column. 
2. CE is set-up 
to the same edge as WE is referenced 
to in RMW cycles. 


Tables 
10 and 11 give a description 
of non-ECC 
and ECC system 
configurations 
based on the 8207's 
PDO, 
PD3, PD4, PD10 and PD11 programming 
bits. 


Timing Cant. 
CFS(PD3) 
RFS(PD4) 
EXT(PD10) 
FFS(PD11) 


Co 
iAPX286(0) 
Fast RAM(O) 
Not EXT(O) 
12MHz(1) 


Co 
iAPX286(0) 
Fast RAM(O) 
EXT(1) 
12MHz(1) 


Co 
iAPX286(0) 
SlowRAM(1) 
Not EXT(O) 
12 MHz(1) 


Co 
iAPX286(0) 
SlowRAM(1) 
EXT(l) 
12MHz(1) 


Co 
iAPX286(0) 
Fast RAM(O) 
Not EXT(O) 
16 MHz(O) 


Cl 
iAPX286(0) 
SlowRAM(1) 
Not EXT(O) 
16 MHz(O) 


C1 
iAPX286(0) 
Fast RAM(O) 
EXT(l) 
16 MHz(O) 


C2 
iAPX286(0) 
Slow RAM(1) 
EXT(l) 
16 MHz(O) 


C3 
iAPX186(1) 
Fast RAM(O) 
Not EXT(O) 
10,8 
MHz(O) 


C3 
iAPX186(1) 
SlowRAM(l) 
Not EXT(O) 
10,8 
MHz(O) 


C3 
. iAPX186(1) 
Fast RAM(O) 
EXT(1) 
10,8 MHz(O) 


C3 
iAPX186(1) 
Fast RAM(O) 
Not EXT(O) 
6 MHz(l) 


C3 
iAPX186(1) 
Fast RAM(O) 
EXT(1) 
6 MHz(l) 


C3 
iAPX186(1) 
Slow RAM(1) 
Not EXT(O) 
6 MHz(1) 


C3 
iAPX186(1) 
SlowRAM(l) 
EXT(l) 
6 MHz(1) 


C4 
iAPX186(1) 
SlowRAM(1) 
EXT(l) 
10,8 
MHz(O) 


Timing Cant. 
CFS(PD3) 
RFS(PD4) 
EXT(PD10) 
FFS(PD11) 


Co 
iAPX286(1) 
SlowRAM(O) 
MIS EDCU(O) 
12 MHz(O) 


Co 
iAPX286(1) 
SlowRAM(O) 
M EDCU(l) 
12 MHz(O) 


Co 
iAPX286(1) 
Fast RAM(l) 
MIS EDCU(O) 
12 MHz(O) 


Co 
iAPX286(1) 
Fast RAM(l) 
M EDCU(l) 
12 MHz(O) 


Co 
iAPX286(1) 
Fast RAM(l) 
M EDCU(l) 
16 MHz(1) 


C1 
iAPX286(1) 
SlowRAM(O) 
M EDCU(l) 
16 MHz(1) 


C2 
iAPX286(1) 
Fast RAM(l) 
MIS EDCU(O) 
16 MHz(1) 


C3 
iAPX286(1) 
SlowRAM(O) 
MIS EDCU(O) 
16 MHz(1) 


C4 
iAPX186(0) 
Slow'RAM(O) 
MIS EDCU(O) 
6 MHz(O) 


C4 
iAPX186(0) 
Fast RAM(l) 
MIS EDCU(O) 
6 MHz(O) 


C4 
iAPX186(0) 
SlowRAM(O) 
M EDCU(l) 
10,8 
MHz(1) 


C4 
iAPX186(0) 
Fast RAM(l) 
M EDCU(1) 
10,8 
MHz(l) 


C5 
iAPX186(0) 
SlowRAM(O) 
M/SEDCU(O) 
10,8 
MHz(l) 


C5 
iAPX186(0) 
Fast RAM(l) 
MIS EDCU(O) 
10,8 
MHz(1) 


C6 
iAPX186(0) 
Slow RAM(O) 
M EDCU(l) 
6 MHz(O) 


C6 
iAPX186(0) 
Fast RAM(1) 
M EDCU(l) 
6 MHz(O) 


• 


inter 


Using the Timing Charts 


The notation 
used to indicate 
which clock edge trig- 
gers an output 
transition 
is "n i" or "n.J- ", where 


"n" 
is the number of clock periods that have passed 
since clock 
0, the reference 
clock, 
and " i" refers 


to rising edge and" 
.J-" to falling edge. A clock peri- 
od is defined 
as the interval from a clock falling edge 


to the following 
falling 
edge. 
Clock 
edges 
are de- 


fined as shown 
below. 


Iiim 


(n-1)1 
nl 
nl 
(n+1)1 (n+1)1 
210463-36 


The clock 
edges 
which 
trigger 
transitions 
on each 
8207 output 
are tabulated 
in Table 
12 for non-ECC 


mode and Table 13 for ECC mode. "H" 
refers to the 


high-going 
transition, 
and 
"L" 
to 
low-going 
tran- 


sition; "V" 
refers to valid, and "V" to non-valid. 


Clock 
0 is defined 
as the clock 
in which 
the 8207 


begins 
a memory 
cycle, 
either as a result of a port 


request 
which 
has just arrived, 
or of a port request 


which 
was stored 
previously 
but could 
not be serv- 


iced at the time of its arrival because 
the 8207 was 


performing 
another 
memory 
cycle. 
Clock 
0 may be 
identified 
externally 
by the 
leading 
edge 
of 
RAS, 
which 
is always triggered 
on 0 .J-. 


Notes for interpreting 
the timing charts: 


1. PSEL 
• valid 
is given 
as the 
latest 
time 
it can 
occur. 
It is entirely 
possible 
for PSEL to become 


valid 
before 
the 
time 
given 
in a refresh 
cycle. 


PSEL can switch as defined 
in the chart, but it has 
nq bearing 
on the refresh 
cycle itself, but only on 
a subsequent 
cycle for one of the external 
ports. 


2. LEN • low is given as the latest time it can occur. 


LEN is only activated 
by port A configured 
in Fast 


Cycle iAPX286 
mode, and thus it is not activated 


by a refresh cycle, although 
it may be activated 
by 


port A during a refresh 
cycle. 


3. ADDRESS 
- col is the time column 
address 
be- 


comes valid. 


4. In non-ECC 
mode the CAS, EAACK, 
LAACK 
and 


XACK outputs 
are not issued during refresh. 


5. In ECC mode there 
are really seven types 
of cy- 


cles: Read without 
error, read with error, full write, 


partial write without 
error, partial write with error, 


refresh 
without 
error, 
and 
refresh 
with 
error. 


T.hese 
cycles 
may 
be 
derived 
from 
the 
timing 


chart as follows: 


A. Read without 
error: Use row marked 
'RD, RF'. 


B. Read with error: 
Use row marked 
'RMW', 
ex- 


cept for EAACK and LAACK, which 
should 
be 


taken 
from 
'RD, RF'. If the error 
is uncorrect- 


able. WE will not be issued. 


C. Full write: Use row marked 
'WR'. 


D. Partial 
write 
without 
error: 
Use 
row 
marked 
'RMW', 
except that DBM and ESTB will not be 
issued. 


E. Partial write with error: Use row marked 'RMW', 


except that DBM will not be issued. 
If the error 


is uncorrectable, 
WE will not be issued. 


F. Refresh 
without 
error: 
Use 
row 
marked 
'RD, 


RF', except 
that 
ESTB, 
EAACK, 
LAACK, 
and 


XACK will not be issued. 


G. Refresh 
with 
error: 
Use 
row 
marked 
'RMW', 


except that EAACK, LAACK, ESTB, and XACK 
will not be issued. 
If the error is uncorrectable 


WE will not be issued. 


6. XACK 
- high 
is reset 
asynchronously 
by com- 


mand going inactive 
and not by a clock edge. 


7. MUX - valid is given as the latest time it can oc- 


cur. 
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i ~~ io 
i o~ io 
M~1:l 


iL 
iv 
iL 
i ~ iL 
i ~ iL 
io 
ic: io 
iL 
io 
i9 
io 
I:lM 
G::> 
iL 
i ~ is 
io 
ic: io 
iL 
io 
iL 
io 
i9 
io 
:J1:l'Ol:l 


i6 
i9 
i6 
iv 
i6 
i ~ i6 
io 
ic: io 
i6 
io 
i6 
io 
ia 
io 
M~1:l 


i9 
if: i9 
i ~ i9 
i ~ i9 
io 
ic: io 
i9 
io 
is 
io 
I:lM 
~::> 


i9 
i ~ iv 
io 
ic: io 
i9 
io 
i9 
io 
is 
io 
:J1:l'Ol:l 


i6 
i9 
i6 
iv 
i6 
i ~ i6 
io 
ic: io 
i6 
io 
i6 
io 
ia 
io 
M~1:l 


i9 
if: i9 
i ~ i9 
i ~ i9 
io 
ic: io 
i9 
io 
is 
io 
I:lM 
0::> 


i9 
i ~ iv 
io 
ic: io 
i9 
io 
i9 
io 
is 
io 
:J1:l'Ol:l 
1 
H 
H 
1 
H 
1 
H 
1 
H 
1 
H 
1 
!1 
A 
1 
H 
al:>Ao 
Uo 


3M 
M/'d 
S"O 
S"'d 
N31 
W80 
13Sd 
N3Sd 


inter 


Col Addr 
ESTB 
EAACK 
LAACK 
XACK 
MUX 


Cn 
Cycle 
V 
V 
L 
H 
L 
H 
L 
H 
L 
H 
V 
V 
RD,RF 
OJ: 
2J, 
2J, 
sJ, 
3J, 
6J, 
4J, 
RD 
-2J, 
2J, 


Co 
WR 
OJ, 
2J, 
2J, 
sJ, 
2J, 
sJ, 
4J, 
WR 
-2J, 
2J, 


RMW 
OJ, 
2J, 
6J, 
aJ, 
sJ, 
aJ, 
sJ, 
aJ, 
7J, 
WR 
-2J, 
2J, 


RD,RF 
OJ, 
3J, 
3J, 
6J, 
3J, 
6J, 
4J, 
RD 
-2J, 
2J, 


C1 
WR 
OJ, 
3J, 
2J, 
sJ, 
2J, 
sJ, 
4J, 
WR 
-2J, 
2J, 


RMW 
OJ, 
3J, 
6J, 
aJ, 
sJ, 
aJ, 
sJ, 
aJ, 
7J, 
WR 
-2J, 
2J, 


RD,RF 
OJ, 
3J, 
4J, 
7J, 
4J, 
7J, 
sJ, 
RD 
-2J, 
2J, 


C2 
WR 
OJ, 
3J, 
3J, 
6J, 
3J, 
6J, 
sJ, 
WR 
-2J, 
2J, 


RMW 
OJ, 
3J, 
aJ, 
10 J, 
7J, 
10J, 
7J, 
10J, 
9J, 
WR 
-2J, 
2J, 


RD,RF 
OJ, 
3J, 
4J, 
7J, 
sJ, 
aJ, 
sJ, 
RD 
-2J, 
2J, 


C3 
WR 
OJ, 
3'J, 
3J, 
6J, 
3J, 
6J, 
sJ, 
WR 
-2J, 
2J, 


RMW 
OJ, 
3J, 
aJ, 
10J, 
7J, 
10J, 
7J, 
10J, 
9J, 
WR 
-2J, 
2J, 


RD,RF 
OJ, 
2J, 
1J, 
3J, 
2j 
4j 
3j 
RD 
-1J, 
2J, 


C4 
WR 
OJ, 
2J, 
1J, 
3J, 
2j 
4j 
3J, 
WR 
-1J, 
2J, 


RMW 
OJ, 
2J, 
sj 
6j 
3J, 
sJ, 
4j 
6j 
sJ, 
WR 
-1J, 
2J, 


RD,RF 
OJ, 
2J, 
2J, 
4J, 
3j 
sj 
3j 
RD 
-1J, 
2J, 


Cs 
WR 
OJ, 
2J, 
1J, 
3J, 
2j 
4j 
3J, 
WR 
-1J, 
2J, 


RMW 
OJ, 
2J, 
sj 
6j 
3J, 
sJ, 
4j 
6j 
sJ, 
WR 
-1J, 
2J, 


RD,RF 
OJ, 
2J, 
1J, 
3J, 
1j 
3j 
2j 
RD 
-1J, 
2J, 


C2 
WR 
OJ, 
2J, 
1J, 
3J, 
1j 
3j 
2J, 
WR 
-1J, 
2J, 


RMW 
OJ, 
2J, 
3j 
4j 
1 J, 
3J, 
2j 
4j 
3J, 
WR 
-1J, 
2J, 
• 


8207-DRAM 
Interface 
Parameter 
Equations 


Several 
DRAM 
parameters, 
but not all, are a direct 


function 
of 8207 timings, and the equations 
for these 
parameters 
are given in the following 
tables. The fol- 


lowing 
is a list of those 
DRAM 
parameters 
which 


have NOT been included 
in the following 
tables, with 


an explanation 
for their exclusion. 


READ, WRITE, 
READ-MODIFY-WRITE 
& 


REFRESH 
CYCLES 


tRAC: 
response 
parameter. 


tCAC: 
response 
parameter. 


tREF: 
See "Refresh 
Period Options" 


tCRP: 
must be met only if CAS-only 
cycles, which 
do not occur with 8207, exist. 


See "A.C. Characteristics" 


See "A.C. Characteristics" 


See "A.C. Characteristics" 


See "A.C. Characteristics" 


response 
parameter. 


tRAH: 


tRCD: 


tASC: 


tASR: 


tOFF: 


READ & REFRESH 
CYCLES 


tRCH: 
WE always goes active after CAS goes ac- 
tive, hence tRCH is guaranteed 
by tCPN. 


tRC: 


tRAS: 


tCAS: 


tWCS: 


guaranteed 
by tRWC. 


guaranteed 
by tRRW. 


guaranteed 
by tCRW. 


WE always 
activated 
after 
CAS is activat- 


ed, except 
in memory 
initialization, 
hence 


tWCS is always 
negative 
(this is important 


for RMW only) except 
in memory 
initializa- 


tion; in memory 
initialization 
tWCS 
is posi- 


tive and has several 
clocks 
of margin. 


system-dependent 
parameter. 


system-dependent 
parameter. 


system-dependent 
parameter. 


tDS: 


tDH: 


tDHR: 


READ-MODIFY-WRITE 
CYCLE 


tRWD: 
don't care in 8207 write cycles, but tabulat- 
ed for 8207 RMW cycles. 


tCWD: 
don't care in 8207 write cycles, 
but tabulat- 


ed for 8207 RMW cycles. 


Table 
14. Non·ECC 
Mode-RD, 
RF Cycles 


Parameter 
Fast Cycle 
Configurations 
Slow Cycle 
Configurations 
Notes 


Co 
C1 
C2 
Ca 
C4 


tRP 
3TCLCL-T26 
4TCLCL-T26 
4TCLCL-T26 
2TCLCL-T26 
2TCLCL-T26 
1 


tCPN 
3TCLCL-T35 
3TCLCL-T35 
3TCLCL-T35 
2.5TCLCL - T35 
2.5TCLCL - T35 
1 


tRSH 
2TCLCL-T34 
3TCLCL-T34 
3TCLCL-T34 
3TCLCL-T34 
4TCLCL-T34 
1 


tCSH 
4TCLCL-T26 
6TCLCL-T26 
6TCLCL-T26 
3TCLCL-T26 
4TCLCL-T26 
1 


tCAH 
TCLCL-T34 
2TCLCL-T34 
2TCLCL-T34 
2TCLCL-T34 
2TCLCL-T34 
1 


tAR 
2TCLCL-T26 
3TCLCL-T26 
3TCLCL-T26 
2TCLCL-T26 
2TCLCL-T26 
1 


tT 
3/30 
3/30 
3/30 
3/30 
3/30 
2 


tRC 
6TCLCL 
8TCLCL 
8TCLCL 
5TCLCL 
6TCLCL 
1 


tRAS 
3TCLCL-T26 
4TCLCL-T26 
4TCLCL-T26 
3TCLCL-T26 
4TCLCL-T26 
1 


tCAS 
3TCLCL-T34 
5TCLCL-T34 
5TCLCL-T34 
3TCLCL-T34 
4TCLCL-T34 
1 


tRCS 
2TCLCL-TCL 
2TCLCL-TCL 
2TCLCL-TCL 
1.5TCLCL - TCL 
1.5TCLCL - TCL 
1 
-T36-TBUF 
-T36-TBUF 
-T36-TBUF 
:"'T36-TBUF 
-T36-TBUF 


Parameter 
Fast Cycle Configurations 
Slow Cycle Configurations 
Notes 
Co 
C1 
C2 
Ca 
C4 


tAP 
3TCLCL-T26 
3TCLCL-T26 
3TCLCL-T26 
2TCLCL-T26 
2TCLCL-T26 
1 


tCPN 
4TCLCL-T35 
4TCLCL-T35 
4TCLCL-T35 
2.5TCLCL - T35 
2.5TCLCL - T35 
1 


tASH 
4TCLCL-T34 
4TCLCL-T34 
4TCLCL-T34 
4TCLCL-T34 
4TCLCL-T34 
1 


tCSH 
5TCLCL-T26 
5TCLCL-T26 
5TCLCL-T26 
4TCLCL-T26 
4TCLCL-T26 
1 


tCAH 
TCLCL-T34 
2TCLCL-T34 
2TCLCL-T34 
2TCLCL-T34 
2TCLCL-T34 
1 


tAA 
2TCLCL-T26 
3TCLCL-T26 
3TCLCL-T26 
2TCLCL-T26 
2TCLCL-T26 
1 


tT 
3/3Q- 
3/30 
3/30 
3/30 
3/30 
2 


tAWC 
8TCLCL 
8TCLCL 
8TCLCL 
6TCLCL 
6TCLCL 
1 


tAAW 
5TCLCL-T26 
5TCLCL-T26 
5TCLCL-T26 
4TCLCL-T26 
4TCLCL-T26 
1 


tCAW 
4TCLCL-T34 
4TCLCL-T34 
4TCLCL-T34 
4TCLCL-T34 
4TCLCL-T34 
1 


tWCH 
3TCLCL+TCL 
3TCLCL+TCL 
3TCLCL+TCL 
3TCLCL+TCL 
3TCLCL+TCL 
1,3 
-T34 
-T34 
-T34 
-T34 
-T34 


tWCA 
4TCLCL+TCL 
4TCLCL+TCL 
4TCLCL+TCL 
3TCLCL+TCL 
3TCLCL+TCL 
1,3 


-T26 
-T26 
-T26 
-T26 
-T26 


tWP 
2TCLCL+TCL 
2TCLCL+TCL 
2TCLCL+TCL 
2TCLCL-T36 
2TCLCL-T36 
1 


-T36-TBUF 
-T36-TBUF 
-T36-TBUF 
-TBUF 
-TBUF 


tAWL 
3TCLCL-T36 
3TCLCL-T36 
3TCLCL-T36 
3TCLCL-TCL 
3TCLCL-TCL 
1 


-TBUF 
-TBUF 
.-TBUF 
-T36-TBUF 
-T36-TBUF 


tCWL 
3TCLCL-T36 
3TCLCL-T36 
3TCLCL-T36 
3TCLCL-TCL 
3TCLCL-TCL 
1 


-TBUF 
-TBUF 
-TBUF 
-T36-TBUF 
-T36-TBUF 
• 


inter 


Parameter 
Fast Cycle Mode 
Notes 
Co 
C1 
C2 
C3 


tRP 
4TCLCL-T26 
4TCLCL-T26 
4TCLCL-T26 
4TCLCL-T26 
1 


tCPN 
3TCLCL-T35 
3TCLCL-T35 
3TCLCL-T35 
3TCLCL-T35 
1 


tRSH 
3TCLCL-T34 
3TCLCL-T34 
4TCLCL-T34 
4TCLCL-T34 
1 


tCSH 
6TCLCL-T26 
6TCLCL-T26 
7TCLCL-T26 
7TCLCL-T26 
1 


tCAH 
TCLCL-T34 
2TCLCL-T34 
2TCLCL-T34 
2TCLCL-T34 
1 


tAR 
2TCLCL-T26 
3TCLCL-T26 
3TCLCL-T26 
3TCLCL-T26 
1 


tT 
3/30 
3/30 
3/30 
3/30 
2 


tRC 
8TCLCL 
8TCLCL 
9TCLCL 
9TCLCL 
1 


tRAS 
4TCLCL-T26 
4TCLCL-T26 
5TCLCL-T26 
5TCLCL-T26 
1 


tCAS 
5TCLCL-T34 
5TCLCL-T34 
6TCLCL-T34 
6TCLCL-T34 
1 


tRCS 
TCLCL-T36 
TCLCL-T36 
TCLCL-T36 
TCLCL-T36 
1 


-TBUF 
-TBUF 
-TBUF 
-TBUF 


Parameter 
Slow Cycle Mode 
Notes 
C4 
Cs 
C6 


tRP 
2TCLCL-T26 
2TCLCL-T26 
2TCLCL-T26 
1 


tCPN 
1.5TCLCL - T35 
1.5TCLCL - T35 
1.5TCLCL - T35 
1 


tRSH 
3TCLCL-T34 
3TCLCL-T34 
3TCLCL-T34 
1 


tCSH 
4TCLCL-T26 
4TCLCL-T26 
4TCLCL-T26 
1 


tCAH 
2TCLCL-T34 
2TCLCL-T34 
2TCLCL-T34 
1 


tAR 
2TCLCL-T26 
2TCLCL-T26 
2TCLCL-T26 
1 


tT 
3/30 
3/30 
3/30 
2 


tRC 
5TCLCL 
5TCLCL 
5TCLCL 
1 


tRAS 
3TCLCL-T26 
3TCLCL-T26 
3TCLCL-T26 
1 


tCAS 
4TCLCL-T34 
4TCLCL-T34 
4TCLCL-T34 
1 


tRCS 
0.5TCLCL - T36 
0.5TCLCL - T36 
0.5TCLCL - T36 
1 
-TBUF 
-TBUF 
-TBUF 


Parameter 
Fast Cycle Mode 
Notes 
Co 
C1 
C2 
Ca 


tRP 
3TCLCL-T26 
3TCLCL-T26 
3TCLCL-T26 
3TCLCL-T26 
1 


tCPN 
4TCLCL-T35 
4TCLCL-T35 
4TCLCL-T35 
4TCLCL-T35 
1 


tRSH 
5TCLCL-T34 
5TCLCL-T34 
6TCLCL-T34 
6TCLCL-T34 
1 


tCSH 
6TCLCL-T26 
6TCLCL-T26 
7TCLCL-T26 
7TCLCL-T26 
1 


tCAH 
TCLCL-T34 
2TCLCL-T34 
2TCLCL-T34 
2TCLCL-T34 
1 


tAR 
2TCLCL-T26 
3TCLCL-T26 
3TCLCL-T26 
3TCLCL-T26 
1 


tT 
3/30 
3/30 
3/30 
3/30 
2 


tRWC 
9TCLCL 
9TCLCL 
10TCLCL 
10TCLCL 
1 


tRRW 
6TCLCL-T26 
6TCLCL-T26 
7TCLCL-T26 
7TCLCL-T26 
1 


tCRW 
5TCLCL-T34 
5TCLCL-T34 
6TCLCL-T34 
6TCLCL-T34 
1 


tWCH 
5TCLCL-T34 
5TCLCL-T34 
6TCLCL-T34 
6TCLCL-T34 
1,4 


tWCR 
6TCLCL-T26 
6TCLCL-T26 
7TCLCL-T26 
7TCLCL-T26 
1,4 


tWP 
3TCLCL-T36 
3TCLCL-T36 
3TCLCL-T36 
3TCLCL-T36 
1 


-TBUF 
-TBUF 
-TBUF 
-TBUF 


tRWL 
3TCLCL-T36 
3TCLCL-T36 
3TCLCL-T36 
3TCLCL-T36 
1 


-TBUF 
-TBUF 
-TBUF 
-TBUF 


tCWL 
3TCLCL-T36 
3TCLCL-T36 
3TCLCL-T36 
3TCLCL-T36 
1 


-TBUF 
-TBUF 
-TBUF 
-TBUF 


Parameter 
Slow Cycle Mode 
Notes 
C4 
Cs 
C6 


tRP 
2TCLCL-T26 
2TCLCL-T26 
2TCLCL-T26 
1 


tCPN 
2.5TCLCL - T35 
2.5TCLCL - T35 
2.5TCLCL - T35 
1 


tRSH 
5TCLCL-T34 
5TCLCL-T34 
4TCLCL-T34 
1 


tCSH 
5TCLCL-T26 
5TCLCL-T26 
4TCLCL-T26 
1 


tCAH 
2TCLCL-T34 
2TCLCL-T34 
2TCLCL-T34 
1 


tAR 
2TCLCL-T26 
2TCLCL-T26 
2TCLCL-T26 
1 


tT 
3/30 
3/30 
3/30 
2 


tRWC 
7TCLCL 
7TCLCL 
6TCLCL 
1 


tRRW 
5TCLCL-T26 
5TCLCL-T26 
4TCLCL-T26 
1 


tCRW 
5TCLCL-T34 
5TCLCL-T34 
4TCLCL-T34 
1 


tWCH 
5TCLCL-T34 
5TCLCL-T34 
4TCLCL-T34 
1,4 


tWCR 
5TCLCL-T26 
5TCLCL-T26 
4TCLCL-T26 
1,4 


tWP 
3TCLCL-TCL 
3TCLCL-TCL 
3TCLCL-TCL 
1 
-T36-TBUF 
-T36-TBUF 
-T36-TBUF 


tRWL 
3TCLCL-TCL 
3TCLCL-TCL 
3TCLCL-TCL 
1 


-T36-TBUF 
-T36-TBUF 
-T36-TBUF 


tCWL 
3TCLCL-TCL 
3TCLCL-TCL 
3TCLCL-TCL 
1 


-T36-TBUF 
-T36-TBUF 
-T36-TBUF 


•• 


Parameter 
Fast Cycle Mode 
Notes 


Co 
C1 
C2 
C3 


tAP 
3TCLCL-T26 
3TCLGL-T26 
3TCLCL-T26 
3TCLCL-T26 
1 


tCPN 
4TCLCL-T35 
4TCLCL-T35 
4TCLCL-T35 
4TCLCL-T35 
1 


tASH 
8TCLCL-T34 
8TCLCL-T34 
1OTCLCL- T34 
1OTCLCL- T34 
1 


tCSH 
9TCLCL-T26 
9TCLCL-T26 
11TCLCL - T26 
11TCLCL - T26 
1 


tCAH 
TCLCL-T34 
2TCLCL-T34 
2TCLCL-T34 
2TCLCL-T34 
1 


tAA 
2TCLCL-T26 
3TCLCL-T26 
3TCLCL-T26 
3TCLCL-T26 
1 


tT 
3/30 
3/30 
3/30 
3/30 
2 


tAWC 
12TCLCL 
12TCLCL 
14TCLCL 
14TCLCL 
1 


tAAW 
9TCLCL-T26 
9TCLCL-T26 
11TCLCL - T26 
11TCLCL - T26 
1 


tCAW 
8TCLCL-T34 
8TCLCL-T34 
1OTCLCL- T34 
1OTCLCL- T34 
1 


tACS 
TCLCL-T36 
TCLCL-T36 
TCLCL-T36 
TCLCL-T36 
1 
-TBUF 
-TBUF 
-TBUF 
-TBUF 


tAWD 
6TCLCL-T26 
6TCLCL-T26 
8TCLCL-T26 
8TCLCL-T26 
1,4 


tCWD 
5TCLCL-T34 
5TCLCL-T34 
nCLCL-T34 
nCLCL-T34 
1 


tWP 
3TCLCL-T36 
3TCLCL-T36 
3TCLCL-T36 
3TCLCL-T36 
1 
-TBUF 
-TBUF 
-TBUF 
-TBUF 


tAWL 
3TCLCL-T36 
3TCLCL-T36 
3TCLCL-T36 
3TCLCL-T36 
1 
-TBUF 
-TBUF 
-TBUF 
-TBUF 


tCWL 
3TCLCL-T36 
3TCLCL-T36 
3TCLCL-T36 
3TCLCL-T36 
1 
-TBUF 
-TBUF 
-TBUF 
-TBUF 


inter 


Parameter 
Slow Cycle Mode 
Notes 
C4 
Cs 
C6 


tRP 
2TCLCL-T26 
2TCLCL-T26 
2TCLCL-T26 
1 


tCPN 
2.5TCLCL - T35 
2.5TCLCL - T35 
2.5TCLCL - T35 
1 


tRSH 
7TCLCL-T34 
7TCLCL-T34 
5TCLCL-T34 
1 


tCSH 
7TCLCL-T26 
7TCLCL-T26 
5TCLCL-T26 
1 


tCAH 
2TCLCL-T34 
2TCLCL-T34 
2TCLCL-T34 
1 


tAR 
2TCLCL-T26 
2TCLCL-T26 
2TCLCL-T26 
1 


tT 
3/30 
3/30 
3/30 
2 


tRWC 
9TCLCL 
9TCLCL 
7TCLCL 
1 


tRRW 
7TCLCL-T26 
7TCLCL-T26 
5TCLCL-T26 
1 


tCRW 
7TCLCL-T34 
7TCLCL-T34 
5TCLCL-T34 
1 


tACS 
0.5TCLCL - T36 
0.5TCLCL - T36 
0.5TCLCL - T36 
1 
-TBUF 
-TBUF 
-TBUF 


tRWD 
4TCLCL+TCL 
4TCLCL+TCL 
2TCLCL+TCL 
1 


-T26 
-T26 
-T26 


tCWD 
4TCLCL+TCL 
4TCLCL+TCL 
2TCLCL+TCL 
1 


-T34 
-T34 
-T34 


tWP 
3TCLCL-TCL 
3TCLCL-TCL 
3TCLCL-TCL 
1 


-T36-TBUF 
-T36-TBUF 
-T36-TBUF 


tRWL 
3TCLCL-TCL 
3TCLCL-TCL 
3TCLCL-TCL 
1 


-T36-TBUF 
-T36-TBUF 
-T36-TBUF 


tCWL 
3TCLCL-TCL 
3TCLCL-TCL 
3TCLCL-TCL 
1 


- T36- 
TBUF 
-T36-TBUF 
-T36-TBUF 


NOTES: 
1. Minimum. 
2. Value 
on right is maximum; 
value 
on left is minimum. 
3. Applies 
to the eight warm-up 
cycles 
during 
initialization 
only. 


4. Applies 
to the eight warm-up 
cycles 
and to the memory 
initialization 
cycles 
during 
initiali- 
zation 
only. 


5. TP = TCLCL 
T26 = TCLRSL 
T34 
= TCLCSL 
T35 
= TCLCSH 
T36 = TCLW 
TBUF 
= TIL 
Buffer 
delay. 


• 


82C08 
CHMOS DYNAMIC RAM CONTROLLER 


• 
0 Wait State with INTEL J.LProcessors 


• 
iAPX 286 
} 
82C08-20 
20 MHz 
(10, 8 MHz) 
82C08-16 
16 MHz 
iAPX 186/88 
} 82C08-10 
10 MHz 
86/88 
82C08-8 
8 MHz 


• 
Supports 
64K and 256K DRAMs 
(256K x 1 and 256K x 4 Organizations) 


• 
Power 
Down Mode with Programmable 
Memory 
Refresh 
using Battery 
Backup 


• 
Directly 
Addresses 
and Drives up to 
1 Megabyte 
without 
External 
Drivers 


• 
Microprocessor 
Data Transfer 
and 
Advance 
Acknowledge 
Signals 


• 
Five Programmable 
Refresh 
Modes 


• 
Automatic 
RAM Warm-up 


• 
Pin-Compatible 
with 8208 


• 
48 lead 
Plastic DIP; 68 Lead PLCC 


(See 
Intel Packaging; 
Order 
Number: 
231369-001) 


• 
Compatible 
with Normal Modes of 
Static Column and Ripplemode 
DRAMs 


The 
Intel 82C08 
Dynamic 
RAM Controller 
is a CMOS, 
high performance, 
systems 
oriented, 
Dynamic 
RAM 
controller 
that is designed 
to easily interface 
64K and 256K Dynamic 
RAMs to Intel and other 
microproces- 


sors. The 82C08 also has a power down mode where only the refresh 
logic is activated 
using battery backup. 
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Symbol 
DIP 
PLCC 
Type 
Name and Function 
Pin 


ALO 
5 
55 
I 
ADDRESS 
LOW: These lower order address inputs are used to 
AL1 
4 
56 
I 
generate 
the column address for the internal address 
multiplexer. 


AL2 
3 
57 
I 
In iAPX 286 mode (CFS = 1l, these addresses 
are latched 


AL3 
2 
58 
I 
internally. 


AL4 
1 
59 
AL5 
47 
63 
AL6 
46 
64 
AL7 
45 
66 
AL8 
44 
67 


AHO 
43 
2 
ADDRESS 
HIGH: These higher order address inputs are used to 
AH1 
42 
3 
generate 
the row address for the internal address 
multiplexer. 
In 


AH2 
41 
4 
iAPX 286 mode, these addresses 
are latched internally. 


AH3 
40 
5 
AH4 
39 
6 
AH5 
38 
7 
AH6 
37 
8 
AH7 
35 
12 
AH8 
34 
13 


BS 
6 
50 
BANK SELECT: This input is used to select one of the two banks 
of the dynamic 
RAM array. 


AOO 
7 
49 
0 
ADDRESS 
OUTPUTS: 
These outputs are designed 
to provide the 
A01 
8 
48 
0 
row and column addresses, 
of either the CPU or the refresh 


A02 
9 
47 
0 
counter, 
to the dynamic 
RAM array. These outputs drive the 


A03 
10 
46 
0 
dynamic 
RAM array directly and need no ex1ernal drivers. 


A04 
11 
45 
0 
However, 
they typically 
need series resistors 
to match 


A05 
13 
41 
0 
impedances. 


A06 
14 
40 
0 
A07 
15 
39 
0 
A08 
16 
38 
0 


RASO 
19 
33 
0 
ROW ADDRESS 
STROBE: These outputs are used by the 
RAS1 
18 
36 
0 
dynamic 
RAM array to latch the row address, 
present on the AOO- 
8 pins. These outputs are selected 
by the BS pin. These outputs 
drive the dynamic 
RAM array directly and need no ex1ernal drivers. 


CASO 
21 
30 
0 
COLUMN 
ADDRESS 
STROBE: These outputs are used by the 
CAS1 
20 
31 
0 
dynamic 
RAM array to latch the column address, 
present on the 
AOO-8 
pins, These outputs are selected 
by the BS pin. These 
outputs drive the dynamic 
RAM array directly and need no ex1ernal 


drivers. 


RESET 
23 
28 
I 
RESET: This active high signal causes all internal counters 
to be 
reset. Upon release of RESET, data appearing 
at the POI pin is 
clocked-in 
by the PCLK output. The states of the POI, PCTL, and 
RFRO pins are sampled 
by RESET going inactive and are used to 
program 
the 82C08. An 8-cycle dynamic 
RAM warm-up 
is 
performed 
after clocking 
POI bits into the 82C08. 


WEt 
25 
24 
0 
WRITE 
ENABLE/PROGRAMMING 
CLOCK: Immediately 
after a 
PCLK 
RESET this pin becomes 
PCLK and is used to clock serial 
programming 
data into the POI pin. After the 82C08 is programmed 
this active high signal provides 
the dynamic 
RAM array the write 
enable input for a write operation. 
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Symbol 
DIP 
PLCC 
Type 
Name and Function 
Pin 


AACK/ 
26 
23 
0 
ADVANCE 
ACKNOWLEDGE/TRANSFER 
ACKNOWLEDGE: 


XACK 
When the X programming 
bit is set to logic 0 this pin is AACK and 
indicates 
that the processor 
may continue 
processing 
and that 
data will be available when required. This signal is optimized 
for 
the system by programming 
the S program-bit 
for synchronous 
or 
asynchronous 
operation. 
The S programming 
bit determines 
whether 
this strobe will be early or late. If another dynamic 
RAM 
cycle is in progress 
at the time of the new request, the AACK is 
delayed. When the X programming 
bit is set to logic 1 this pin is 
XACK and indicates 
that data on the bus is valid during a read 
cycle or that data may be removed 
from the bus during a write 
cycle. XACK is a MUl TIBUS compatible 
signal. 


PCTl 
27 
22 
I 
PORT CONTROL: 
This pin is sampled 
on the falling edge of 
RESET. It configures 
the 82C08 to accept command 
inputs or 
processor 
status inputs. If PCTl 
is low after RESET the 82C08 is 
programmed 
to accept bus/multibus 
command 
inputs or iAPX 286 
status inputs. If PCTl 
is high after RESET the 82C08 is 
programmed 
to accept status inputs from iAPX 86 or iAPX 186 
type processors. 
The S2 status line should be connected 
to this 
input if programmed 
to accept iAPX 86 or iAPX 186 inputs. When 
programmed 
to accept bus commands 
or iAPX 286 status inputs, it 
should be tied low or it may be connected 
to INHIBIT when 
operating 
with MUl TIBUS. 


PE 
28 
21 
I 
PORT ENABLE: This pin serves to enable a RAM cycle request. 
It 
is generally 
decoded 
from the address bus. 


WR 
29 
20 
I 
WRITE: This pin is the write memory request command 
input. This 
input also directly accepts 
the SO status line from Intel processors. 


RO 
30 
19 
I 
READ: This pin is the read memory request command 
pin. This 
input also directly accepts 
the S1 status line from Intel processors. 


ClK 
31 
.16 
I 
CLOCK: This input provides the basic timing for sequencing 
the 
internal logic. 


RFRQ 
32 
15 
I 
REFRESH 
REQUEST: This input is sampled 
on the falling edge of 
RESET. If RFRQ is high at RESET then the 82C08 is programmed 
for internal-refresh 
request or external-refresh 
request with failsafe 
protection. 
If RFRQ is low at RESET then the 82C08 is 
programmed 
for external-refresh 
without failsafe 
protection 
or 
burst refresh. Once programmed 
the RFRQ pin accepts 
signals to 
start an external-refresh 
with failsafe 
protection 
or external-refresh 
without failsafe 
protection 
or a burst refresh. RFRQ is also 
sampled when POD is activated. 
When RFRQ = 1 it will cause 3 
burst refresh cycles. 


POI 
33 
14 
I 
PROGRAM 
DATA INPUT: This input is sampled 
by RESET going 
low. It programs 
the various user selectable 
options 
in the 82C08. 


The PCLK pin shifts programming 
data into the POI input from an 
external 
shift register. This pin may be strapped 
low to a default 
iAPX 186 mode configuration 
or high to a default iAPX 286 mode 
configuration. 


·POO 
17 
37 
I 
POWER DOWN DETECT: This input is sampled 
before every 
memory cycle to inform the 82C08 of system detection 
of power 


. 
failure. When active, the 82C08 remains in power down mode and 
performs 
memory refresh only (RAS-only 
refresh). 
In power down 
mode the 82C08 uses POClK 
for timing and VPO for power. 


Symbol 
DIP 
PLCC 
Type 
Name and Function 
Pin 


'PDCLK 
22 
29 
I 
POWER DOWN CLOCK: This pin is used as a clock for internal 
refresh circuits during power down. The input can be 
asynchronous 
to pin 31. Extended 
refresh is achieved 
by slowing 
down this clock. This pin should be grounded 
if nol used. 


'VeelVpo 
48 
61,62 
I 
POWER: Power supply for internal 
logic. This should be held 
active during power down, and normal operation. 


Vee 
24 
26,27 
I 
POWER: Supply for drivers. Need not be held active during power 
down. 


Vss 
12 
9,10, 
I 
GROUND 
36 
11,42, 
I 
GROUND 
43,44 


NC 
- 
17,18, 
1,25, 
32,34, 
35,51, 
53,54, 
60,65, 
68 


Vees 
52 
Connect 
to Vpo, Pins 61-62 
for PLCC package. 


The Intel 82G08 Dynamic 
RAM Controller 
is a micro- 
computer 
peripheral 
device which 
provides 
the nec- 
essary signals to address, 
refresh, 
and directly 
drive 
64K and 256K dynamic 
RAMs. 
It is compatible 
with 
static column 
or ripple 
mode 
DRAMs 
in the normal 
mode. It does not support 
the fast transfer 
mode of 
these 
DRAMs. 


The 
82C08 
supports 
several 
microprocessor 
inter- 
face 
options 
including 
synchronous 
and asynchro- 
nous 
operations 
for iAPX 86, iAPX 186, iAPX 286, 
and 
MUL TIBUS. 
The 
82C08 
will 
also 
interface 
to 
non-Intel 
microprocessors. 


The 82G08 is a CHMOS 
version 
of the 8208 and is 
pin compatible 
with it. Three pins-17, 
22, and 48- 
of the 82C08 are different 
from the 8208. They pro- 
vide a power down mode that allows 
the system 
to 
run at a much 
lower 
ICG. In this mode, the 82C08 
refreshes 
the DRAM using battery backup. The pow- 
er down current 
(Ipo) that is drawn 
by the 82C08 
is 
very small compared 
to the Ice which allows memo- 
ry to be kept alive with a battery. A separate 
refresh 
clock, 
pin 22, allows the designer 
to take advantage 
of RAMs that permit extended 
memory 
refresh. 


The 
82C08 
also 
has some 
timing 
changes 
versus 
the 
8208. 
In order 
to 
eliminate 
the 
external 
bus 
latches, 
both WE and CAS timings 
are shortened. 
These timing changes 
are backwards-compatible 
for 
8208 designs. 


The 82C08 has control 
circuitry 
capable 
of support- 
ing 
one 
of 
several 
possible 
bus 
structures. 
The 
82C08 
may be programmed 
to run synchronous 
or 
asynchronous 
to the 
processor 
clock. 
The 
82C08 
has been optimized 
to run synchronously 
with Intel's 
iAPX 
86, 
iAPX 
88, 
iAPX 
186/188 
and 
iAPX 
286. 
When the 82C08 is programmed 
to run in asynchro- 
nous 
mode, 
the 82C08 
inserts 
the necessary 
syn- 
chronization 
circuitry 
for the RD, WR inputs. 


The 82C08 
achieves 
high performance 
(i.e. no wait 
states) by decoding 
the status lines directly from the 
processor. 
The 82C08 
can also be programmed 
to 
receive read or write MUL TIBUS commands 
or com- 
mands from a bus controller. 


The 82C08 may be programmed 
to operate 
synchro- 
nously to the processor. 
It can also be programmed 
to run at various 
frequencies. 
(See Microprocessor 
Clock Frequency 
Option.) 


Figure 2 shows the different 
processor 
interfaces 
to 
the 82C08 
using the synchronous 
or asynchronous 
mode 
and 
status 
or command 
interface. 
Figure 
3 
shows detailed 
interfaces 
to the iAPX 186 and iAPX 
286 processors. 
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Dynamic RAM Interface 


The 82C08 
is capable 
of addressing 
64K and 256K 
dynamic 
RAMs. 
Figure 
3 shows 
the connection 
of 
the processor 
address 
bus to the 82C08 
using the 
different 
RAMs. 


64K RAM 
INTERFACE 
231357-13 


NOTES: 
1. Unassigned 
address 
input 
pins 
should 
be strapped 
high. 
2. AO along with SHE are used to select 
a byte within 
a 
processor 
word. 
3. Low order address 
bit is used as a bank select 
input 
so that consecutive 
memory 
access 
requests 
are to al- 
ternate 
banks 
allowing 
bank 
interleaving 
of 
memory 
cycles. 


Figure 
3. Processor 
Address 
Interface 
to the 
82C08 Using 
64K, and 256K RAMS 


The 
82C08 
divides 
memory 
into two 
banks, 
each 
bank having its own Row (RAS) and Column 
(CAS) 
Address 
Strobe pair. This organization 
permits 
RAM 
cycle 
interleaving. 
RAM cycle 
interleaving 
overlaps 
the start of the next RAM cycle with the RAM pre- 
charge 
period of the previous 
cycle. 
Hiding the pre- 
charge 
period 
of one 
RAM 
cycle 
behind 
the 
data 
access 
period 
of 
the 
next 
RAM 
cycle 
optimizes 
memory 
bandwidth 
and is effective 
as long as suc- 
cessive 
RAM cycles 
occur in the alternate 
banks. 


Successive 
data access to the same bank cause the 
82C08 to wait for the precharge 
time of the previous 
RAM cycle. 
But when the 82C08 
is programmed 
in 
an iAPX 186 synchronous 
configuration, 
consecutive 
cycles 
to the same bank do not result in additional 
wait states 
(Le. 0 wait state). 


If not all RAM banks 
are occupied, 
the 82C08 
can 
be 
programmed 
to 
reassign 
the 
RAS 
and 
CAS 
strobes 
to allow 
using wider data words 
without 
in- 
creasing 
the loading 
on the RAS and CAS drivers. 


Table 2 shows the bank selection 
decoding 
and the 
corresponding 
RAS and CAS assignments. 
For ex- 
ample, 
if only one RAM bank is occupied, 
then the 
two 
RAS and 
CAS strobes 
are activated 
with 
the 
same timing. 


Table 
2. Bank Selection 
Decoding 
and Word 
Expansion 


Program 
Bank 
82C08 
Bit 
Input 
RAS/CAS 
Pair Allocation 
RB 
BS 


0 
0 
RASo, 1, CASo, 1 to Bank 0 


0 
1 
Illegal 


1 
0 
RASo, CASo to Bank 0 


1 
1 
RAS1, CAS1 to Bank 1 


Program bit RB is not used to check the bank select 
input BS. The system 
design 
must protect 
from ac- 
cesses 
to "illegal", 
non-existent 
banks 
of memory 
by deactivating 
the PE input when addressing 
an "il- 
legal", 
non-existent 
bank of memory. 


The 82C08 adjusts and optimizes 
internal timings for 
either the fast or slow RAMs as programmed. 
(See 
RAM Speed Option.) 


Memory Initialization 


After 
programming, 
the 82C08 
performs 
eight RAM 
"wake-up" 
cycles 
to prepare 
the dynamic 
RAM for 
proper device 
operation. 


The 
82C08 
provides 
an 
internal 
refresh 
interval 
counter 
and a refresh 
address 
counter 
to allow the 
82C08 
to refresh 
memory. 
The 
82C08 
has a 9-bit 
internal 
refresh 
address 
counter 
which 
will refresh 
128 rows 
every 
2 milliseconds, 
256 
rows 
every 
4 
milliseconds 
or 512 rows every 8 milliseconds, 
which 
allows 
all RAM refresh 
options 
to be supported. 
In 
addition, 
there 
exists 
the ability 
to refresh 
256 row 
address 
locations 
every 
2 milliseconds 
via the Re- 
fresh Period'programming 
option. 


The 82C08 
may be programmed 
for any of five dif- 
ferent refresh options: 
Internal refresh only, External 
refresh 
with 
failsafe 
protection, 
External 
refresh 
without 
failsafe 
protection, 
Burst refresh 
modes, 
or 
no refresh. 
(See Refresh 
Options.) 


It is possible 
to decrease 
the refresh time interval 
by 
10%,20% 
or 30%. This option 
allows the 82C08 to 
compensate 
for 
reduced 
clock 
frequencies. 
Note 


• 


all retreSh Interval 
options 
to compensate 
TOrClOCK 
variations 
and non-immediate 
response 
to the Inter- 
nally generated 
refresh 
request. 
(See Refresh 
Peri- 
od Options.) 


External 
Refresh 
Requests 
after 
RESET 


External 
refresh 
requests 
are not recognized 
by the 
82C08 until after it is finished 
programming 
and pre- 
paring 
memory 
for access. 
Memory 
preparation 
in- 
cludes 
8 RAM cycles 
to prepare 
and ensure 
proper 
dynamic 
RAM operation. 
The time 
it takes 
for the 
82C08 to recognize 
a request 
is shown 
below. 


ego 82C08 System 
Response: 


TRESP 
= TPROG + TPREP 


where: TPROG 
= (40) (TCLCL) 
programming 
time 


TPREP 
= (8) (32) (TCLCL) 
RAM 


wa!m-up 
time 


if TCLCL 
= 125 ns then TRESP 
= 37 /los 


Reset 


RESET 
is an asynchronous 
input, its falling 
edge is 
used by the 82C08 to directly sample the logic levels 
of the PCTL, RFRO, and POI inputs. 
The internally 
synchronized 
falling 
edge of reset 
is used to begin 
programming 
operations 
(shifting 
in th~ contents 
of 
the 
external 
shift 
register, 
if needed, 
Into the 
POI 
input). 


Differentiated 
reset is unnecessary 
when the default 
synchronization 
programming 
is used. 


Until 
programming 
is complete 
the 
82C08 
I~tches 
but does not respond 
to command 
or status Inputs. 
A problem 
may occur 
if the S bit is programmed 
in- 
consistently 
from the Command 
which 
was latched 
before 
programming 
was 
completed. 
A 
simple 
means 
of preventing 
commands 
or status 
from oc- 
curring 
during this period 
is to differentiate 
the sys- 
tem reset 
pulse to obtain 
a smaller 
reset pulse for 
the 82C08. 


The differentiated 
reset pulse would be shorter than 
the system 
reset pulse by at least the programming 
period required 
by the 82C08. The differentiated 
re- 
set pulse first resets 
the 82C08, 
and system 
reset 
would reset the rest of the system. 
While the rest of 
the system 
is still in reset, the 82C08 
completes 
its 
programming. 
Figure 4 illustrates 
a circuit to accom- 
plish this task. 


-RE~ 
L- 


82C08 
I-- 
·1---, 
RES~,-- 
_ 


t 
PROGRAMMING 
TIME 
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_ 


DIFFERENTIATED RESET 


NOTES: 
231357-14 
1. ReqUired 
only when 
the synchronization 
option 
is al- 
tered 
from its initial default 
value. 
2. Vcc 
must be stable 
before 
system 
reset 
is activated 
when 
using this circuit. 


Figure 
4. 82C08 Differentiated 
Reset 
Circuit 


Within 
four clocks 
after 
RESET 
goes active, 
all the 
82C08 outputs will go high, except for AOO-2, 
which 
will go low. 
. 


Programming 
the 82C08 


The 82C08 is programmed 
after reset. On the falling 
edge of RESET, the logic states of several input pins 
are latched internally. 
The falling edge of RESET ac- 
tually 
performs 
the latching, 
which 
means 
that 
the 
logic levels 
on these 
inputs 
must be stable 
prior to 
that time. The inputs whose 
logic levels are latched 
at the end of reset are the PCTL, 
RFRO, 
and POI 
pins. 


Status/Command 
Mode 


The 
processor 
port of the 82C08 
is configured 
by 
the states of the PCTL pin. Which interface 
is select- 
ed depends 
on the state of the PCTL pin at the end 
of reset. 
If PCTL 
is high 
at the 
end 
of reset, 
the 
8086/80186 
Status interface 
is selected; 
if it is low, 
then the MUL TIBUS or Command 
interface 
is select- 
ed. 


The status lines of the 80286 are similar in code and 
timing 
to 
the 
Multibus 
command 
lines, 
while 
the 
status 
code 
and timing 
of the 8086 
and 8088 
are 
identical 
to those 
of the 80186 
and 80188 
(ignoring 
the differences 
in clock 
duty cycle). 
Thus there 
ex- 
ists two interface 
configurations, 
one for the 80286 
status 
or 
Multibus 
memory 
commands, 
which 
is 
called 
the 
Command 
interface, 
and one 
for 8086, 


8088,80186 
or 80188 status, called the 8086 Status 
interface. 
The Command 
interface 
can also directly 
interface 
to the command 
lines of the bus controllers 
for the 8086, 8088, 80186 and the 80286. 


The 80186 Status interface 
allows direct decoding 
of 
the status 
lines for the iAPX 86, iAPX 88, iAPX 186 
and the 
iAPX 
188. Table 
3 shows 
how the status 
lines are decoded. 


Table 3A. Status Coding of 8086, 
80186 and 80286 


Status Code 
Function 


S2 
Sl 
SO 
8086/80186 
80286' 
0 
0 
0 
INTERRUPT 
INTERRUPT 
0 
0 
1 
110 READ 
1/0 READ 
0 
1 
0 
110 WRITE 
1/0 WRITE 
0 
1 
1 
HALT 
IDLE 


1 
0 
0 
INSTRUCTION 
HALT 
FETCH 


1 
0 
1 
MEMORY 
MEMORY 
READ 
READ 


1 
1 
0 
MEMORY 
MEMORY 
WRITE 
WRITE 


1 
1 
1 
IDLE 
IDLE 


82C08 
Function 
Command 


8086/80186 
80286 Status or 
PCTL 
RD 
WR 
Status 
Command 
Interface 
Interface 


0 
0 
0 
IGNORE 
IGNORE' 


0 
0 
1 
IGNORE 
READ 


0 
1 
0 
IGNORE 
WRITE 


0 
1 
1 
IGNORE 
IGNORE 


1 
0 
0 
READ 
IGNORE 


1 
0 
1 
READ 
INHIBIT 


1 
1 
0 
WRITE 
INHIBIT 


1 
1 
1 
IGNORE 
IGNORE 


Immediately 
after 
system 
reset, 
the 
state 
of 
the 
RFRO 
input 
pin is examined. 
If RFRO 
is high, the 
82C08 
provides 
the 
user with the choice 
between 
self-refresh 
and user-generated 
refresh with failsafe 
protection. 
Failsafe 
protection 
guarantees 
that if the 
user does 
not come 
back 
with another 
refresh 
re- 
quest 
before 
the 
internal 
refresh 
interval 
counter 
times 
out, 
a refresh 
request 
will 
be automatically 


generated. 
If the RFRO pin is low immediately 
after 
a reset, 
then 
the 
user 
has the 
choice 
of a single 
external 
refresh 
cycle without 
failsafe, 
burst refresh 
or no refresh. 


For the 82C08 to generate 
internal 
refresh requests, 


it is necessary 
only to strap the RFRO input pin high. 


To allow 
user-generated 
refresh 
requests 
with fail- 
safe 
protection, 
it is necessary 
to hold 
the 
RFRO 
input high until after reset. Thereafter, 
a low-to-high 
• 
transition 
on this input causes 
a refresh 
request 
to 
be generated 
and the internal 
refresh 
interval 
coun- 
ter to be reset. A high-to-Iow 
transition 
has no effect 
on the 82C08. 
A refresh 
request 
is not recognized 
until a previous 
request 
has been serviced. 


To generate 
single external 
refresh requests 
without 
failsafe 
protection, 
it is necessary 
to hold RFRO low 
until after reset. Thereafter, 
bringing 
RFRO 
high for 
one clock 
period will cause a refresh 
request 
to be 
generated. 
A refresh 
request 
is not recognized 
until 
a previous 
request 
has been serviced. 


Burst refresh 
is implemented 
through 
the same pro- 
cedure 
as a single 
external 
refresh 
without 
failsafe 
(Le., RFRO is kept low until after reset). Thereafter, 
bringing 
RFRO 
high for at least 
two 
clock 
periods 
will cause a burst of up to 128 row address 
locations 
to be refreshed. 
A refresh 
request 
is not recognized 
until a previous 
request 
has been serviced 
(Le. burst 
is completed). 


It is necessary 
to hold RFRO 
low until after 
reset. 


This is the same as programming 
External 
Refresh 
without 
Failsafe. 
No 
refresh 
is 
accomplished 
by 
keeping 
RFRO low. 


The program 
data word consists 
of 9 program 
data 
bits, PDO-PD8. 
If the first program 
data bit, PDO is 


set to logic 
0, the 82C08 
is configured 
to support 
iAPX 
186, 
188, 86, or 88 systems. 
The 
remaining 
bits, 
PD1-PD8, 
may then 
be programmed 
to opti- 
mize a selected 
system configuration. 
A default of all 
zeros 
in the 
remaining 
program 
bits optimizes 
the 
82C08 timing for 8 MHz Intel CPUs using 150 ns (or 
faster) 
dynamic 
RAMs with no performance 
penalty. 


If the 
first 
program 
data 
bit is set to logic 
1, the 
82C08 
is configured 
to support 
iAPX 286 systems 
(Command 
mode). 
A default 
of all ones in the pro- 
gram bits optimizes 
the 82C08 timing for an 8 MHz 
286 using 120 ns DRAMs 
at zero wait states. 
Note 
that 
the 
programming 
bits 
PD1-8 
change 
polarity 
according 
to PDO. This ensures 
the same choice 
of 
options 
for both default 
modes. 


Table 4A shows the various options 
that can be pro- 
grammed 
into the 82C08. 


Program 
Name 
Polarity/Function 
Data Bit 
PD~ = 0 
PD~ = 1 


CFS = 0 SLOW CYCLE 
PDO 
CFS 
CFS 
CFS = 
1 FAST CYCLE 


PDl 
S 
S 
S=O 
SYNCHRONOUS' 
5=1 


ASYNCHRONOUS 


PD2 
RFS 
RFS 
RFS = 0 FAST RAM' 
RFS = 1 SLOW RAM 


PD3 
RB 
RB 
RAM BANK 
OCCUPANCY 
SEE TABLE 
2 


PD4 
Cll 
Cll 
COUNT 
INTERVAL 
BIT 1; 
SEE TABLE 6 
PD5 
CIO 
CIO 
COUNT 
INTERVAL 
BIT 0; 
SEE TABLE 
6 


PD6 
PLS 
PLS 
PLS = 0 LONG 
REFRESH 
PERIOD' 
PLS = 1 SHORT 


REFRESH 
PERIOD 


PD? 
m 
FFS 
m = OFASTCPU 


FREQUENCY' 
FFS = 
1 SLOW CPU 


FREQUENCY 


PD8 
X 
X 
X = OAACK' 
X = 
1 XACK 


The 82C08 
may be programmed 
by using an exter- 
nal shift 
register 
with asynchronous 
load capability 
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such as a 74HC165. 
The reset pulse serves to paral- 


lel load the shift register and the 82C08 supplies 
the 
clocking 
signal (PCLK) to shift the data into the PDI 
programming 
pin. Figure 
6 shows 
a sample 
circuit 
diagram 
of an external 
shift register 
circuit. 


Serial data is shifted 
into the 82C08 via the PDI pin 
(33), 
and 
clock 
is provided 
by the 
WE/PCLK 
pin 
(25), which generates 
a total of 9 clock 
pulses. 


WE/PCLK 
is a dual function 
pin. During 
program- 
ming, 
it serves 
to clock 
the external 
shift 
register, 
and after programming 
is completed, 
it reverts to the 
write 
enable 
RAM 
control 
output 
pin. 
As the 
pin 
changes 
state to provide 
the write enable 
signal to 
the 
dynamic 
RAM 
array, 
it continues 
to clock 
the 
shift register. 
This does 
not present 
a problem 
be- 
cause data at the PDI pin is ignored 
after program- 


ming. Figure 7 illustrates 
the timing requirements 
of 
the shift register. 


After 
reset, 
the 82C08 
serially 
shifts 
in a program 
data word via the PDI pin. This pin may be strapped 
low or high, or connected 
to an external 
shift regis- 
ter. Strapping 
PDI low causes 
the 82C08 
to default 
to the 
iAPX 
186 
system 
configuration, 
while 
high 
causes 
a default 
to the iAPX 286 configuration. 
Ta- 
ble 48 shows the characteristics 
of the default 
con- 
figuration 
for Fast Cycle 
(PDI = 1) and 
Slow 
Cycle 
(PDI = 0). If further 
system 
flexibility 
is needed, 
one 
external 
shift register, 
like a 74HC165, 
can be used 
to tailor the 82C08 to its operating 
environment. 


Synchronous 
interface 


Fast RAM (Note 1) 


2 RAM banks occupied 


128 row refresh in 2 ms; 256 in 4 ms, 512 in 8 ms 


Fast processor 
clock frequency 


Advanced 
ACK strobe 


NOTE: 
1. For 
iAPX 
86/186 
systems 
either 
slow 
or fast 
(150 
or 
100 ns) RAMS will run at 8 MHz with zero wait states. 


Synchronous! 
Asynchronous 
Mode 
(S program bit) 


The 82C08 
may be configured 
to accept 
synchro- 
nous or asynchronous 
commands 
(RD, WR, PCTL) 
and 
Port 
Enable 
(PE) via the 
S program 
bit. The 
state of the S programming 
bit determines 
whether 
the interface 
is synchronous 
or asynchronous. 
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TRTVCL 
- 
Reset 
is an asychronous 
input, if reset occurs 
before 
TRTVCL, 
then it is guaranteed 
to be recognized. 
TPGVCL 
- 
Minimum 
POI valid time prior to reset going low. 
. 


TCLPC 
- 
MUX/PCLK 
delay. 
TLOAO 
- 
Asychronous 
load data propagation 
delay. 


Figure 
7. Timing 
Illustrating 
External 
Shift 
Register 
Requirements 
for Programming 
the 82C08 


While the 82Coa 
may be configured 
with either the 
Status 
or Command 
(MUL TIBUSj 
interface 
in the 
Synchronous 
mode, 
certain 
restrictions 
exist in the 
Asynchronous 
mode. 
An Asynchronous-Command 
interface 
is directly 
supported. 
An Asynchronous- 
80186/80286 
Status interface 
using the status lines 
of the 80186/80286 
is supported 
with 
the 
use of 
TTL gates 
as illustrated 
in Figure 
2. In the 80186 
case, the TTL gates 
are needed 
to guarantee 
that 
status 
does 
not appear 
at the 82C08's 
inputs 
too 
much 
before 
address, 
so that 
a cycle 
would 
start 
before address 
was valid. In the case of the 80286, 
the TTL gates 
are used for lengthening 
the Status 
pulse, as required 
by the TRWl 
timing. 


Microprocessor 
Clock Cycle Option 
(CFS and FFS program bits) 


The 
82C08 
is programmed 
to interface 
with micro- 
processors 
with 
"slow 
cycle" 
timing 
like the 8086, 
8088, 80186, 
and 80188, 
and with "fast 
cycle" 
mi- 
croprocessors 
like the 80286. The CFS bit is used to 
select the appropriate 
timing. 


The FFS option 
is used to select 
the speed 
of the 
microprocessor 
clock. Table 5 shows the various mi- 
croprocessor 
clock 
frequency 
options 
that 
can 
be 
programmed. 
The external 
clock frequency 
must be 


• 


inter 


programmed 
so that 
the failsafe 
refresh 
repetition 
circuitry 
can adjust 
its internal 
timing accordingly 
to 
produce 
a refresh 
request 
as programmed. 


Table 5. Microprocessor 
Clock 
Frequency 
Options 


Program 
Bits 
Processor 
Clock 


CFS 
FFS 
Frequency 


0 
0 
iAPX86, 
~ 5 MHz 
88,186,188 


0 
1 
iAPX 86, 
> 5 MHz 
88, 186, 188 


1 
0 
iAPX286 
~ 10 MHz 


1 
1 
iAPX286 
> 10 MHz 


The 
RAM 
Speed 
programming 
option 
determines 
whether 
RAM timing 
will be optimized 
for a fast or 
slow RAM. Whether 
a RAM is fast or slow is mea- 
sured 
relative 
to 
100 ns DRAMs 
(fast) 
or 150 ns 
DRAMs 
(slow). 
This option 
is only a factor 
in Fast 
cycle Mode (CFS = 1). 


Refresh Period Options (CIO, CI1 and 
PLS program bits) 


The 82C08 
refreshes 
with either 
128 rows every 2 
milliseconds, 
with 256 rows every 4 milliseconds 
or 
512 
rows 
every 
8 milliseconds. 
This 
translates 
to 
one 
refresh 
cycle 
being 
executed 
approximately 
once 
every 
15.6 
microseconds. 
This 
rate 
can 
be 
changed 
to 256 rows every 2 milliseconds 
or a re- 
fresh 
approximately 
once 
every 
7.8 microseconds 
via the 
Period 
Long/Short, 
program 
bit PLS, pro- 
gramming 
option. 


The Count Interval 0 (CIO) and Count Interval 
1 (CI1) 
programming 
options 
allow the rate at which refresh 
requests 
are generated 
to be increased 
in order to 
permit refresh requests 
to be generated 
close to the 
15.6 or 7.8 microsecond 
period 
when the 82C08 
is 
operating 
at reduced 
frequencies. 
The interval 
be- 
tween 
refreshes 
is decreased 
by 0%,10%,20%, 
or 
30% as a function 
of how the count interval bits are 
programmed. 
A 5% guardband 
is built-in to allow for 
any clock 
frequency 
variations. 
Table 
6 shows 
the 
refresh 
period options 
available. 


The numbers 
tabulated 
under Count 
Interval 
repre- 
sent the number 
of clock 
periods 
between 
internal 
refresh 
requests. 
The 
percentages 
in parentheses 
represent 
the decrease 
in the interval 
between 
re- 
fresh requests. 


Count Interval 
Ref. 
C11,C10 
Period 
CFS 
PLS FFS 
(82C08 Clock Periods) 
(,...s) 
00 
01 
10 
11 
(0%) 
(10%) 
(20%) 
(30%) 


15.6 
1 
1 
1 
236 
212 
188 
164 


7.8 
1 
0 
1 
118 
106 
94 
82 


15.6 
1 
1 
0 
148 
132 
116 
100 


7.8 
1 
0 
0 
74 
66 
58 
50 


15.6 
0 
1 
1 
118 
106 
94 
82 


7.8 
0 
0 
1 
59 
53 
47 
41 


15.6 
0 
1 
0 
74 
66 
58 
50 


7.8 
0 
0 
0 
37 
33 
29 
25 


The refresh 
count interval 
is set up for the following 
basic frequencies: 


5 MHz slow cycle 


8 MHz slow cycle 


10 MHz fast cycle 


16 MHz fast cycle 


Example: 
Best 12 MHz fast cycle 
performance 
can 
be achieved 
using the basic 
frequency 
of 16 MHz 
(CFS = 1, FFS = 1) and the appropriate 
count 
in- 
terval bits (C11 = 1, CIO = 1) to reduce the frequen- 
cy. 


Processor Timing 


In order 
to run without 
wait states, 
AACK 
must be 
used and connected 
to the SRDY input of the appro- 
priate 
bus controller. 
AACK 
is issued 
relative 
to a 
point within the RAM cycle and has no fixed relation- 
ship to the processors's 
request. 
The timing is such, 


however, 
that 
the 
processor 
will 
run without 
wait 
states, 
barring 
refresh 
cycles. 
In slow 
cycle, 
fast 
RAM configurations 
(8086, 80186), 
AACK 
is issued 
on the same clock 
cycle that issues RAS. 


Port Enable 
(PE) set-up 
time requirements 
depend 
on whether 
the 82C08 is configured 
for synchronous 


inter 


or asynchronous, 
fast or slow cycle operation. 
In a 
synchronous 
fast cycle configuration, 
PE is required 
to be set-up 
to the same 
clock 
edge as the com- 
mands. 
If PE is true (low), a RAM cycle is started; 
if 
not, the cycle is not started 
until the RD or WR line 
goes inactive 
and active again. 


In asychronous 
operation, 
PE is required 
to be set- 


up to the same clock edge as the internally 
synchro- 
nized 
status 
or commands. 
Externally, 
this 
allows 
the internal 
synchronization 
delay to be added to the 
status (or command) 
-to-PE delay time, thus allowing 
for more 
external 
decode 
time than 
is available 
in 
synchronous 
operation. 


The minimum 
synchronization 
delay is the additional 
amount 
that PE must be held valid. If PE is not held 
valid for the maximum 
synchronization 
delay time, it 
is possible 
that PE will go invalid 
prior to the status 
or command 
being synchronized. 
In such a case the 
82C08 
may not start a memory 
cycle. 
If a memory 
cycle intended 
for the 82C08 is not started, 
then no 
acknowledge 
(AACK 
or XACK) 
is issued 
and 
the 
processor 
locks up in endless 
wait states. 


Two types of memory 
acknowledge 
signals are sup- 
plied 
by the 
82C08. 
They 
are the 
Advanced 
Ac- 
knowledge 
strobe 
(AACK) 
and 
the 
Transfer 
Ac- 
knowledge 
strobe 
(XACK). 
The 
S programming 
bit 
optimizes 
AACK for synchronous 
operation 
("early" 
AACK) 
or asynchronous 
operation 
("late" 
AACK). 
Both the early and late AACK strobes 
are two clocks 
long for CFS = 0 and three clocks 
long for CFS = 


1. 


The XACK strobe is asserted 
when data is valid (for 
reads) 
or when 
data 
may be removed 
(for writes) 
and 
meets 
the 
MUL TIBUS 
requirements. 
XACK 
is 
removed 
asynchronously 
by the 
command 
going 
inactive. 


Since 
in an asynchronous 
operation 
the 82C08 
re- 
moves 
read data before 
late MCK 
or XACK is rec- 
ognized 
by the CPU, the user must provide 
for data 
latching 
in the system 
until the CPU reads the data. 
In synchronous 
operation 
data latching 
is unneces- 
sary, since the 82C08 will not remove 
data until the 
CPU has read it. 


If the X programming 
bit is high, the strobe is config- 
ured as XACK, while 
if the bit is low, the strobe 
is 
configured 
as MCK. 


Data will always be valid a fixed time after the occur- 
rence of the advanced 
acknowledge. 
Thus, the ad- 
vanced 
acknowledge 
may also serve as a RAM cy- 
cle timing indicator. 


General System Considerations 
1. The RASO, 1, CASO, 1, and AOO-8 
output buffers 


. are designed 
to directly drive the heavy capacitive 
loads 
of the dynamic 
RAM 
arrays. 
To keep 
the 
RAM driver outputs from ringing excessively 
in the 
system 
environment 
it is necessary 
to match 
the 
output 
impedance 
with 
the 
RAM 
array 
by using 
2 


series resistors. 
Each application 
may have differ- 
ent 
impedance 
characteristics 
and 
may 
require 
different 
series 
resistance 
values. 
The series 
re- 
sistance 
values 
should 
be determined 
for 
each 
application. 


2. Although 
the 82C08 
has programmable 
options, 
in practice 
there 
are only a few choices 
the de- 
signer 
must 
make. 
For 
iAPX 
86/186 
systems 
(CFS = 0) the C2 default 
mode (pin 33 tied low) 
is the best choice. This permits zero wait states at 
8 and 10 MHz with 150 ns DRAMs. The only con- 
sideration 
is the refresh 
rate, which 
must be pro- 


grammed 
if the CPU is run at less than 8 MHz. 


For iAPX 286 systems 
(CFS 
= 1) the designer 
must choose 
between 
configuration 
CO (RFS = 


0) and C1 (RFS = 1, FFS = 0). CO permits 
zero 
wait state, 8 MHz iAPX 286 operation 
with 120 ns 
DRAMs. 
However, 
for consecutive 
reads, this per- 


formance 
depends 
on interleaving 
between 
two 
banks. 
The 
C1 
configuration 
trades 
off 
1 wait 
state 
performance 
for the 
ability 
to use 
150 ns 
DRAMs. 
150 ns DRAMs 
can be supported 
by the 
CO configuration 
using 7 MHz iAPX 286. 


3. For non-Intel 
microprocessors, 
the asynchronous 
command 
mode would 
be the best choice, 
since 
Intel 
status 
lines 
are not available. 
To minimize 
the synchronization 
delay, the 82C08 
should 
use 
a 16 MHz clock. 
The preferred 
timing 
configura- 
tion is CO. 


Synchronous 
Asynchronous 
XACK 


Fast Cycle 
AACK Optimized 
AACK Optimized 
for 
Multibus Compatible 
for Local 80286 (early) 
Remote 80286 (late) 


Slow Cycle 
AACK Optimized 
AACK Optimized 
for 
Multibus 
Compatible 
for Local 8086/186 
(early) 
Remote 8086/186 
(late) 


During Power Down (PO) mode, the 82C08 will per- 
form refresh cycles to preserve 
the memory content. 


Two pins are dedicated 
to this feature, 
POD (Power 
Down 
Detect) 
and 
PDCLK 
(Power 
Down 
Clock). 
POD is used to inform the 82C08 of a system power 
failure, and will remain active as long as the power is 
down. It is the system's 
responsibility 
to detect 
pow- 
er failure and to supply this signal. PDCLK is used to 
supply 
the clock 
during 
power 
d~wn for th~ ~~C08 
refresh 
circuits. 
It is the 
system s responsibility 
to 
supply this clock. 


Power Supplies 


Power 
down 
is achieved 
by eliminating 
the 
clock 
from all the 82C08 circuits 
that are not participating 
in the refresh generation. 
The 82C08 has two power 
pins (Vee's), 
one supplies 
power to the output 
buff- 
ers and the other, to 82C08 
logic. All the active cir- 
cuits during power down are connected 
to the logic 
Vee, including 
the active output buffers. Therefore,.it 
is the user's choice to connect 
only the logic Vee pin 
to the back-up 
power supply, or to connect 
both pins 
to it. It is recommended, 
however, 
to connect 
both 
pins to ~he same 
power 
supply 
in order 
to simplify 
and to shorten 
the power up time. 


To reduce 
power 
dissipation 
during 
PO, 82C08 
will 
support 
the 
extended 
refresh 
cycle 
of 
the 
Intel 
51CXXL 
(e.g. 51C64L). 
In this mode, the refresh pe- 
riod can be extended 
up to 64 milliseconds 
versus 
4 
milliseconds 
in 
non-extended 
cycles. 
This 
is 
achieved 
by slowing 
down the PDCLK frequency. 


The user should 
take 
into consideration 
that when 
supporting 
extended 
refresh during PO, the dynamic 
RAM must be refreshed 
completely 
within 4 millisec- 
onds, 
without 
active 
cycles, 
both before 
going 
into 
and 
after 
coming 
out 
of 
extended 
refresh. 
The 
82C08 
has the option 
of performing 
burst refresh 
of 
all the memory whenever 
the user cannot guarantee 
the 4 milliseconds 
idle interval. 
This is achieved 
by 
performing 
3 consecutive 
burst refresh 
cycles, 
acti- 
vated 
internally 
by the 82C08. 


The option of refreshing 
all the memory is enabled 
in 
failsafe 
mode configuration 
(RFRO 
input high at re- 
set). When 
82C08 
detects 
power 
down, 
(high level 
at POD) it examines 
the RFRO 
input. 
High level at 
the RFRO input will cauSe 3 PO burst refresh cycles 
to be performed. 
The user should 
supply the power 
and the system 
clock 
during the time interval 
of the 
3 PO burst 
cycles, 
.e.g. 4700 
(fast 
cycle) 
or 3100 
(slow cycle) 
clock 
cycles 
after activating 
POD. Low 
level 
at RFRO 
input 
enables 
the 
82C08 
to 
enter 
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Power 
Down Procedure 


The 82C08 will preserve 
the memory 
content 
during 
the entire period of the system 
operation. 
Upon de- 
tection of power down, the 82C08 will save internally 
its 
configuration 
status 
and 
the 
refresh 
address 
counter 
content, 
execute 
3 burst refresh cycles. 
(If it 
is programmed 
to failsafe 
mode and the RFRO input 
level is high), it will switch the internal clock from the 
system 
clock 
(CLK) 
to 
the 
power 
down 
clock 
(PDCLK) 
and will continue 
the refresh 
to the 
next 
address 
location. 
(See Figure 11.) 


When 
power 
is up again 
(POD input 
deactivated), 
the 82C08 will issue internal 
reset which 
will not re- 
program 
the 
device 
and will 
not 
clear 
the 
refresh 
address counter, 
and therefore, 
refresh will continue 
to the next address 
location. 
After the internal 
reset, 
82C08 performs 
3 PO burst refresh 
cycles which re- 
fresh 
the whole 
memory, 
as at entering 
extended 
PD. This is done to give the 82C08 
enough 
time to 
wake 
up. Notice, 
at the time 
interval 
of 4700 
(fast 
cycle) or 3100 (slow cycle) clocks after power recov- 
ering no memory 
access 
will be performed. 


82C08 Outputs on Power Down 


Four of the 82C08 
outputs 
are not activated 
during 
power down, AACK, CASO-1 
and WE. All these out- 
puts will be forced 
to a non-active 
state, AACK and 
CASO-1 
will be forced 
high and WE will be forced 
low (External 
NAND 
buffer 
is used to drive the WE 
DRAM 
inputs, 
hence 
a high level on the DRAM 
in- 
puts). The other 82C08 outputs, 
AOO-9 
and RA~O- 
1, will switch 
to perform 
the 
memory 
refresh 
In a 
"RAS-ONL Y REFRESH 
CYCLE." 
The RAS outputs 
internal 
pull-ups assure high levels on these outputs, 
as close 
as possible 
to Vee, for low DRAM 
power. 


The 
size of the 
output 
buffers, 
in power 
down, 
is 
smaller 
than 
the 
normal 
size, 
and 
therefore, 
the 
speed 
of these 
buffers 
is slower. 
It is done 
i~ order 
to reduce the speed of charging 
and discharging 
the 
outputs 
and 
hence 
reduce 
spikes 
on 
the 
power 
lines. It is required 
especially 
in power 
down, 
since 
there 
is only 
one 
power 
supply 
pin 
active 
which 
drives the output buffers as well as the internal 
logic. 


All the device 
inputs, beside 
POD, PDCLK, and RE- 
SET will be ignored 
during power down. 


During 
power 
down 
burst 
refresh 
the 
82C08 
per- 
forms up to 256 refreshes. 
Whereas 
during standard 
burst refresh the 82C08 performs 
up to 128 refresh- 
es. The power down burst refresh feature 
allows the 
82C08 
to 
support 
extended 
refreshes 
of 
some 
DRAMs, 
configured 
as 512 rows. 


inter 
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As previously 
mentioned, 
the PDD input will be sup- 
plied by the system to inform the 82C08 of a power 
failure. It can be asynchronous 
since the 82C08 syn- 
chronizes 
it internally. 
The 
PDD input will be sam- 
pled 
by the 
82C08 
before 
the 
beginning 
of every 
memory 
cycle 
but only after the termination 
of pro- 
gramming 
and initialization 
period. 
The user should 
guarantee 
Vcc 
and ClK 
stable during the program- 
ming and initialization 
period 
(300 clocks 
after 
RE- 
SET). 
If the whole 
memory 
refresh 
is required 
(for 
extended 
refresh) 
then 
Vcc 
and 
system 
clock 
should 
be available 
4700 (fast cycle) or 3100 (slow 
cycle) clocks 
after activating 
PDD. If it isn't required 
then 
82C08 
should 
wait for present 
memory 
cycle 
completion 
and synchronization 
time which will take 
about 25 system 
clock cycles. 


With 
PDD going 
inactive, 
the 82C08 
synchronizes 
the clock 
back to the ClK 
clock, 
issuing internal 
re- 
set and will perform 
3 PD burst refresh 
cycles. 


NOTE: 
The power 
supplies 
and the ClK 
should 
go up be- 
fore 
the PDD is deactivated. 
All CPU requests 
will 
be ignored 
when PDD is active. 


Refresh during Power Down 


The 82C08 
has two clock 
pins, ClK 
is the system 
clock 
and PDClK 
is the power 
down clock. 
PDClK 
should 
be an independent 
clock 
which 
has its own 
crystal 
oscillator. 
When 
entering 
power 
down, 
the 
82C08 
will disable 
the system 
clock 
internally 
and 
will run with the 
PDClK. 
The system 
clock 
will be 
enabled 
and the PDClK 
will be disabled 
when pow- 
er is up. The ClK 
and PDClK 
will be switched 
inter- 
nally for the refresh 
circuits. 


Figure 8 


During power 
down, 'RAS-ONl 
Y REFRESH' 
will be 
performed 
by the 82C08. The time interval 
between 
refreshes 
is 5 PDClKs 
and this is fixed for all appli- 
cations. 
However, 
the 
82C08 
can 
support 
the 
ex- 
tended 
refresh 
(up to 64 ms) by slowing 
down 
the 
PDClK 
frequency. 


During 
the power 
down 
refresh 
cycle, 
RAS will be 
activated 
for one PDClK 
cycle only. In extended 
re- 
fresh, 
the 
PDClK 
frequency 
will be below 
50 kHz 
and this will cause a long duration 
of the RAS signal 
which 
will increase 
the DRAM's 
current 
rapidly. 
To 
minimize 
the RAS low pulse, the two RC networks 
shown 
in Figure 
9 are designed 
to insert 
one very 
fast (1 p.s) cycle whenever 
RAS is low (see Figure 
8). The time 
constant 
of RC1 and 
RC2 should 
be 
centered 
around 
300 ns and 100 ns respectively. 


PDCLK 
(GND) 


RAS. 


I 
vcc~ 
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Power Down Synchronization 


The 82C08 main clock (MClK) is generated internal- 
ly, from the system clock (ClK) and the power down 
clock (PDClK) (see Figure 10), and is driving the 
circuits that are active at all times, Le.: circuits that 
are active both in power down mode and in normal 
operation. The system clock (ClK) is driving the cir- 
cuits that are active in normal operation only, and 
the PDClK is driving the circuits that are active in 
power down only. The operation of the three clocks 
is as follows: 


When entering power down mode, and the whole 
memory refresh is required, the ClK minimum active 


time after POD is activated is 4700 (fast cycle) or 
3100 (slow cycle) clocks. 


When it isn't required, PDClK should be active, and 
ClK should remain active for at least 20 clock cy- 
cles + synchronization time. The synchronization 
time is the ratio of PDClK and ClK + 1. Therefore, 
the ClK minimum active time after PO is activated: 


When the power is up again, PDClK should remain 
active at least 4 clock cycles after PO is going inac- 
tive, to assure completion of refresh cycle and inter- 
nal synchronization time. 


" 
---------', 


elK n n n n r----------, n n n r 
J 
LJ 
LJ LJ 
LJ 
LJ 
LJ 
LJ 
LJ 
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The differences 
between 
the HMOS 
8208 
and the 
CHMOS 
82C08 
represent 
forward 
compatible 
en- 
hancements. 
The 
82C08 
can 
be plugged 
into 
an 
8208 socket 
without 
changes. 


LOGICAL 
DIFFERENCES 
1. 82C08 
has one new feature: 


Power Down (PD) 


2. 82C08 
supports 
CMOS 
DRAMs 
with TRAG 100, 
150 


3. Address 
Mapping: 


Outputs 
9 Most 
9 Least 
Significant 
Bits 
Significant 
Bits 


8208 
column address 
row address 
82C08 
row address 
column address 


4. Slow cycle shortening: 


1). The write 
cycle 
is two clocks 
shorter 
so con- 
secutive 
writes 
will be executed 
without 
wait 
states. 


2) The WE output 
is two 
clocks 
shorter. 
There- 
fore, an ex1ernal latch on the WE output 
is not 
necessary. 


3) CAS output is shorter 
by one clock on the read 
cycle. This reduces 
one fevel of buffers for ad- 
dress/data 
bus needed 
in 8208 designs. 
Read 
access 
margins 
are improved 
to support 
non- 
Intel spec. RAMs. 


4) The 
address 
outputs 
switch 
from 
row to col- 
umn 
address 
one 
clock 
cycle 
later 
in 
the 
82C08 as compared 
to 8208. 


5. Fast cycle shortening: 


1) The write cycle in CO configuration 
is shortened 
by one clock. 


2) For both CO and C1 synchronous 
configuration, 
the CAS signal is shorter 
by one clock and the 
activation 
of RAS is tied to the 4>2 cycle of the 
80286. 
This 
prevents 
contention 
on the 
data 
bus. 


6. Supports 
Static Column 
or Ripplemode 
DRAMs. 


ELECTRICAL 
DIFFERENCES 
1. AC parameters: 


1) CAS delay: 
In C2 synchronous 
read cycle, the 
CAS is deactivated 
by some 
delay from clock 
falling 
edge (TCLCSH 
timing) 
as in the follow- 
ing diagram: 


In C2 write 
cycles 
the CAS 
activation 
is trig- 
gered by the clock 
falling edge with a delay of 
35 ns from 
the 
clock. 
For 8208 
the 
delay 
is 
TP/1.8 
+ 53. 


RAS 
~---- 
••••••ll 
I 


\__ 
TCl_CSHpr- 


I 
I 


2) 82C08 
has 
an 
additional 
timing 
parameter 
TARH column 
address 
to RAS i hold time. 


2. DC parameters: 
The difference 
is in the current 
consumption. 
8208 
300 mA 
82C08 
30 mA (typical) 
[10 + 2f] mA (max) 
1 mA(max) 
2mA 
(max) 


The 82C08 operates 
in three basic configurations- 
CO, C1, C2-depending 
upon 
the 
programming 
of 
CFS 
(PDO), RFS 
(PD2), 
and 
FFS 
(PD?). 
Table 
8 
shows 
these 
configurations. 
These 
modes 
deter- 
mine the clock edges for the 82C08's 
programmable 
signals, as shown in Table 9. Finally, Table 
10 gives 
the programmable 
AC parameters 
of the 82C08 as a 
function 
of 
configuration. 
The 
non-programmable 
parameters 
are listed under AC Characteristics. 


The notation 
used to indicate 
which clock edge trig- 
gers an output 
transition 
is "n i" or "n -!- ", where 
"n" 
is the number of clock periods that have passed 
since clock 
0, the reference 
clock, 
and " i" refers 
to rising edge and" 
-!- " to falling edge. A clock peri- 
od is defined 
as the interval from a clock falling edge 
to the following 
falling 
edge. 
Clock 
edges 
are de- 
fined as shown 
below. 


nl 
{n+l)1 
{n+l)1 
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The clock 
edges 
which 
trigger 
transitions 
on each 
82C08 output are tabulated 
in Table 9. "H" 
refers to 
the high-going 
transition, 
and "L" 
to low-going 
tran- 
sition. 


• 


inter 


Clock 0 is defined as the clock in which the 82C08 
begins a memory cycle, either as a result of a port 
request which has just arrived, or of a port request 
which was stored previously 
but could not be servo 


iced at the time of its arrival because the 82C08 was 
performing another memory cycle. Clock 0 is identi- 
fied externally by the leading edge of RAS, which is 
always triggered on 0 .!. 


Timing Conf. 
CFS(PDO} 
RFS(PD2} 
FFS(PD7} 
Wait States' 


Co 
iAPX286(1) 
FAST RAM(1) 
20 MHz(1) 
0 


Co 
iAPX286(1) 
FAST RAM(1) 
16 MHz(1) 
0 


C1 
iAPX286(1) 
SLOW RAM(O) 
16 MHz(1) 
1 


Co 
iAPX286(1) 
FAST RAM(1) 
10 MHz (0) 
0 


Co 
iAPX286(1) 
SLOWRAM(O) 
10 MHz (0) 
0 


C2 
iAPX186(0) 
DON'T CARE 
DON'T CARE 
0 


RAS 
ADDRESS 
CAS 
WE 
EAACK 


Cn 
Cycle 
L 
H 
Col 
Row' 
L 
H 
H 
L 
L 
H 


0 
RD,RF 
o.! 
3.! 
o.! 
3.! 
1 .! 
3.! 
1 .! 
4.! 


WR 
o.! 
4.! 
o.! 
3.! 
2.! 
4.! 
1 .! 
4.! 
1 .! 
4.! 


1 
RD,RF 
o.! 
4.! 
o.! 
4.! 
1 .! 
5.! 
2.! 
5.! 


WR 
o.! 
5.! 
o.! 
4.! 
2.! 
5.! 
1 .! 
5.! 
2.! 
5.! 


2 
RD,RF 
o.! 
2.! 
o.! 
3.! 
o.! 
2.! 
o.! 
2.! 


WR 
o.! 
2.! 
o.! 
3.! 
1 .! 
3.! 
o.! 
2.! 
o.! 
2.! 


RAS 
ADDRESS 
CAS 
WE 
LAACK 
XAACK 


Cn 
Cycle 
L 
H 
Col 
Row' 
L 
H 
H 
L 
L 
H 
L 
H 


0 
RD,RF 
o.! 
3.! 
o.! 
3.! 
1 .! 
4.! 
2.! 
5.! 
3.! 
RD 


WR 
o.! 
4.! 
o.! 
3.! 
2.! 
4.! 
1.! 
4.! 
1 .! 
4.! 
3.! 
WR 


1 
RD,RF 
o.! 
4.! 
o.! 
4.! 
1 .! 
6.! 
2.! 
5.! 
4.! 
RD 


WR 
o.! 
5.! 
o.! 
4.! 
2.! 
5.! 
1 .! 
5.! 
1 .! 
4.! 
3.! 
WR 


2 
RD,RF 
o.! 
2.! 
o.! 
3.! 
o.! 
3.! 
1 .! 
3.! 
2.! 
RD 


WR 
o.! 
2.! 
o.! 
3.! 
1 .! 
3.! 
o.! 
2.! 
1j 
3j 
2.! 
WR 


The only difference 
between 
the two tables 
is the trailing 
edge of CAS for all read cycle 
configurations. 
In asynchro- 
nous 
mode, CAS trailing 
edge 
is one clock 
later than 
in synchronous 
mode. 


NOTES 
FOR INTERPRETING 
THE TIMING 
CHART: 
1. COLUMN 
ADDRESS 
is the time column 
address 
becomes 
valid. 
2. The CAS, EAACK, 
LAACK 
and XACK outputs 
are not issued 
during 
refresh. 
3. XACK-high 
is reset asynchronously 
by command 
going inactive 
and not by a clock 
edge. 
4. EAACK 
is used in synchronous 
mode, 
LAACK 
and XACK in asynchronous 
mode. 
5. ADDRESS-Row 
is the clock 
edge where 
the 82C08 
AO switches 
from current 
column 
address 
to 
the next row address. 
6. If a cycle 
is inhibited 
by PCTL 
= 1 (Multibus 
IfF 
mode) 
then 
CAS is not activated 
during 
write 
cycle 
and XACK is not activated 
in either 
read or write cycles. 
'Column 
addresses 
switch 
to row addresses 
for 
next 
memory 
cycle. 
The 
row address 
buffer 
is 
transparent 
follOWing this clock 
edge. 
'TRAH' 
specification 
is guaranteed 
as per data sheet. 


82C08-DRAM 
Interface 
Parameter 
Equations 


Several 
DRAM parameters, 
but not all, are a direct 


function 
of 
82C08 
timings, 
and 
the 
equations 
for 
these 
parameters 
are given in the following 
tables. 


The following 
is a list of those 
DRAM 
parameters 
which 
have NOT been included 
in the following 
ta- 
bles, with an explanation 
for their exclusion. 


READ, 
WRITE 
REFRESH 
CYCLES 
tRAC: response 
parameter. 


tCAC: response 
parameter. 


tREF: See "Refresh 
Period Options". 


tCRP: must be met only if CAS-only 
cycles, 


which do not occur with 82C08, exist. 


tRAH: See "A.C. Characteristics" 
tRCD: See "A.C. Characteristics" 
lASC: See "A.C. Characteristics" 
lASR: See "A.C. Characteristics" 
tOFF: response 
parameter. 
WRITE 
CYCLE 
tDS: 
system-dependent 
parameter. 


tDH: 
system-dependent 
parameter. 


tDHR: 
system-dependent 
parameter. 


Table 
10. Programmable 
Timings 


Parameter 
C2·Slow 
Cycle 
CO-Fast Cycle 
C1·Fast 
Cycle 
Notes 


tRP 
2TCLCL-T27 
3TCLCL-T27 
3TCLCL-T27 
1 


tCPN 
1.5TCLCL-T34 
3TCLCL-T34 
2TCLCL-T34 
1,5 


tCPN 
2.5TCLCL-T34 
4TCLCL-T34 
3TCLCL-T34 
1,4 


tRSH 
2TCLCL-T32 
2TCLCL-T32 
3TCLCL-T32 
1 


tCSH 
3TCLCL-T25 
4TCLCL-T25 
6TCLCL-T25 
1,5 


tCSH 
2TCLCL +T34(min)-T25 
3TCLCL-T25 
5TCLCL-T25 
1,4 


tCAH 
3TCLCL-T32 
2TCLCL-T32 
3TCLCL-T32 
1 


tAR 
3TCLCL-T25 
3TCLCL-T25 
4TCLCL-T25 
1 


IT 
3/30 
3/30 
3/30 
2 


tRC 
4TCLCL 
6TCLCL 
7TCLCL 
1 


tRAS 
2TCLCL-T25 
3TCLCL-T25 
4TCLCL-T25 
1 


tCAS 
3TCLCL-T32 
3TCLCL-T32 
5TCLCL-T32 
1,5 


tCAS 
2TCLCL +T34(min)- T32 
2TCLCL-T25 
4TCLCL-T32 
1,4 


tRCS 
TCLCL + T32(min)-T35 
+ TBUF 
TCLCL-T35 
+ TBUF 
2TCLCL-T35 
+ TBUF 
1 


tRCH 
TCLCL + T36(min)-T34 
+ TBUF 
TCLCL-T34 
+ TBUF 
2TCLCL-T34 
+ TBUF 
1 


Parameter 
C2-Slow 
Cvcle 
CD-Fast 
Cvcle 
C1-Fast 
Cvcle 
Notes 
tRP 
2TCLCL-T27 
3TCLCL-T27 
3TCLCL-T27 
1 
tCPN 
2TCLCL-T34 
4TCLCL-T34 
4TCLCL-T34 
1 
tRSH 
TCLCL-T32 
2TCLCL-T32 
3TCLCL-T32 
1 
tCSH 
3TCLCL-T25 
4TCLCL-T25 
5TCLCL-T25 
1 
tCAH 
2TCLCL-T32 
TCLCL-T32 
2TCLCL-T32 
1 
tAR 
3TCLCL-T25 
3TCLCL-T25 
4TCLCL-T25 
1 
IT 
3/30 
3/30 
3/30 
2 
tRC 
4TCLCL 
7TCLCL 
I\TCLCL 
1 
tRAS 
2TCLCL-T25 
4TCLCL-T25 
5TCLCL-T25 
1 
tCAS 
2TCLCL-T32 
+ TBUF 
2TCLCL-T32 
3TCLCL-T32 
1 
tWCH 
TCLCL-T32 
+ TBUF 
2TCLCL-T32 
+ TBUF 
3TCLCL-T32 
+ TBUF 
1,3 
tWCR 
2TCLCL-T25 
+ TBUF 
4TCLCL-T25 
+ TBUF 
5TCLCL-T25 
+ TBUF 
1,3 
tWP 
2TCLCL-T36-TBUF 
3TCLCL-T36-TBUF 
4TCLCL-T36-TBUF 
1 
tRWL 
2TCLCL-T36-TBUF 
3TCLCL-T36-TBUF 
4TCLCL-T36-TBUF 
1 
tCWL 
3TCLCL-T36-TBUF 
3TCLCL-T36-TBUF 
4TCLCL-T36-TBUF 
1 
tWCS 
TCLCL +T36- T31- TBUF 
TCLCL - T36-TBUF 
TCLCL - T36-TBUF 
1 


NOTES: 
1. Minimum. 
2. Value 
on right is maximum; 
value on left is minimum. 
3. Applies 
to the eight warm-up 
cycles 
during initialization. 


4. For synchronous 
mode only. 


5. For asynchronous 
mode only. 


• 


Ambient 
Temperature 
Under Bias 


Storage Temperature 


Voltage 
On Any Pin With 
Respect 
to Ground 


Power Dissipation 


- O'C to + 70'C 


- 65'C to + 150'C 


-0.5Vto 
+7V 


0.5W 


NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 
These are stress ratings only. Operation 
beyond 
the 
"Operating 
Conditions" 
is not recommended 
and ex- 
tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


Symbol 
Parameter 
Min 
Max 
Units 
Comments 


VIL 
Input Low Voltage 
-0.5 
+0.8 
V 


VIH 
Input High Voltage 
2.0 
Vcc 
+ 0.5 
V 


VOL 
Output Low Voltage 
0.45 
V 
(Note 1) 


VOH 
Output High Voltage 
2.6 
V 
(Note 1) 


Icc 
Supply Current 
10 + 2f 
mA 
(Note 3) 


III 
Input Leakage Current 
±10 
IJ-A 
OV:s; VIN :s;Vcc 


VCL 
Clock Input Low Voltage 
-0.5 
+0.6 
V 


VCH 
Clock Input High Voltage 
3.8 
Vcc 
+ 0.5 
V 


CIN 
Input Capacitance 
20 
pF 
fe = 1 MHz(6) 


VOHPO 
RAS Output High 
Vcc 
- 
0.5 
V 
(Note 2) 
Power Down 


Ipo 
Power Down Supply Current 
- 
5.0 
mA 
(Note 5) 


IS8 
Standby Current 
- 
2.0 
mA 
(Note 4) 


NOTE: 
1.!QL= 
SmA and IOH = -0.32 
mA WE: IOL = 8 mA 
2. RAS Output voltage during power down. 
3. Typical value. Where f is freq. in MHz. 
for CMOS: VIL max = O.SV;VIH min = (Vcc - 
O.SV) 
for TTL: Icc will be higher by 30 mA 


AASO_1 
CAS 
82C08 
0-1 
AOo.a 
Other Outputs 


RRAS ~ 390 
RCAS = 390 
RAO ~ 
220 
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CRAS ~ 
150 pF 
CcAS 
~ 
150pF 
CAO = 200 pF 
CL~50pF 


4. Measured at VIL = OV and VIH = Vcc with no loads 
connected. 
S. IPO = 1 mA at 32 KHz with no loads connected. 
6. Sampled, not 100% tested. TA = 2SoC. 


0_2_:S__ X:: :::x~__ 


A.C. Testing 
inputs 
(except 
clock) 
are driven 
at 2,4V 
for a Logic 
"1" 
and 0,45V for a Logic 
"0" 
(clock' 
is driven 
at4.0V 
and 0,45V 
for 
Logic 
"1" 
and 
"0" 
respectively). 
Timing 
measurements 
are 
made 
at 2,4V for Logic 
"1" 
and O.BV for Logic 
"0". 


, also 
PDCLK 


inter 


Measurements 
made with respect to RASo_1, CASO_1, AOO-8, are at + 2.4V and 0.8V CLK at 3V, 1V. All other 
pins are measured 
at 2.0V and 0.8V. All times are ns unless otherwise 
indicated. 
Testing 
done with specified 
test load. 


Ref 
Symbol 
Parameter 
Min 
Max 
Units 
Notes 


CLOCK AND PROGRAMMING 


tF 
Clock Fall Time 
12 
ns 
3 


tR 
Clock Rise Time 
12 
ns 
3 


1 
TCLCL 
Clock Period 
82C08-20 
50 
250 
ns 
1 
82C08-16 
62.5 
250 
ns 
1 
82C08-10 
100 
500 
ns 
2 
82C08-8 
125 
500 
ns 
2 


2 
TCL 
Clock Low Time 
82C08-20 
12 
230 
ns 
1 


, 
82C08-16 
15 
230 
ns 
1 


I 
82C08-10 
44 
ns 
2 
82C08-8 
TCLCL/2-12 
ns 
2 


3 
TCH 
Clock High Time 
82C08-20 
16 
230 
ns 
1 
82C08-16 
20 
230 
ns 
1 
82C08-10 
44 
ns 
2 
82C08-8 
TCLClI3+2 
ns 
2 


4 
TRTVCL 
Reset to CLK J- Setup 
40 
ns 
4 


5 
TRTH 
Reset Pulse Width 
4TCLCL 
ns 


6 
TPGVRTL 
PCTL, POI, RFRO 
125 
5 
to RESET J- Setup 
ns 


7 
TRTLPGX 
PCTL, RFRO 
10 
to RESET J- Hold 
ns 


8 
TCLPC 
PCLK from CLK J- Delay 
45 
ns 


9 
TPOICL 
POI to CLK J- Setup 
60 
ns 


10 
TCLPOX 
POI to CLK J- Hold 
40 
ns 
6 


SYNCHRONOUS 
J-l-PPORT INTERFACE 


11 
TPEVCL 
PE to CLK J- Setup 
30 
2 


12 
TKVCL 
RO, WR, PE, PCTL 
20 
1 
to CLK J- Setup 
ns 


13 
TCLKX 
RO, WR, PE, PCTL 
0 
to CLK J- Hold 
ns 


14 
TKVCH 
RO, WR, PCTL 
20 
to CLK i Setup 
ns 
2 


• 


inter 


Ref 
Symbol 
Parameter 
Min 
Max 
Units 
Notes 


ASYNCHRONOUS 
,...PPORT INTERFACE 


15 
TRWVCl 
RD, WRto 
20 
ns 
8.9 
ClK J.,Setup 


16 
TRWl 
RD, WR Pulse 
2TClCl+30 
ns 
Width 


17 
TRWlPEV 
PE from RD; 
WRJ., Delay 


CFS=1 
TClCl-20 
ns 
1 
CFS=O 
TClCl·30 
ns 
2 


18 
TRWlPEX 
PEto RD, 
2TClCl+30 
ns 
WR J., Hold 


19 
TRWlPTV 
PCTl from RD, 
TClCl-30 
ns 
2 
WR J., Delay 


20 
TRWlPTX 
PCTl to RD, 
2TClCl+30 
ns 
2 
WRJ., Hold 


21 
TRWlPTV 
PCTl from RD, 
2TClCl-20 
ns 
1 
WRJ., Delay 


22 
TRWlPTX 
PCTl to RD, 
3TClCl+30 
ns 
1 


WRJ., Hold 


RAM INTERFACE 


23 
TAVCl 
Al, AH, BSto 
35+tASR 
ns 
2 
ClK J., Set-up 


82C08-20 
50+tASR 
ns 
82C08·16 
45+tASR 
ns 


24 
TCLAX 
Al, AH, BSto 
0 
ns 
ClKJ., 
Hold 


25 
TClRSl 
RASJ., from 
25 
ns 
1 
ClKJ., 
Delay 
35 
ns 
2 
60 
ns 
24 


26 
TRCD 
RAS to CAS Delay 
CFS=1 
TClCl·25 
ns 
1,14 
CFS=O 
30 
ns 
23 
CFS=O 
TClCl/2-30 
ns 
2,11,14 
CFS=O 
60 
ns 
2,12,14 


27 
TClRSH 
RASj 
from 
25 
ns 
ClKJ., 
Delay 
60 
ns 
24 


inter 


Ref 
Symbol 
Parameter 
Min 
Max 
Units 
Notes 


RAM INTERFACE 
(Continued) 


28 
TRAH 
CFS = 1 
18 
1, 13, 15 
CFS=O 
TClCL/4-10 
ns 
2,11,15 
CFS=O 
18 
ns 
23 


29 
TASR 
RowAO 
10, 16 
RAS J. Setup 


30 
TASC 
Column AO to 
CAS J. Setup 
CFS= 1 
2 
ns 
1,13,17,18 
CFS=O 
5 
ns 
2,13,17,18 
CFS=O 
5 
ns 
23 


31 
TCAH 
Column AO to 
(See DRAM Interface Tables) 
CAS Hold 


32 
TClCSl 
CAS J. from 
ClK J. Delay 
CFS=O 
TClCL/4+30 
TClCL/1.8 
+ 56 
ns 
2,26 
CFS=O 
50 
105 
ns 
23,26 
CFS=O 
8 
35 
ns 
2,23,27 
CFS=1 
35 
ns 
1 


34 
TClCSH 
CASj 
from 
50 
ns 
ClK J. Delay 
TClCl/4 
TClCl 
ns 
22 
--+50 
3.2 


35 
TClWl 
WE J. from 
35 
ns 
ClK J. Delay 


36 
TClWH 
WEj 
from 
ClK J. Delay 
CFS=O 
TClCl/4+30 
TClCL/1.8 
+ 53 
2 
CFS=1 
35 
ns 
1 
CFS=O 
50 
100 
ns 
23 


37 
TClTKl 
XACK J. from 
35 
ns 
ClK J. Delay 


38 
TRWlTKH 
XACK j 
from RD j 
, 
50 
ns 
WR j 
Delay 


39 
TCLAKl 
AACK J. from 
35 
ns 
ClK J. Delay 


40 
TCLAKH 
AACKj 
from 
50 
ns 
ClK J. Delay 


49 
TARH 
Column Address to 
2 
1 
RAS j 
Hold Time 


Ref 
Symbol 
Parameter 
Min 
Max 
Units 
Notes 


REFRESH 
REQUEST 


41 
TRFVCl 
RFRO to ClK J, Setup 
20 
ns 


42 
TClRFX 
RFRO to ClK J, Hold 
10 
ns 


43 
TFRFH 
Failsafe RFRO Pulse 
TClCl 
+ 30 
ns 
19 
Width 


44 
TRFXCl 
Single RFRO Inactive 
20 
ns 
20 
to ClK J, Setup 


45 
TBRFH 
Burst RFRO Pulse 
2TClCl 
+ 30 
ns 
19 
Width 


46 
TPDDVCl 
PDD Setup Time 
20 
ns 
24,25 


47 
TPDHRFX 
RFRO Valid after 
4TClCl 
+ 20 
24 
PDDActive 


48 
TRFVPDH 
RFRO Setup Time 
20 
24 
to PDD Active 


The following 
RC loading 
is assumed: 
AOO-B 
R = 220. 
C = 200 pF 
RASO_1, CASO_1 
R = 390. 
C = 150 pF 
AACK, 
WE/PClK 
C = 50 pF 


NOTES: 
1. Specification 
when 
programmed 
in the Fast Cycle 
processor 
mode (iAPX 286 mode). 
82C08-20, 
-16. 
2. Specification 
when 
programmed 
in the Slow Cycle 
processor 
mode 
(iAPX 186 mode). 
82C08-10, 
82C08-8. 


3. tR and tF are referenced 
from the 3.5V and 1.0V levels. 
4. RESET 
is internally 
synchronized 
to ClK. 
Hence 
a set-up time is required 
only to guarantee 
its recognition 
at a particular 
clock 
edge. 


5. The first programming 
bit (PDO) is also sampled 
by RESET 
going low. 


6. TClPDX 
is guaranteed 
if programming 
data is shifted 
using PClK. 


8. TRWVCl 
is not reqUired 
for an asynchronous 
command 
except 
to guarantee 
its recognition 
at a particular 
clock 
edge. 


9. Valid when 
programmed 
in either 
Fast or Slow Cycle 
mode. 


10. lASR 
is a user specified 
parameter 
and its value 
should 
be added 
accordingly 
to TAVCL. 


11. When 
programmed 
in Slow Cycle 
mode and 125 ns ~ TClCl 
< 200 ns. 


12. When 
programmed 
in Slow Cycle 
mode and 200 ns ~ TClCL. 


13. Specification 
for Test 
load 
conditions. 


14. tRCD 
(actual) 
= tRCD 
(specification) 
+0.06 
(ACRAS) 
- 
0.06(ACCAS) 
where 
AC = C (test 
load) 
- 
C (actual) 
in pF. 


(These 
are first order approximations.) 
t 5. tRAH 
(actual) 
= tRAH 
(specification) 
+ 
0.06 (ACRAS) 
- 
0.022 
(ACAO) where 
AC = C (test load) 
- 
C (actual) 
in pF. 
(These 
are first order 
approximations.) 
16. lASR 
(actual) 
= lASR 
(specification) 
+0.06 
(ACAO) - 
0.025 
(ACRAS) where 
AC 
= C (test 
load) 
- 
C (actual) 
in pF. 


(These 
are first order 
approximations.) 
17. tASC 
(actual) 
= tASC 
(specification) 
+ 0.06 (ACAQ) - 
0.025 
(ACCAS) where 
AC (test load) 
- 
C (actual) 
in pF. (These 
are first order approximations.) 
18. lASC 
is a function 
of clock 
frequency 
and thus varies with changes 
in frequency. 
A minimum 
value 
is specified. 


19. TFRFH 
and TBRFH 
pertain 
to asynchronous 
operation 
only. 
20. Single 
RFRO 
should 
be supplied 
synchronously 
to avoid 
burst refresh. 


22. CFS = 0, synchronous 
mode, 
Read cycle. 


23. For 10 MHz Slow Cycle only. 
24. Power 
down 
mode. 


25. POD is internally 
synchronized. 
A setup time is required 
only to guarantee 
its recognition 
at a particular 
clock 
edge. 


26. Slow Cycle 
Read only. 


27. Slow Cycle Write only. 


inter 


POI 


WE/PCLK =-...J 


________ 
..,1 
'-- 


NOTE: 
The present 
example 
assumes 
a RAS four clocks 
long. 


I r.J 
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COMMAND 
MODEl 
FAST 
CYCLE 
An, 
WA", IS£" 


COMMAND 
MODEl 
FAST 
CYCLE 
PCTL 
(INHIBIT) 


COMMAND 
MODEl 
FAST 
CYCLE 
INTERNAL 
INHIBIT 


NOTE: 
Actual 
transitions 
are programmable. 
Refer to Tables 
8 and 9. 


r------------------------ 
I 


ALa- 
ALa 
AHa-AHa 
BSa- BS, 


NOTE: 
Actual 
transitions 
are programmable. 
See Tables 
8 and 9. 
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Most microprocessor based workstation designs today 
use large amounts of DRAM for program storage. A 
drawback to DRAMs is the many critical timings that 
must be met. This control function could easily equal 
the area of the DRAM array if implemented with dis- 
crete logic. 


The VLSI 8207 Advanced Dynamic RAM Controller 
(ADRC) performs complete DRAM timing and con- 
trol. This includes the normal RAM 8 warm-up cycles, 
various refresh cycles and frequencies, address multi- 
plexing, and address strobe timing. The 8207's system 
interface and RAM timing and control are programma- 
ble to permit it to be used in most applications. 


Integrating all of the above functions (plus a dual port 
and error correcting interfaces) allows the user to real- 
ize significant cost savings over discrete logic. For ex- 
ample, comparing the 8207 to the iSBCOl2B 5I2K byte 
RAM board (where the DRAM control is done entirely 
with TTL), an 8207 design saved board space 3 in2 vs 
10 in2); required less power (420 mA vs 1220 mA); and 
generated less heat. Moreover, design time was re- 
duced, and increased margins were achieved due to less 
skewing of critical timings. This comparison is based on 
a single port design and did not include the 8207's 
RAM warm-up, dual-port and error correcting fea- 
tures. If these features were fully implemented, there 
would be no change to the 8207 figures, listed above, 
while the TTL figures would easily double. 


This Application Note will illustrate an iAPX design 
with the 8207 controlling the dynamic RAM array. 


The reader should be familiar with the 82097 data 
sheet, the 80186 data sheet, and a RAM data sheet". 


The main objective of this design is for the 80186 to run 
with no wait states with a Dynamic RAM array. The 
design uses one port of the 8207. The dual port and 
error correcting interfaces of the 8207 are covered in 
separate Application Notes. 


The size of the RAM array is 4 banks of 64K RAMs or 
5I2K bytes. The memory is to be interfaced locally to 
the 80186. 


The three areas to be considered when designing in the 
8207 are: 
• 8207 programming logic 
• Microprocessor interface 


• RAM array 


The 8207 requires up to two 74LS165 shift registers for 
programming. This design needs one 8 bit shift register, 
as shown in Figure I. The 16 bits in the Program Data 
Word are set as shown in Figure 2. Refresh is done 
internally, so the REFRQ input must be tied high. The 
memory commands are iAPX 86 status, so the timing 


I 
_._ ••• 
L- •••••••••••• 
,•••••• 
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I JUMPER 
OPTIONS 
---.•......- 


Figure 1. 8207 Programming 
Shift Registers 


• All RAM 
references 
in this Application 
Note 
are based 
on Intel's 
2164A 
64K 
Dynamic 
RAM. 


• 
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SRDyelK~ 
ID. 


80186 
SO 


ALE 


NOTE: 
The 8207 requires series resistors on all outputs to RAM. 


Figure 3. 80186 to 8207, non·ECC, 
synchronous 
system 
single port 


of EAACK 
will always 
guarantee 
2 clocks 
of address 
hold time from RAS. 
The 
8207 starts 
a memory 
cycle 
on the 
falling 
clock 


edge 
between 
the 
80186's 
Tl 
and TI. Data 
must 
be 


valid 
within 
2 clocks. 
Valid 
data 
from 
the 
RAMs 
is 


based upon the CAS access period 
minus 
butTer, clock, 


setup 
requirements. 
The margin 
between 
the 8207 issuing 
EAACK 
and the 
80186 ready input for no wait states minus delays from 
clock edges, logic delays, and setup time is calculated 
as 
follows. 


1 clock 
- 
8207 TCLAKL 
max 
- 
74S30 tpLH 
@ 15 
pf - 
80186 TSRYCL 
~ 0 


2 TCLCL 
- 
8207 
TCLCSL 
@ 
150 pF 
(t34) 
- 


DRAM 
tCAC 
- 
74S240 propagation 
delay 
@ 50 pF 


- 
additional 
bus 
loading 
delay 
(250 
pF)(I) 
- 


74S240 delay 
@ 50 pF - 
80186 TDVCL 
~ 0 


NOTE: 
(I) 
74STTL 
logic 
derated 
by 
0.05 
ns/pF. 
74STTL 


butTers (240, 37) derated 
by 0.025 ns/pF. 


Data from the processor must be valid when WE is 
issued by the 8207 to meet the RAM specification tDS 
(2IMA = 0 ns), and then held for a minimum of 30 ns. 


The PCfLA 
input must be high when RESET goes 
inactive. 


The differential reset circuit shown in the Data Sheet is 
necessary only to ensure that memory commands are 
not received by the 8207 when Port A is changed from 
synchronous to asynchronous (vice versa for Port B). 
This design keeps Port A synchronous so no differential 
reset circuit is needed. 


To achieve no wait states, the 8207 must connect di- 
rectly to the microprocessor's 
CLKOUT 
and status 
lines. The 8207 Acknowledge (EAACK) must connect 
to the SRDY input of the 80186. 


When the 80186 is reset, it tristates the status lines. The 
8207 PCfLA 
input requires a high to decode the prop- 
er memory commands. This is accomplished by using a 
pull-up resistor or some component that incorporates a 
pull-up on S2. 


The 8207 address inputs are connected directly to the 
latched/demultiplexed 
address bus. 


The 8207 provides complete control of all RAM tim- 
ings, warm up cycles, and refresh cycles. All write cy- 
cles are "late writes." During write cycles, the data out 
lines go active. This requires separate data in/out lines 
in the RAM array. 


To operate the 80186 with no wait states, it is necessary 
to choose sufficiently fast DRAMs. The 150 ns version 
of the 21MA allows operating the 80186 at 8 MHz, and 
the 200 ns version up to 7 MHz. 


Figure 3 shows a block diagram of the design, and Fig- 
ure 4 is a timing diagram showing the relationship be- 
tween the 8207 and the 80186. 


Two events must occur for a command to be recog- • 
nized by the 8207. The 80186 status outputs are sam- 
pled by a rising clock edge and Port Enable (PE) is 
sampled by the next falling edge (refer to the Data 
Sheet wave forms). 


The command timing is determined by the period be- 
tween the status being issued and the first rising clock 
edge of the 8207, minus setup and delays. 


80186 status valid to 8207 rising clock - 
status from 
clock delay - 
8207 setup to clock ~ 0 


1 TCLCL - 
80186 TCHSV max - 
8207 TKVCH 
min ~ 0 


PE is a chip select for a valid address range. It can be 
generated from the address bus or from the 80186's 
programmable memory selects. This design uses an in- 
verted A19. The timing is determined by the interval 
between the address becoming valid and the falling 
clock edge, minus setup and delays. 


80186 address valid to 8207 falling clock edge 
80186 address from clock delay - 
8283 latch delays 
- 
8207 PE setup ~ 0 


I TCLCL - 
80186 TCLAV max - 
8283 IVOV 
@ 
300 pF - 
8207 TPEVCL ~ 0 


inter 


For an 81086 design, the 8207-requires the address to 
be stable before RAS goes active, and to remain stable 
for 2 clocks. Unused 8207 address inputs should be tied 
to Vcc. 


tASR is a RAM specification. If it is greater than zero, 
this must be added to the address setup time of the 807. 
Address setup is the interval between addresses being 
issued and RAS going active, minus appropriate delays. 


80186 address valid to 8207 RAS active - 
80186 
address from clock delay - 
bus delays - 
(8207 set- 
up + RAM tASIU ;:: 0 


TCLCL + 8207 TCLRSL mm @ 150 pfOl - 
80186 
TCLA V max - 
8283 IVOV max @ 300 pf - 
(8207 
TAVCL min + DRAM tASIU ;:: 0 


125 ns + 0 - 
44 - 
22 - 
(35 + 0) = 24 ns 


The address hold time of 2 clocks + 0 ns is always met, 
since the addresses are latched by the 8282/3. Even 
when the processor is in wait states (for refresh), 


NOTE: 
(I) Not specified-use 
0 ns. 


TCLCL 
+ TCLCH 
+ 
8207 TCLW min(l) + 
74S37 delay tPHL min @ 50 pf + additional loading 
(142 pt) - 
81086 TCVCTV - 
74S24OtPZL - 
bus 
delays (250 pt) - 
74S240 delay - 
2164A tDS ;:: 0 


125 + 62.5 + 0 + 6.5 + 3.5 - 
70 - 
15 - 
7 - 
7 
- 
0 = 98.5 ns. 


The hold time, tDH, is from WE going low to the 
80186 DEN going high plus butTer delays minus WE 
from clock delays. 


TCLCL - 
80186 TCVCTX min + 74S32 tPD(2) 


min + 74S240 tPHZ (min)(2) + 250 pf bus delays 
+ 74S240 propagation delay min - 
8207 TCL W 
max - 
74S37 tPHL 
@ 50 pf - 
142 pf loading de- 


lays - 
DRAM tDH ;:: 0 


62.5 ns + 10 + 2 + 3 + 7 + 3.5 - 
35 - 
3.5 - 


30 = 19.5 ns 


All margins are actually better by about 10-20 ns. No 
improvement in timing was allowed for lower capaci- 
tive loads when additional butTers are used (i.e. the 
80186 address out delay is at 200 pf, but the 8283 latch 
only loads these lines with about 20 pt). 


The 8207 supports the 80186 microprocessor running 
with no wait states. The 8207 interfaces easily between 
the microprocessor and dynamic RAM. There are no 
difficult timings to be resolved by the designer using 
external logic. 


8 MHz 


ALE 


~ 


ADO-15 


8207 RASO 


8207 RASl 


8207 CAsO 


8207 CAS1 


8207 WE 


8207 EAACK 


80186 (SRDY) 


I 


NOTES: 
1. Command 
Setup 
Margin 
2. PE Setup 
Margin 
3. EAACK 
Setup 
Margin 
4. Data Setup 
Margin 
5. Read Access 
Margin 


NOTE: 
1. Not specified. 
use 0 ns. 


2. Not specified. 
use one half of typical 
value. 
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The 80286 high speed microprocessor pushes micro- 
processor based systems to new performance levels. 
However, its high speed bus requires special design con- 
siderations to utilize that performance. Interfacing the 
80286 to a dynamic RAM array require many timings 
to be analyzed, refresh cycle effects on bus timing ex- 
amined, minimum and maximum signal widths noted, 
and the list continues. 


The 8207 Advanced Dynamic RAM Controller was 
specifically designed to solve all interfacing issues for 
the 80286, provide complete control and timing for the 
DRAM array, plus achieve optimum system perform- 
ance. This includes the normal RAM 8 warmup cycles, 
various refresh cycles and frequencies, address multi- 
plexing, and address strobe timings. The 8207 Dynamic 
RAM Controller's system interface and RAM timing 
and control are programmable to permit it to be used in 
most applications. 


Integrating these functions (plus dual port and error 
correcting interfaces) allows the user to realize signifi- 
cant savings in both engineering design time, PC board 
space and product cost. For example, in comparing the 
8207 to the ISBCOl2B 512k byte RAM board (where 
the DRAM timing and control is done entirely with 
TTL), the 8207 design saved board space (3 in2 vs 10 
in2); used less power (420 mA vs 1220 mA); reduced 
the design time; and increased margins due to less 
skewing of timings. The comparison is based upon a 
single port 8207 design and does not include its RAM 
warm-up, dual port, error correcting, and error scrub- 
bing or RAM interleaving features. 


This Application Note will detail an 80286 and 8207 
design. The reader should have read the 8207 and the 
80286 data sheets, a DRAM 
data sheet", and have 
them available for reference. 


The main objective of this design is to run the RAM 
array without wait states, to maximize the 80286's per- 
formance, and to use as little board space as possible. 
The 80286 will interface synchronously to Port A of the 
8207 and the 8207 will control 512k bytes of RAM (4 
banks using 64k DRAMs). The dual port and error 
correcting features of the 8207 are covered in separate 
Application Notes. 


The 8207 Memory design can be subdivided into three 
sections: 


• Programming the 8207. 
• The 82086/8207 interface. 
• The Dynamic RAM array. 


The RAM timing is configured via the 16 bit program 
word that the 8207 shifts-in when reset. This can re- 
quire two 74LSI65 shift registers to provide complete 
DRAM configurability. The 8207 defaults to the con- 
figuration shown in Table I when PDI is connected to 
groupd. This design does not need the flexibility the 
shift registers would allow since standard 8207/80286 
clock frequencies, DRAM speeds and refresh rates are 
used. Table I details the 8207/80286 configuration and 
Table 10 in the Data Sheet identifies "CO" as the con- 
figuration of the 8207 all timings will be referenced to 
(80286 mode at 16 MHz using fast RAMs = CO). 


Table 1. Default 
Non-ECC 
Programming, 
PD1 Pin (57) Tied to Ground 


Port A is Synchronous 
(EAACKA 
and XACKA) 


Port B is Asynchronous 
(LAACKB 
and XACKB) 


Fast-cycle 
Processor 
Interface 
(10 or 16 MHz) 


Fast RAM 100/120 
ns RAM 


Refresh Interval uses 236 clocks 


128 Row refresh in 2 ms; 256 Row refresh in 
4ms 


Fast Processor 
Clock Frequency 
(16 MHz) 


"Most 
Recently 
Used" 
Priority Scheme 


4 RAM banks occupied 


The 8207 will accept 80286 status inputs when the 
PCTLA pin is sampled low at reset. This pin is not 
necessary for an 80286 design (besides programming) 
and is tied to ground. 


Refresh is the final option to be programmed. If the 
Refresh pin is sampled high at reset, an internal timer 


inter 


is enabled, 
and if low at reset, this timer 
is disabled. 
The first method 
is the easiest to implement, 
so the 
RFRQ 
pin is tied to Vcc. 


The differential 
reset circuit shown in the Data Sheet is 
necessary 
only to ensure 
that 
memory 
commands 
are 
not received by the 8207 when Port A is changed from 
synchronous 
to asynchronous 
(vice versa for Port 
B). 


This design keeps Port A synchronous 
so no differential 
reset circuit is needed. 
• 


The 8207 completely 
controls 
all RAM timings, warm- 
up cycles, and refresh cycles. To determine 
if a particu- 
lar RAM 
will work with the 8207, calculate 
the mar- 
gins provided 
by the 8207 (Table 
IS, 16-8207 
Data 
Sheet) and ensure 
they are greater 
than the RAM 
re- 
quirement. 
An additional 
consideration 
is the access 
times of the RAMs. 
The access time of the system is 
dependent 
upon the number of data buffers between the 
80286 and the DRAMs. 
To operate 
the 80286 at zero 
wait states requires access times of 100-120 
ns. Slower 
RAMs 
can be used (150 ns) by either 
adding 
a wait 


state (programming 
the 8207 for "Cl") 
or reducing the 


clock frequency (to 14.9 MHz approximately 
and main- 
taining 
the CO configuration). 


All write cycles are "late writes" and the data out lines 
of the RAM 
will go active. This will require 
separate 
data in and out lines in the RAM 
array. Another 
con- 
sideration 
for the RAM 
array 
is the proper 
layout 
of 
the RAM, 
and impedance 
matching 
resistors 
on the 
8207 outputs. 
Proper 
layout is covered in Intel's 
RAM 
Data Sheets and Application 
Notes. 


To achieve 
no wait state operation, 
the 8207's clock 
input 
must 
be connected 
to the 80286's 
clock input. 


The EAACK 
(early acknowledge) 
output 
of the 8207 
must 
connect 
to the SRDY 
input 
of the 82284. The 
8207's address inputs connect directly to the 80286 ad- 
dress outputs 
and the addresses 
are latched 
internally. 


This latch is strobed by an internal signal with the same 
timing as LEN (which is for dual port 82086 designs). 
Figure 
2 shows the timing 
relationship 
between 
LEN 
and the 80286. 


LEN will fall from high to low, which latches the bus 
address 
internally, 
when a valid command 
is received. 
LEN can go high in two clock cycles if the RAM cycle 
started 
(RAS going low) at the same time LEN 
went 
low. If the 8207 is doing a refresh cycle, the 80286 will 
be put into wait states until the memory cycle can start. 


LEN 
will then 
go high two clocks after RAS 
starts, 
since addresses 
are no longer 
needed 
for the current 
RAM 
cycle. Thus 
the low period 
of LEN 
could 
be 
much longer than listed in the Data Sheet. 


Figure 
1 shows a detailed block diagram 
of the design 
and Figure 2 shows the timing relationship 
between the 
8207 and the 80286. 


The following 
analysis 
of six parameters 
will confirm 
that the design will work. These six system parameters 
are generally considered 
the most important 
in any mi- 
croprocessor-Dynamic 
RAM design. 


8207 Command Setup Margin 
• 


Two events must occur for the 8207 to start a memory 
cycle. Either 
RD or WR active (low) and PE must be 
low when the 8207 samples these pins on a falling clock 
edge. If PE is not valid at the same clock edge that 
samples 
RD or WR active, the memory 
cycle will be 
aborted 
and no acknowledge 
will be issued. 


The command 
setup time is based upon the status being 
valid at the first falling clock edge. 


80286 status valid to 8207 falling clock - 80286 status 
from clock delay - 8207 command setup to clock S; 0 


PE is decoded from the address bus and must be set up 
to the same falling clock edge that recognizes 
the RD, 


WR inputs. This margin 
is determined 
from the clock 
edge that issues the address and the clock edge that will 
recognize 
RD or WR, minus decoding 
logic delays. 


There 
are 2 clocks between 
addresses 
being issued by 
the 80286 and PE being sampled by the 8207. Then the 
80286 address delay from the clock edge and decoding 
logic delays are subtracted 
from this interval. This mar- 
gin must be greater 
than O. 


The address decode logic must use no more than 35 ns 
(and less is better). Figure 3 shows an easy implementa- 
tion which uses a maximum 
of 12 ns. 


The 8207 requires 
a zero ns hold time and is always 


met. 


82284 


READY 
SRDY 
elK 


REAi5Y Cl~ 
MilO 
SI 


SO 
80286 


ADDR 


DATA 


NOTE: 
The 8207 
requires 
series 
resistors 
on all outputs. 


ClK 
MCK 


ADDR, 
RFRO STROBES 
PCTl 
POI 
RD 
8207 WE 


WR 
PSEN 
ADDR IN lEN 


inter 


A23 


A22 
8207 
~ 


A21 


74530 


A20 


A19 


• 


inter 


Ts 
Tc 
Ts or T1 


The 8207 must have stable addresses 
up to two clocks 
after RAS goes active. This is of no concern to the user, 
since LEN 
latches 
the address 
internally 
and will not 
admit 
a new address 
until two clocks after RAS goes 
active. 


Addresses 
must be stable at least 35 ns (tA VCL) before 
RAS 
goes 
active 
to 
allow 
for 
propagation 
delays 
through 
the 8207, if a RAM cycle is not delayed by the 
8207. 


tASR is a RAM specification. 
If it is greater than zero, 
tASR 
must be added to the address 
setup time of the 
8207. Address 
setup is the interval 
between 
addresses 
being issued, by the 80286, and RAS going active, mi- 
nus appropriate 
delays. 


The margin 
is determined 
from the number 
of clocks 
between addresses being issued from the 80286 to RAS 
going active. Exactly 
when RAS goes active is unim- 
portant, 
since here we are only interested 
in the clock 
edge. 


The 8207 acknowledge 
(EAACK) 
can be issued at any 
point in the 80286 bus cycle (end of </>1 or </>2of Ts or 
Tc). If EAACK 
is issued at the end of </>2(Ts or Tc), 
the 
80286 
will 
complete 
the 
current 
bus 
cycle. 
If 


EAACK 
is issued at the end of </>I ofTc, 
the 82284 will 
not generate 
READY 
to the 80286 in time to end the 
current 
bus cycle. A new Tc would then be generated 
and EAACK 
would now be sampled 
in time to termi- 
nate the bus cycle. EAACK 
is 3 clocks long in order to 
meet setup and hold times for either condition. 


We need the margin between the 8207 issuing EAACK 
and the 82284 needing it. Figure 4 shows a worst case 
example. 


The 8207 will typically start a memory 
cycle (i.e. RAS 
goes low) at the end of </>1of Ts. But if the start of a 
memory 
cycle is delayed 
(by a refresh 
cycle for in- 
stance), then RAS will be delayed. In the first case, this 
represents 
3 clocks and the second case could require 4 
clocks 
to 
meet 
the 
data 
setup 
requirements 
of the 
80286. In either case, data must be valid at the end of 
Tc. The 8207 holds CAS active long enough to ensure 
valid data is received by the 80286 in either case. 


DRAMs 
specify two access times, RAS access (tRAC) 
and CAS access (tCAC) 
Both access periods 
must be 
calculated 
and the one with the least margin used. Also 
the number 
of data buffers should 
be kept to a mini- 
mum. 
Too 
many 
buffers 
would 
require 
either 
faster 
(more expensive) 
DRAMs, 
or a reduction 
in the per- 
formance 
of the CPU (by adding wait states). 


inter 


RAS Access 
Margin 


3TCLCL - 
8207 TCLR5L max @ 150 pF - 
DRAM tRAC 


- 
745240 propagation 
delay max 
@ 50 pF - 
80286 t8 " 


o 


CAS Access 
Margin 


2TCLCL - 
820-7 TCLC5L max @ 150 pF - 
DRAM tCM 
(or tCAC - 
745240 tplh max 
@ 50 pF - 
80286 t8) " 0 


By solving 
each 
equation 
for 
tRAC 
and 
tCAC, 
the 
speed requirement 
of the RAM 
can be determined. 


DRAM tRAC = 3 TCLCL - 
8207 TCLR5L - 
745240 tplh 


- 
82086 t8 = 135.5 ns 


DRAM tCAC = 2 TCLCL - 
8207 TCLC8L - 
748240 tplh 


- 
80286 t8 = 73 ns 


NOTES: 
I. Not specified. 
Assume 
no delay for worst case anal- 
ysis. 
2. STIL 
derated 
by 0.05 ns/pF. 


So any DRAM 
that has a RAS access period 
less than 
135 ns, a CAS access period 
less than 
73 ns, and meets 
all requirements 
in the DRAM 
Interface 
Timing 
(Table 
IS, 16-8207 
Data 
Sheet), 
will work. 


Write 
data from the processor 
must be valid when the 
8207 issues WE to meet the DRAM 
specification 
tDS 
and 
then 
held 
to meet 
the 
tDR 
requirement. 
Some 
write cycles will be byte write§ and the information 
to 
determine 
which 
byte is decoded 
from AO and BREI. 
Since the 
80286's 
address 
bus is pipelined, 
these 
two 
signals can change 
before 
the RAM 
cycle starts: 
hence 
they must be latched 
by LEN. 
PSEN 
is used in the WE 
term to shorten 
the WE pulse. Its use is not essential. 


Data 
must 
be set up to the falling 
edge of WE, 
since 
WE occurs after CAS. The 2 clocks between 
valid write 
data and WE going active (at the RAM's) 
minus propa- 
gation 
delays determines 
the margin. 


2 TCLCL - 
80286 t14 (max) @ 100 pF - 
748240 tplh + 
• 
8207 TCLW (min)1 + 74810 tphl @ 192 pF2 - 
DRAM 
ID8 = 0 


The timing 
of the 8207's acknowledge 
is such that data 
will be kept 
valid 
by the 
80286, 
for more 
than 
two 
clocks after WE goes active. This easily meets all RAM 
tDR 
specifications. 


The 
8207 complements 
the 
80286's 
performance 
and 
high integration 
with its own performance, 
integration 
and ease of use. No critical 
timings 
or logic design has 
been left to the designer. 
The 80286/8207 
combination 
allows 
users 
to 
realize 
maximum 
performance 
from 
their simpler 
design. 


Support Peripherals 
3 


• 


I•• .L 
I® 
• 
Fixed Point Single and Double 
Precision (16/32 Bit) 


• 
Floating Point Single Precision (32 Bit) 


• 
Binary Data Formats 
• 
Add, Subtract, Multiply and Divide 


• 
Trignometric and Inverse Trigonometric 
Functions 


• 
Square Roots, Logarithms, 
Exponentiation 


• 
Float to Fixed and Fixed to Float 
Conversions 


• 
Stack Oriented Operand Storage 


• 
Compatible with all Intel and most 
other Microprocessor Families 


• 
Direct Memory Access or Programmed 
I/O Data Transfers 


• 
End of Execution Signal 
• 
General Purpose 8-Bit Data Bus 
Interface 


• 
Standard 24 Pin Package 
• 
+ 12V and + 5V Power Supplies 
• 
Advanced N-Channel Silicon Gate 
HMOSTechnology 


The 
Intel@ 8231A 
Arithmetic 
Processing 
Unit (APU) 
is a monolithic 
HMOS 
LSI device 
that 
provides 
high 
performance 
fixed and floating 
point arithmetic 
and floating 
point trigonometric 
operations. 
It may be used to 
enhance 
the mathematical 
capability 
of a wide variety of processor-oriented 
systems. 
Chebyshev 
polynomials 
are used in the implementation 
of the APU algorithms. 


All transfers, 
including 
operand, 
result, status and command 
information, 
take place over an 8-bit bidirectional 
data bus. Operands 
are pushed onto an internal 
stack and commands 
are issued to perform 
operations 
on the 
data and the stack. 
Results 
are then available 
to be retrieved 
from the stack. 


Transfers 
to and from the APU may be handled 
by the associated 
processor 
using conventional 
programmed 
I/O, or may be handled 
by a direct memory 
access 
controller 
for improved 
performance. 
Upon completion 
of 
each command, 
the APU issues an end of execution 
signal that may be used as an interrupt 
by the CPU to 
help coordinate 
program 
execution. 


SVACK 


SVREQ 


DONOTlIU: I 


""'LOW) I 


231305-2 


Figure 
2. Pin Configuration 


inter 


Symbol 
Pin 
Type 
Name and Function 
No. 


VCC 
2 
POWER: + 5V power supply. 


Voo 
16 
POWER: + 12V power supply. 


Vss 
1 
GROUND. 


ClK 
23 
I 
CLOCK: An external, TTl 
compatible, 
timing source is applied to the 
ClK 
pin. 


RESET 
22 
I 
RESET: The active high reset signal provides 
initialization 
for the chip. 


RESET also terminates 
any operation 
in progress. 
RESET clears the 
status register and places the 8231 A into the idle state. Stack contents 
and command 
registers 
are not affected 
(5 clock cycles). 


CS 
18 
I 
CHIP SELECT: CS is an active low input signal which selects the 8231A 
and enables 
communication 
with the data bus. 


Ao 
21 
I 
ADDRESS: 
In conjunction 
with the RD and WR signals, the Ao control 
line establishes 
the type of communication 
that is to be performed 
with 
the 8231A as shown below: 


Ao 
RD 
WR 
Function 


0 
1 
0 
Enter data byte into stack 
0 
0 
1 
Read data byte from stack 
1 
1 
0 
Enter command 
1 
0 
1 
Read status 


RD 
20 
I 
READ: This active low input indicates 
that data or status is to be read 
from the 8231A if CS is low. 


WR 
19 
I 
WRITE: This active low input indicates 
that data or a command 
is to be 
written into the 8231 A if CS is low. 


EACK 
3 
I 
END OF EXECUTION: 
This active low input clears the end of execution 
output signal (END. If EACK is tied low, the END output will be a pulse 
that is one clock period wide. 


SVACK 
4 
I 
SERVICE 
REQUEST: This active low input clears the service request 
output (SVREQ). 


END 
24 
0 
END: This active low, open-drain 
output indicates 
that execution 
of the 
previously 
entered command 
is complete. 
It can be used as an interrupt 
request and is cleared 
by EACK, RESET or any read or write access to 
the 8231. 


SVREQ 
5 
0 
SERVICE 
REQUEST: 
This active high output signal indicates 
that 
command 
execution 
is complete 
and that post execution 
service was 


,requested 
in the previous 
command 
byte. It is cleared 
by SVACK, the 
next command 
output to the device, or by RESET. 


READY 
1? 
0 
READY: This active high output indicates 
that the 8231A is able to 
accept communication 
with the data bus. When an attempt 
is made to 
read data, write data or to enter a new command 
while the 8231 A is 
executing 
a command, 
READY goes low until execution 
of the current 
command 
is complete 
(See READY Operation, 
p. 6). 


DBO-DB? 
8-15 
I/O 
DATA BUS: These eight bidirectional 
lines provide for transfer 
of 
commands. 
status and data between 
the 8231A and the CPU. The 
8231 A can drive the data bus only when CS and RD are low. 


inter 


Each command 
entered 
into the 8231A consists 
of a 
single 8-bit byte having the format 
illustrated 
below: 


Bits 0-4 
select 
the 
operation 
to be performed 
as 
shown 
in the table. 
Bits 5-6 
select 
the data format 
appropriate 
to the selected 
operation. 
If bit 5 is a 1, a 
fixed point data format 
is specified. 
If bit 5 is 0, float- 
ing point format 
is specified. 
Bit 6 selects 
the preci- 


sion of the data to be operated 
upon by fixed point 
commands 
only (if bit 5 = 0, bit 6 must be 0). If bit 6 
is a 1, single-precision 
(16-bit) 
operands 
are 
as- 
sumed. 
If bit 6 is a 0, double-precision 
(32-bit) oper- 
ands are indicated. 
Results are undefined 
for all ille- 
gal combinations 
of bits in the command 
byte. Bit 7 
indicates 
whether 
a service 
request 
is to be issued 
after the command 
is executed. 
If bit 7 is a 1, the 
service 
request 
output 
(SVREO) 
will go high at the 
conclusion 
of the command 
and will remain high un- 
til reset by a low level on the service 
acknowledge 
pin (SVACK) 
or until completion 
of execution 
of the 
succeeding 
command 
where 
service 
request 
(bit 7) 
is o. Each command 
issued to the 8231A 
requests 
post execution 
service 
based upon the state of bit 7 
in the 
command 
byte. 
When 
bit 7 is a 0, SVREO 
remains 
low. 


Hex(1) 
Stack 
Contents(2) 
Status 
Flags(4) 
Instruction 
Description 
After 
Execution 
Code 
ABCD 
Affected 


ACOS 
Inverse Cosine of A 
06 
RUUU 
S,l,E 


ASIN 
Inverse Sine of A 
05 
RUUU 
S,l,E 


ATAN 
Inverse Tangent 
of A 
07 
RBUU 
S,l 


CHSF 
Sign Change of A 
1 5 
RBCD 
S,l 
cas 
Cosine of A (radians) 
03 
RBUU 
S,l 


EXP 
eA Function 
OA 
RBUU 
S,l,E 


FADD 
Add Aand 
B 
1 0 
RCDU 
S,l,E 


FDIV 
Divide B by A 
1 3 
RCDU 
S,l,E 


FLTD 
32-Bit Integer to Floating 
Point Conversion 
1 C 
RBCU 
S,l 


FLTS 
16-Bit Integer to Floating Point Conversion 
10 
RBCU 
S,l 


FMUL 
Multiply A and B 
12 
RCDU 
S,l,E 


FSUB 
Subtract 
A from B 
1 1 
RCDU 
S,l,E 


LOG 
Common 
Logarithm 
(base 10) of A 
08 
RBUU 
S,l,E 


LN 
Natural Logarithm 
of A 
09 
RBUU 
S,l,E 


POPF 
Stack Pop 
1 8 
BCDA 
S,l 


PTOF 
Stack Push 
1 7 
AABC 
S,l 


PUPI 
Push 1T onto Stack 
1A 
RABC 
S,l 


PWR 
BA Power Function 
OB 
RCUU 
S,l,E 


SIN 
Sine of A (radians) 
02 
RBUU 
S,l 


SORT 
Square Root of A 
01 
RBCU 
S,l,E 


TAN 
Tangent 
of A (radians) 
04 
RBUU 
S,l,E 


XCHF 
Exchange 
A and B 
1 9 
BACD 
S,l 


Hex(l) 
Stack Contents(2) 
Status Flags(4) 
Instruction 
Description 
After Execution 
Code 
ABCD 
Affected 


CHSD 
Sign Change of A 
34 
RBCD 
S,Z,O 


DADD 
Add Aand 
B 
2C 
RCDA 
S,Z,C,E 


DDIV 
Divide B by A 
2F 
RCDU 
S,Z,E 


DMUL 
Multiply A and B (R = lower 32-bits) 
2E 
RCDU 
S,Z,O 


DMUU 
Multiply A and B (R = upper 32-bits) 
36 
RCDU 
S,Z,O 


DSUB 
Subtract 
A from B 
2D 
RCDA 
S,Z,C,O 


FIXD 
Floating 
Point to Integer Conversion 
1 E 
RBCU 
S,Z,O 


POPD 
Stack Pop 
38 
BCDA 
S,Z 


PTOD 
Stack Push 
37 
AABC 
S,Z 


XCHD 
Exchange 
A and B 
39 
BACD 
S,Z 


Hex(l) 
Stack Contents(3) 
Status Flags(4) 
Instruction 
Description 
After Execution 
Code 
Au 
AL Bu 
BL Cu 
CL Du 
DL 
Affected 


CHSS 
Change Sign of Au 
74 
R 
AL 
Bu 
BL Cu 
CL 
Du 
DL 
S,Z,O 


FIXS 
Floating Point to Integer Conversion 
1 F 
R 
Bu 
BL Cu 
CL 
U 
U 
U 
S,Z,O 


POPS 
Stack Pop 
78 
AL 
Bu 
BL Cu 
CL 
Du 
DL Au 
S,Z 


PTOS 
Stack Push 
77 
Au 
Au 
AL 
Bu 
BL Cu 
CL 
Du 
S,Z 


SADD 
Add Au and AL 
6C 
R 
Bu 
BL Cu 
CL 
Du 
DL Au 
S,Z,C,E 


SDIV 
Divide AL by AU 
6F 
R 
Bu 
BL Cu 
CL 
Du 
DL 
U 
S,Z,E 


SMUL 
Multiply AL by Au (R = lower 16-bits) 
6E 
R 
Bu 
BL Cu 
CL 
Du 
DL 
U 
S,Z,E 


SMUU 
Multiply AL by AU (R = upper 16-bits) 
76 
R 
BU 
BL Cu 
CL 
Du 
DL 
U 
S,Z,E 


SSUB 
Subtract 
Au from AL 
6D 
R 
Bu 
BL Cu 
CL 
Du 
DL Au 
S,Z,C,E 


XCHS 
Exchange 
Au and AL 
79 
AL 
AL 
Bu 
BL Cu 
CL 
Du 
DL 
S,Z 


NOP 
No Operation 
00 
Au 
AL 
Bu 
BL Cu 
CL 
Du 
DL 


NOTES: 
1. In the hex code column. 
SVREQ 
is a O. 


2. The stack 
initially 
is composed 
of four 32-bit 
numbers 
(A, B, C, D). A is equivalent 
to Top Of Stack 
(TOS) and B is Next 


On Stack 
(NOS). 
Upon 
completion 
of a command 
the 
stack 
is composed 
of: the 
result 
(R); undefined 
(U); or the 
initial 
contents 
(A. B. C. or D). 
3. The stack 
initially 
is composed 
of eight 
16-bit numbers 
(Au. AL' Bu. BL. Cu, CL. Du. DU. Au is the TOS and AL is NOS. 
Upon completion 
of a command 
the stack 
is composed 
of: the result 
(R); undefined 
(U); or the initial contents 
(Au, AL' Bu, 


BL··· 
). 


4. Nomenclature: 
Sign (S); Zero (Z); Overflow 
(0); Carry (C); Error Code 
Field (E). 


The 8231A 
arithmetic 
processing 
unit handles 
oper- 
ands in both fixed 
point and floating 
point formats. 


Fixed point operands 
may be represented 
in either 
single 
(16-bit 
operands) 
or double 
precision 
(32-bit 
operands), 
and 
are always 
represented 
as binary, 


two's 
complement 
values. 
I 


VALUE 
j 


51 I I I I I I I I I I I I I I 
g 
0 


inter 


The sign (positive or negative) of the operand is lo- 
cated in the most significant bit (MSB). Positive val- 
ues are represented by a sign bit of zero (S = 0). 
Negative values are represented by the two's com- 
plement of the corresponding positive value with a 
sign bit equal to 1 (S = 1). The range of values that 
may be accommodated by each of these formats is 
- 32,768 to +32,767 for 
single 
precision and 


- 2,147,483,648 to + 2,147,483,647 for double pre- 
cision. 


Floating point binary values are represented in a for- 
mat that permits arithmetic to be performed in a 
fashion analogous to operations with decimal values 
expressed in scientific notation. 


(5.83 X 102) (8.16 X 101) = (4.75728 X 104) 


In the decimal system, data may be expressed as 
values between 0 and 10 times 10 raised to a power 
that effectively shifts the implied decimal point right 
or left the number of places necessary to express 
the result in conventional form (e.g., 47,572.8). The 
value-portion of the data is called the mantissa. The 
exponent may be either negative or positive. 


The concept of floating point notation has both a 
gain and a loss associated with it. The gain is the 
ability to represent the significant digits of data with 
values spanning a large dynamic range limited only 
~y the.capacity .of t.he exponent field. For example, 
In.decimal notation In the exponent field is two digits 
Wide,and the mantissa is five digits, a range of val- 
ues (positive or negative) from 1.0000 x 10- 99 to 
9.9999 X 10+99 can be accommodated. The loss is 
that only the significant digits of the value can be 
represented. Thus there is no distinction in this rep- 
resentation 
between 
the 
values 
123451 
and 


123452, for example since each would be expressed 
as: 1.2345 x 105. The sixth digit has been discard- 
ed. In most applications where the dynamic range of 
values to be represented in large, the loss of signifi- 
cance, and hence accuracy of results, is a minor 
consideration. For greater precision a fixed point for- 
mat could be chosen, although with Ii loss of poten- 
tial dynamic range. 


The 8231A is a binary arithmetic processor and re- 
quires that floating point data be represented by a 


fractional mantissa value between 0.5 and 1 multi- 
plied by 2 raised to an appropriate power. This is 
expressed as follows: 


For example, the value 100.5 expressed in this form 
is 0.1100 1001 X 27. The decimal equivalent of this 
value may be computed by summing the compo- 
nents (powers of two) of the mantissa and then mul- 
tiplying by the exponent as shown below: 


value= (2-1 
+ 2-2 + 2-5 + 2-8) 
X 27 


= 0.5 + 0.25 + 0.03125 + 0.00290625) x 128 


= 0.78515625 x 128 


= 100.5 


The format for floating point values in the 8231A is 3 
given below. The mantissa is expressed as a 24-bit 
(fractional) value; the exponent is expressed as a 
two's complement 7-bit value having a range of -64 
to +63. The most significant bit is the sign of the 
mantissa (0 = positive, 1 = negative), for a total of 
32 bits. The binary point is assumed to be the left of 
th~ most significant mantissa bit (bit 23). All floating 
pOint data values must be normalized. Bit 23 must 
be equal to 1, except for the value zero, which is 
represented by all zeros. 


I 
EXPONENT 
I 
MANn"A 
I 


~I~II I I I I 
I I I I I I I I I I I I I I I I I I I I I I I 


31JO 
24:l3 
0 
231305-6 


The range of values that can be represented in this 
format is ±(2.7 x 10-20 to 9.2 X 1018)and zero. 


The user interface to the 8231A includes access to 
a.n8 I~vel 16~bitwide data stack. Since single preci- 
sion fixed POintoperands are 16-bits in length, eight 
such values may be maintained in the stack. When 
using double precision fixed point or floating point 
formats four values may be stored. The stack in 
these two configurations can be visualized as shown 
below: 


inter 


Data are written 
onto the stack, eight bits at a time, 
in the order 
shown 
(A 1, A2, A3, ... 
). Data are re- 
moved from the stack in reverse 
byte order (A4, A3, 
A2 ... 
). Data should 
be entered 
onto the stack 
in 
multiples 
of the number 
of bytes appropriate 
to the 


chosen 
data format. 


Data entry is accomplished 
by bringing 
the chip se- 


lect (CS), the command/data 
line (Ao), and WR low, 
as shown 
in the timing 
diagram. 
The entry of each 
new data word 
"pushes 
down" 
the 
previously 
en- 


tered 
data and places 
the 
new byte on the top of 
stack (TOS). Data on the bottom 
of the stack prior to 
a stack entry are lost. 


Data are removed 
from 
the stack 
in the 8231A 
by 
bringing 
chip select 
(CS), command/data 
(Ao), and 
RD low as shown in the timing diagram. The removal 
of each data world 
redefines 
TOS so that the next 
successive 
byte to be removed 
becomes 
TOS. Data 
removed 
from the stack rotates 
to the bottom 
of the 
stack. 


After the appropriate 
number 
of bytes of data have 


been 
entered 
onto 
the stack, 
a command 
may be 


issued 
to perform 
an operation 
on that data. Com- 
mands 
which 
require 
two 
operands 
for 
execution 


(e.g., add) operate 
on the TOS and NOS values. Sin- 


gle operand 
commands 
operate 
only on the TOS. 


Commands 
are issued to the 8231A 
by bringing the 
chip 
select 
(CS) line low, command 
data 
(Ao) line 
high, and WR line low as indicated 
by the timing dia- 
gram. After a command 
is issued, the CPU can con- 
tinue execution 
of its program 
concurrently 
with the 
8231A 
command 
execution. 


The 
8231A 
signals 
the 
completion 
of 
each 
com- 
mand execution 
by lowering 
the End Execution 
line 
(END). Simultaneously, 
the busy bit in the status reg- 


ister is cleared 
and the Service 
Request 
bit of the 


command 
register 
is checked. 
If it is a "1" 
the serv- 


ice request 
output 
level (SVREQ) 
is raised. 
END is 


cleared 
on receipt 
of an active 
low End Acknowl- 


edge 
(EACK) 
pulse. 
Similarly, 
the 
service 
request 


line is cleared 
by recognition 
of an active 
low Serv- 


ice Ackno ••••• 
ledge (SVACK) 
pulse. 


READY 
OPERATION 


An active 
high ready (READY) 
is provided. 
This line 


is high in its quiescent 
state and is pulled low by the 


8231A 
under the following 
conditions: 


1. A previouly 
initiated 
operation 
is in progress 
(de- 


vice busy) and Command 
Entry has been attempt- 


ed. In this case, the READY line will be pulled low 
and 
remain 
low 
until 
completion 
of the 
current 


command 
execution. 
It will then go high, permit- 


ting entry of the new command. 


2. A previously 
initiated 
operation 
is in progress 
and 


stack 
access 
has been 
attempted. 
In this case, 


the READY 
line will be pulled 
low, will remain 
in 


that 
state 
until 
execution 
is complete, 
and 
will 
then be raised to permit 
completion 
of the stack 


access. 


3. The 
8231A 
is not 
busy, 
and 
data 
removal 
has 


been requested. 
READY will be pulled low for the 


length of time necessary 
to transfer 
the byte from 


the top 
of stack 
to the 
interface 
latch, 
and will 


then go high, indicating 
availability 
of the data. 


4. The 8231A is not busy, and a data entry has been 


requested. 
READY 
will 
be 
pulled 
low 
for 
the 


length of time required 
to ascertain 
if the preced- 


ing data byte, if any, has been written to the stack. 
If so 
READY 
will 
immediately 
go 
high. 
If not, 


READY will remain low until the interface 
latch is 


free and will then go high. 


5. When a status read has been requested, 
READY 


will be pulled low for the length of time necessary 
to transfer 
the status 
to the interface 
latch, 
and 


will then 
be raised 
to permit 
completion 
of the 


status 
read. Status 
may be read whether 
or not 


the 8231A 
is busy. 


When 
READY 
goes 
low, the APU expects 
the bus 


control 
signals 
present 
at the time to remain 
stable 


until READY goes high. 


Device 
status 
is provided 
by means 
of an internal 


status register 
whose 
format 
is shown 
below: 


I 
BUSY 
Z'RO t=-t 
.RRoRI 


coo. -I--tj 


o 


inter 


Busy: 
Indicates 
that 
8231 A is currently 
exe- 
cuting a command 
(1 = Busy) 


Sign: 
Indicates 
that 
the value 
on the top 
of 
stack is negative 
(1 = Negative) 


Zero: 
Indicates 
that 
the value 
on the top 
of 
stack is zero (1 = Value is zero) 


Error Code: 
This field 
contains 
an indication 
of the 
validity 
of the result 
of the 
last opera- 
tion. The error codes are: 


OOOo-No 
error 


100o-Divide 
by zero 


010o-Square 
root 
or log of negative 
number 


110o-Argument 
of 
inverse 
sine, 
co- 
sine, or ex too large 


XX1O-Underfiow 


XX01-0verflow 


Previous 
operation 
resulted 
in carry or 
borrow 
from 
most 
significant 
bit. (1 = 
Carry/Borrow, 
0 = No Carry/No 
Bor- 
row). 


If the BUSY 
bit in the status 
register 
is a one, the 
other 
status 
bits are not defined; 
if zero, indicating 
not 
busy the 
operation 
is complete 
and the 
other 


status bits are defined 
as given above. 


The 8231A 
status 
register 
can be read by the CPU 
at any time (whether 
an operation 
is in progress 
or 


not) by bringing 
the chip select 
(CS) low, the com- 
mand/data 
line 
(Ao) high, 
and 
lowering 
RD. The 
status 
register 
is then gated onto the data bus and 
may be input by the CPU. 


Timing 
for execution 
of the 8231A 
command 
set is - 


contained 
below. 
All 
times 
are 
given 
in terms 
of 
clock 
cycles. 
Where 
substantial 
variation 
of execu- 
tion times 
is possible, 
the minimum 
and maximum 
values are quoted; 
otherwise, 
typical 
values are giv- 
en. Variations 
are data dependent. 


Total 
execution 
times 
may 
require 
allowances 
for 
operand 
transfer 
into the APU, command 
execution, 


and result 
retrieval 
from 
the APU. Except 
for com- 
mand 
execution, 
these 
times 
will 
be heavily 
influ- 


enced by the nature of the data, the control 
interface 
used, the speed of memory, the CPU used, the prior- 
ity allotted 
to DMA and interrupt 
operations, 
the size 
• 
and number 
of operands 
to be transferred, 
and the 
use of chained 
calculations, 
etc. 


Computer 
approximations 
of transcendental 
func- 
tions 
are often 
based 
on some 
form 
of polynomial 
equation, 
such as: 


Command 
Clock 
Command 
Clock 
Command 
Clock 
Command 
Clock 
Mnemonic 
Cycles 
Mnemonic 
Cycles 
Mnemonic 
Cycles 
Mnemonic 
Cycles 


SADD 
17 
FADD 
54-368 
LN 
4298-6956 
POPF 
12 
SSUB 
30 
FSUB 
70-370 
EXP 
3794-4878 
XCHS 
18 
SMUL 
84-94 
FMUL 
146-168 
PWR 
8290-12032 
XCHD 
26 
SMUU 
80-98 
SDIV 
84-94 
FDIV 
154-184 
NOP 
4 
XCHF 
26 
DADD 
21 
SORT 
800 
CHSS 
23 
PUPI 
16 
DSUB 
38 
SIN 
4464 
CHSD 
27 
DMUL 
194-210 
COS 
4118 
CHSF 
18 
DMUU 
182-218 
DDIV 
208 
TAN 
5754 
PTOS 
16 
FIXS 
92-216 
ASIN 
7668 
PTOD 
20 
FIXD 
100-346 
ACOS 
7734 
PTOF 
20 
FLTS 
98-186 
ATAN 
6006 
POPS 
10 
FLTD 
98-378 
LOG 
4474-7132 
POPD 
12 


inter 


The primary shortcoming 
of an approximation 
is this 
form 
is that 
it typically 
exhibits 
very 
large 
errors 
when the magnitude 
of Ixl is large. although 
the er· 
rors are small when Ixl is small. With polynomials 
in 
this form, 
the error distribution 
is markedly 
uneven 
over any arbitrary 
interval. 


A set of approximating 
functions 
exists that not only 
minimizes 
the maximum 
error 
but also provides 
an 
even 
distribution 
of errors 
within 
the selected 
data 
representation 
interval. 
These 
are known 
as Che· 
byshev 
Polynomials 
and 
are 
based 
upon 
cosine 
functions. 
These functions 
are defined 
as follows: 


The various 
terms 
of the Chebyshev 
series 
can be 
computed 
as shown 
below: 


To(X) = Cos (0 x 8) = Cos (0) = 1 
(1·4) 


T1(X) = Cos (Cos -lX) 
= x 
(1·5) 


T2(X) = Cos 28 = 2Cos28 
- 
1 = 2Cos2 (Cos -1X) 
- 
1 
(1-6) 


= 2X2 - 
1 


In general. 
the 
next term 
in the Chebyshev 
series 
can be recursively 
derived from the previous term as 
follows: 


Common 
logarithms 
are computed 
by multiplication 
of the 
natural 
logarithm 
by the 
conversion 
factor 
0.43429448 
and the error function 
is therefore 
the 
same as that for natural 
logarithm. 
The power func· 
tion 
is realized 
by combination 
of natural 
log and 
exponential 
functions 
according 
to the equation: 


The error for the power function 
is a combination 
of 
that for the logarithm 
and exponential 
functions. 


Each of the derived 
functions 
is an approximation 
of 
the true function. 
Thus the result of a derived 
func· 
tion will have an error. The absolute 
error is the dif- 
ference 
between 
the function's 
result 
and the true 
result. A more useful measure 
of the function's 
error 
is 
relative 
error 
(absolute 
error/true 
result). 
This 
gives a measurement 
of the significant 
digits of algo- 
rithm accuracy. 
For the derived functions 
except 
LN. 


LOG, and 
PWR the 
relative 
error 
is typically 
4 x 


10-7. 
For PWR the relative 
error is the summation 
of the EXP and LN errors, 
7 x 10-7. 
For LN and 
LOG, the absolute 
error is 2 X 10-7. 


The diagram in Figure 4 shows the interface 
connec· 


tions for the APU with operand 
transfers 
handled 
by 
an 8237 DMA controller, 
and CPU coordination 
han- 
dled by an Interrupt 
Controller. 
The APU interrupts 
the CPU to indicate 
that a command 
has been com- 
pleted. 
When 
the performance 
enhancements 
pro- 
vided 
by the DMA and Interrupt 
operations 
are not 


required, 
the 
APU 
interface 
can 
be 
simplified 
as 
shown in Figure 3. The 8231A APU is designed 
with 
a general 
purpose 
8·bit data bus and interface 
con- 


trol so that it can be conveniently 
used with any gen- 
eral 8·bit processor. 


In many systems 
it will be convenient 
to use the mi- 


crocomputer 
system 
clock 
to drive 
the 
APU clock 
input. In the case of 8080A 
systems 
it would be the 
<j>2TIL signal. 
Its cycle 
time will usually 
fall in the 
range of 250 ns to 1000 ns, depending 
on the sys- 
tem speed. 
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Storage Temperature 
-65·C 
to + 150·C 


Ambient 
Temperature 
Under Bias 
O·C to 70·C 


VDD with Respect 
to Vss 
-0.5V 
to + 15.0V 


Vee with Respect 
to Vss 
-0.5V 
to + 7.0V 


All Signal Voltages 
with Respect 
toVss 
................•....... 
-0.5Vto 
+7.0V 


Power Dissipation 
2.0W 


NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings only. Operation 
beyond 
the 
"Operating 
Conditions" 
is not recommended 
and ex- 
tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


D.C. AND OPERATING 
CHARACTERISTICS 
TA = O·C to 70·C, Vss = OV, Vee = 
+ 5V ± 10%, VDD = 
+ 12V ± 10% 


Parameters 
Description 
Min 
Typ 
Max 
Units 
Test Conditions 


VOH 
Output HIGH Voltage 
3.7 
V 
IOH = -200 
jJ.A 


VOL 
Output LOW Voltage 
0.4 
V 
IOL = 3.2 mA 


VIH 
Input HIGH Voltage 
2.0 
Vee 
V 


VIL 
Input LOW Voltage 
-0.5 
0.8 
V 


IlL 
Input Load Current 
±10 
jJ.A 
Vss 
~ VIN ~ Vee 


IOFL 
Data Bus Leakage 
±10 
jJ.A 
Vss 
+0.45 
~ VOUT ~ Vee 


Ice 
Vee Supply Current 
50 
95 
mA 


IDD 
VDD Supply Current 
50 
95 
mA 


Co 
Output Capacitance 
8 
pF 


CI 
Input Capacitance 
5 
pF 
Ic = 1.0 MHz, Inputs = OV(1) 


CIO 
I/O Capacitance 
10 
pF 


NOTE: 
1. Sampled, not 100% tested. 


37=>(20 
2.0V- 


0.' 'O.>TESTPOINTS<O'~ 


231305-12 
A.C. Testing: 
Inputs 
are driven 
at3.7V 
for a logical 
"I" 
and OAV 
for a logic "0". 
Timing 
measurements 
are made 
at2,OV 
for a logic 


"I" 
and O.BV for a logic 
"0", 


DEVICE 
UNDER 


iCl 
= 150pF 
TEST 


- 
231305-13 
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8231A-8 
8231A 
Symbol 
Parameter 
Units 
Min 
Max 
Min 
Max 


tAR 
Ao. CS Setup to RD 
0 
0 
ns 


tRA 
Ao. CS Hold from RD 
0 
0 
ns 


tRY 
READY t from RD t Delay (Note 2) 
150 
100 
ns 


tYR 
Ready i to RD i 
0 
0 
ns 


Data 
3.5 te;y 
3.5 te;y 
ns 
+ 50 
+ 50 
tRRR 
READY Pulse Width (Note 3) 


Status 
1.5 tCY 
1.5 tCY 
ns 
+ 50 
+ 50 


tROE 
Data Bus Enable from RD t 
50 
50 
ns 


tORY 
Data Valid to READY i 
0 
0 
ns 


tOF 
Data Float after RD i 
50 
200 
50 
100 
ns 


8231A-8 
8231A 
Symbol 
Parameter 
Units 
Min. 
Max. 
Min. 
Max. 


tAW 
Ao. CS Setup to WR 
0 
0 
ns 


tWA 
Ao. CS Hold after WR 
60 
25 
ns 


twv 
READY t from WR t Delay (Note 2) 
150 
100 
ns 


tvw 
READY i to WR i 
0 
0 
ns 


tRRW 
READY Pulse Width (Note 4) 
50 
50 
ns 


tWI 
Write Inactive Time 
I 
Command 
4tCY 
4tCY 
ns 
(Note 4) 
I 
Data 
5tCY 
5tCY 
ns 


tow 
Data Setup to WR 
150 
100 
ns 


two 
Data Hold after WR 
20 
20 
ns 
• 


8231A·8 
8231A 
Symbol 
Parameter 
Units 
Min 
Max 
Min 
Max 


tCY 
Clock Period 
480 
5000 
250 
2500 
ns 


tePH 
Clock Pulse High Width 
200 
100 
ns 


tCPL 
Clock Pulse Low Width 
240 
120 
ns 


tEE 
END Pulse Width (Note 5) 
400 
200 
ns 


tEAE 
EACK .! to END i Delay 
200 
150 
ns 


tM 
EACK Pulse Width 
100 
50 
ns 


tSA 
SVACK .! to SVREQ .! Delay 
300 
150 
ns 


tss 
SVACK Pulse Width 
100 
50 
ns 


NOTES: 
1. Typical values are for TA = 2SoC,nominal supply voltages processing parameters. 
2. READY is pulled low for both command and data operations. 
3. Minimum values shown assume no previously entered command is being executed for the data access. If a previously 
entered command is being executed, READY low pulse width is the time to complete execution plus the time shown. Status 
may be read at any time without exceeding the time shown. 
4. READY low pulse width is less than SOns when writing into the data port or the control port as long as the duty cycle 
requirement (tWI) is observed and no previous command is being executed. tWI may be safely violated as long as the 
extended tRRWthat results is observed. If a previously entered command is being executed, READY low pulse width is the 
time to complete execution plus the time shown. These timings refer specifically to the 8231A. 
S. END low pulse width is specified for EACK tied to VSS. Otherwise tEAEapplies. 
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8237A 
HIGH PERFORMANCE 
PROGRAMMABLE 
DMA CONTROLLER 
(8237 A, 8237 A-4, 8237 A-5) 


• 
Enable/Disable 
Control 
of Individual 
DMA Requests 


• 
Four Independent 
DMA Channels 


• 
Independent 
Autoinitialization 
of All 
Channels 


• 
Memory-to-Memory 
Transfers 


• 
Memory 
Block Initialization 


• 
Address 
Increment 
or Decrement 


• 
High Performance: 
Transfers 
up to 
1.6M Bytes/Second 
with 5 MHz 8237A-5 


• 
Directly 
Expandable 
to Any Number 
of 
Channels 


• 
End of Process 
Input for Terminating 
Transfers 


• 
Software 
DMA Requests 


• 
Independent 
Polarity 
Control 
for DREQ 
and DACK Signals 


• 
Available 
in EXPRESS 
- 
Standard 
Temperature 
Range 


• 
Available 
in 40-Lead 
Cerdip and Plastic 
Packages 


(See 
Packaging 
Spec, 
Order 
# 231369) 


The 8237 A Multimode 
Direct Memory 
Access 
(DMA) Controller 
is a peripheral 
interface 
circuit for microproc- 


essor systems. 
It is designed 
to improve 
system 
performance 
by allowing 
external 
devices 
to directly 
transfer 
information 
from 
the 
system 
memory. 
Memory-to-memory 
transfer 
capability 
is also 
provided. 
The 
8237A 
offers 
a wide variety 
of programmable 
control 
features 
to enhance 
data throughput 
and 'system 
optimization 
and to allow dynamic 
reconfiguration 
under program 
control. 


The 8237 A is designed 
to be used in conjunction 
with an external 
8-bit address 
latch. It contains 
four indepen- 
dent channels 
and may be expanded 
to any number of channels 
by cascading 
additional 
controller 
chips. The 
three basic transfer 
modes allow programmability 
of the types of DMA service 
by the user. Each channel 
can 
be individually 
programmed 
to Autoinitialize 
to its original 
condition 
following 
an End of Process 
(EOP). Each 
channel 
has a full 64K address 
and word count capability. 
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Figure 2. Pin 
Configuration 


Symbol 
Type 
Name and Function 


Vcc 
POWER: + 5V supply. 


Vss 


,. 


G~OUND: 
Ground. 


ClK 
I 
CLOCK INPUT: Clock Input controls 
the internal operations 
of the 
8237 A and its rate of data transfers. 
The input may be driven at up 
to 3 MHz for tl'1e standard 
8237 A and up to 5 MHz for the 8237 A-5. 


CS 
I 
CHIP SELECT: Chip Select is an active low input used to select 
the 8237A as an I/O device during the Idle cycle. This allows CPU 
communication 
on the data bus. 


RESET 
I 
RESET: Reset is an active high input which clears the Command, 
Status, Request and Temporary 
registers. 
It also clears the first! 
last flip/flop 
and sets the Mask register. Following 
a Reset the 
device is in the Idle cycle. 


READY 
I 
READY: Ready is an input used to extend the memory read and 
write pulses from the 8237 A to accommodate 
slow memories 
or 
I/O peripheral 
devices. 
Ready must not make transitions 
during its 
specified 
setup/hold 
time. 


HlDA 
I 
HOLD ACKNOWLEDGE: 
The active high Hold Acknowledge 
from 
the CPU indicates 
that it has relinquished 
control 
of the system 
busses. 


DREQO-DREQ3 
I 
DMA REQUEST: The DMA Request 
lines are individual 
asynchronous 
channel 
request inputs used by peripheral 
circuits to 
obtain DMA service. 
In fixed Priority, DREQO has the highest 


, 
priority and DREQ3 has the lowest priority. A request is generated 
by activating 
the DREQ line of a channel. 
DACK will acknowledge 
the recognition 
of DREQ signal. Polarity of DREQ is 
programmable. 
Reset initializes these lines to active high. DREQ 
must be maintained 
until the corresponding 
DACK goes active. 


DBO-DB7 
I/O 
DATA BUS: The Data Bus lines are bidirectional 
three-state 
signals connected 
to the system data bus. The outputs are 
enabled 
in the Program condition 
during the I/O Read to output 
the contents 
of an Address 
register, a Status register, the 
Temporary 
register or a Word Count register to the CPU. The 
outputs are disabled 
and the inputs are read during an I/O Write 
cycle when the CPU is programming 
the 8237 A control 
registers. 
During DMA cycles the most significant 
8 bits of the address are 
{)utput onto the data bus to be strobed 
into an external 
latch by 
ADSTB. 
In memory-to-memory 
operations, 
data from the memory 
comes into the 8237 A on the data bus during the read-from- 
memory transfer. 
In the write-to-memory 
transfer, 
the data bus 


'e 
outputs place the data into the new memory location. 


lOR 
I/O 
1/0 READ: I/O Read is a bidirectional 
active low three-state 
line. 
In the Idle cycle, it is an input control 
signal used by the CPU to 
read the control 
registers. 
In the Active cycle, it is an output control 
signal used by the 8237 A to access data from a peripheral 
during a 
DMA Write transfer. 


lOW 
I/O 
1/0 WRITE: I/O Write is a bidirectional 
active low three-state 
line. 
In the Idle cycle, it is an input control 
signal used by the CPU to 
load information 
into the 8237A. In the Active cycle, it is an output 
control 
signal used by the 8237 A to load data to the peripheral 
during a DMA Read transfer. 


• 
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Symbol 
Type 
Name and Function 


EOP 
I/O 
END OF PROCESS: 
End of Process is an active low bidirectional 
signal. Information 
concernin..9....!b-ecompletion 
of DMA services 
is 
available 
at the bidirectional 
EOP pin. The 8237 A allows an 
external 
signal to terminate 
an active DMA service. This is 
accomplished 
by pulling the EOP input low with an external 
EOP 
signal. The 8237 A also generates 
a pulse when the terminal 
count 
(TC) for any channel 
is reached. 
This generates 
an EOP signal 
which is output through the EOP line. The reception 
of EOP, either 
internal or external, will cause the 8237 A to terminate 
the service, 
reset the request, and, if Autoinitialize 
is enabled, 
to write the base 
registers to the current registers of that channel. 
The mask bit and 
TC bit in the status word will be set for the currently 
active channel 
by EOP unless the channel 
is programmed 
for Autoinitialize. 
In that 
case, the mask bit remains unchanged. 
During memory-to-memory 
transfers, 
EOP will be output when the TC for channel 
1 occurs. 
EOP should be tied high with a pull-up resistor if it is not used to 
prevent erroneous 
end of process 
inputs. 


AO-A3 
I/O 
ADDRESS: 
The four least significant 
address lines are 
bidirectional 
three-state 
signals. In the Idle cycle they are inputs 
and are used by the CPU to address the register to be loaded or 
read. In the Active cycle they are outputs and provide the lower 4 
bits of the output address. 


M-A7 
0 
ADDRESS: 
The four most significant 
address lines are three-state 
outputs and provide 4 bits of address. These lines are enabled 
only during the DMA service. 


HRQ 
0 
HOLD REQUEST: This is the Hold Request to the CPU and is 
used to request control of the system bus. If the corresponding 
mask bit is clear, the presence 
of any valid DREQ causes 8237 A to 
issue the HRQ. 


DACKO-DACK3 
0 
DMA ACKNOWLEDGE: 
DMA Acknowledge 
is used to notify the 
individual 
peripherals 
when one has been granted a DMA cycle. 


The sense of these lines is programmable. 
Reset initializes 
them 
to active low. 


AEN 
0 
ADDRESS 
ENABLE: Address 
Enable enables the 8-bit latch 
containing 
the upper 8 address bits onto the system address 
bus. 


AEN can also be used to disable other system bus drivers during 
DMA transfers. 
AEN is active HIGH. 


ADSTB 
0 
ADDRESS 
STROBE: The active high, Address 
Strobe is used to 
strobe the upper address byte into an external 
latch. 


MEMR 
0 
MEMORY 
READ: The Memory Read signal is an active low three- 
state output used to access data from the selected 
memory 
location during a DMA Read or a memory-to-memory 
transfer. 


MEMW 
0 
MEMORY 
WRITE: The Memory Write is an active low three-state 
output used to write data to the selected 
memory location 
during a 
DMA Write or a memory-to-memory 
transfer. 


PINS 
I 
PINS: This pin should always be at a logic HIGH level. An internal 
pull-up resistor will establish 
a logic high when the pin is left 
floating. 
It is recommended 
however, 
that PIN5 be connected 
to 
Vcc· 
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The 8237 A block 
diagram 
includes 
the major 
logic 
blocks 
and all of the internal 
registers. 
The data in- 
terconnection 
paths are also shown. 
Not shown are 
the various 
control 
signals between 
the blocks. The 
8237 A contains 
344 bits of internal 
memory 
in the 
form 
of registers. 
Figure 
3 lists these 
registers 
by 
name 
and shows 
the size of each. 
A detailed 
de- 
scription 
of the registers 
and their functions 
can be 
found 
under Register 
Description. 


Name 
Size 
Number 


Base Address 
Registers 
16 bits 
4 
Base Word Count 
Regis1ers 
16 bits 
4 
Current 
Address 
Registers 
16 bits 
4 
Current 
Word 
Count 
Registers 
16 bits 
4 
Temporary 
Address 
Register 
16 bits 
1 
Temporary 
Word 
Count 
Register 
16 bits 
1 
Status 
Register 
8 bits 
1 
Command 
Register 
8 bits 
1 
Temporary 
Register 
8 bits 
1 
Mode 
Registers 
6 bits 
4 
Mask Register 
4 bits 
1 
Request 
Register 
4 bits 
1 


The 
8237 A contains 
three 
basic 
blocks 
of control 
logic. 
The 
Timing 
Control 
block 
generates 
internal 
timing 
and 
external 
control 
signals 
for the 8237 A. 
The Program 
Command 
Control 
block 
decodes 
the 
various 
commands 
given to the 8237 A by the micro- 
processor 
prior to servicing 
a DMA Request. 
It also 
decodes 
the Mode Control 
word used to select 
the 
type 
of DMA 
during 
the servicing. 
The 
Priority 
En- 
coder 
block 
resolves 
priority 
contention 
between 
DMA channels 
requesting 
service 
simultaneously. 


The 
Timing 
Control 
block 
derives 
internal 
timing 
from 
the clock 
input. 
In 8237 A systems, 
this input 
will usually 
be the 
</>2TIl 
clock 
from 
an 8224 
or 
ClK 
from 
an 8085AH 
or 8284A. 
33% 
duty 
cycle 
clock 
generators, 
however, 
may not meet the clock 
high time requirement 
of the 8237 A of the same fre- 
quency. 
For example, 
82C84A-5 
ClK 
output violates 
the clock 
high time requirement 
of 8237 A-5. In this 
case 
82C84A 
ClK 
can simply 
be inverted 
to meet 
8237 A-5 clock 
high and low time requirements. 
For 
8085AH-2 
systems 
above 
3.9 
MHz, 
the 
8085 
ClK(OUT) 
does not satisfy 8237 A-5 clock lOW 
and 
HIGH 
time 
requirements. 
In this case, 
an external 
clock 
should 
be used to drive the 8237 A-5. 


The 8237 A is designed 
to operate 
in two major cy- 
cles. These 
are called 
Idle and Active 
cycles. 
Each 
device 
cycle is made up of a number of states. The 
8237 A can 
assume 
seven 
separate 
states, 
each 
composed 
of one full clock period. 8tate 
I (81) is the 
inactive 
state. 
It is entered 
when the 8237 A has no 


valid DMA requests 
pending. 
While 
in 81, the DMA 
controller 
is inactive 
but may be in the Program Con- 
dition, 
being 
programmed 
by the 
processor. 
8tate 
80 
(80) 
is the 
first 
state 
of 
a DMA 
service. 
The 
8237 A has requested 
a hold but the processor 
has 
not yet returned 
an acknOWledge. 
The 8237 A may 
still be programmed 
until it receives 
HlDA 
from the 
CPU. An acknowledge 
from the CPU will signal that 
DMA transfers 
may begin. 81, 82, 83 and 84 are the 
working 
states 
of the DMA service. 
If more 
time is 
needed to complete 
a transfer 
than is available 
with 
normal timing, wait states 
(8W) can be inserted 
be- 
tween 82 or 83 and 84 by the use of the Ready line 
on the 8237 A. Note that the data is transferred 
di- 
rectly from the I/O device to memory 
(or vice versa) 
with lOR and MEMW (or MEMR and lOW) being ac- 
tive at the same time. The data is not read into or 
driven out of the 8237 A in I/O-to-memory 
or memo- 
ry-to-I/O 
DMA transfers. 


Memory-to-memory 
transfers 
require 
a 
read-from 
and 
a write-to-memory 
to complete 
each 
transfer. 
• 
The 
states, 
which 
resemble 
the 
normal 
working 
states, use two digit numbers 
for identification. 
Eight 
states are required for a single transfer. 
The first four 
states 
(811,812,813,814) 
are used for the read- 
from-memory 
half and the last four states (821, 822, 


823, 824) for the write-to-memory 
half of the trans- 
fer. 


When 
no channel 
is requesting 
service, 
the 8237 A 
will enter the Idle cycle and perform 
"81" 
states. 
In 
this cycle the 8237 A will sample the DREQ lines ev- 
ery clock 
cycle 
to determine 
if any channel 
is re- 
questing 
a DMA service. The device will also sample 
C8, looking for an attempt 
by the microprocessor 
to 
write 
or read 
the 
internal 
registers 
of the 
8237 A. 


When C8 is low and HlDA 
is low, the 8237A enters 
the Program Condition. 
The CPU can now establish, 
change 
or inspect 
the internal 
definition 
of the part 
by reading 
from 
or writing 
to the internal 
registers. 
Address 
lines AO-A3 
are inputs 
to the device 
and 
select 
which 
registers 
will be read 
or written. 
The 
lOR and lOW lines are used to select and time reads 
or writes. Due to the number and size of the internal 
registers, 
an internal 
flip-flop 
is used to generate 
an 
additional 
bit of address. 
This bit is used to deter- 
mine the upper or lower by1e of the 16-bit Address 
and Word 
Count 
registers. 
The flip-flop 
is reset 
by 
Master 
Clear 
or Reset. 
A separate 
software 
com- 
mand can also reset this flip-flop. 


8pecial 
software 
commands 
can be executed 
by the 
8237 A in the Program 
Condition. 
These 
commands 
are decoded 
as sets of addresses 
with the C8 and 
lOW. The commands 
do not make 
use of the data 
bus. 
Instructions 
include 
Clear 
First/last 
Flip-Flop 
and Master 
Clear. 


When 
the 
8237 A is in the 
Idle cycle 
and 
a non- 
masked channel 
requests 
a DMA service, the device 
will output an HRQ to the microprocessor 
and enter 
the Active cycle. It is in this cycle that the DMA serv- 
ice will take place, in one of four modes: 


Single 
Transfer 
Mode-In 
Single 
Transfer 
mode 
the device is programmed 
to make one transfer 
only. 


The 
word 
count 
will 
be decremented 
and the 
ad- 
dress 
decremented 
or incremented 
following 
each 
transfer. 
When the word count "rolls over" from zero 
to FFFFH, a Terminal 
Count (TC) will cause an Auto- 
initialize 
if the channel 
has been programmed 
to do 
so. 


DREQ must be held active until DACK becomes 
ac- 
tive in order to be recognized. 
If DREQ is held active 
throughout 
the single transfer, 
HRQ will go inactive 
and release 
the bus to the system. 
It will again go 
active 
and, 
upon 
receipt 
of a new 
HLDA, 
another 
single transfer 
will be performed. 
In 8080A, 8085AH, 
8088, or 8086 system, 
this will ensure 
one full ma- 
chine 
cycle 
execution 
between 
DMA transfers. 
De- 
tails 
of timing 
between 
the 
8237 A and 
other 
bus 
control 
protocols 
will depend 
upon the characteris- 
tics of the microprocessor 
involved. 


Block 
Transfer 
Mode-In 
Block Transfer 
mode the 
device 
is activated 
by DREQ 
to continue 
making 
transfers 
during 
the 
service 
until a TC, caused 
by 
word 
count 
going 
to FFFFH, 
or an external 
End of 


Process 
(EOP) is encountered. 
DREQ need only be 
held active 
until 
DACK 
becomes 
active. 
Again, 
an 
Autoinitialization 
will occur at the end of the service 
if the channel 
has been programmed 
for it. 


Demand 
Transfer 
Mode-In 
Demand 
Transfer 
mode the device is programmed 
to continue 
making 
transfers 
until a TC or external 
EOP is encountered 
or until 
DREQ 
goes 
inactive. 
Thus 
transfers 
may 
continue 
until the I/O device 
has exhausted 
its data 
capacity. 
After 
the I/O device 
has had a chance 
to 
catch 
up, 
the 
DMA 
service 
is 
re-established 
by 
means of a DREQ. During the time between 
services 
when the microprocessor 
is allowed 
to operate, 
the 
intermediate 
values 
of address 
and word count 
are 
stored 
in the 
8237 A Current 
Address 
and 
Current 
Word 
Count 
registers. 
Only an EOP can cause 
an 
Autoinitialize 
at the end of the service. 
EOP is gener- 
ated 
either 
by TC or by an external 
signal. 
DREQ 
has to be low before S4 to prevent 
another Transfer. 


Cascade 
Mode-This 
mode 
is used 
to 
cascade 
more 
than 
one 
8237 A together 
for simple 
system 
expansion. 
The HRQ and HLDA signals from the ad- 
ditional 
8237 A 
are 
connected 
to 
the 
DREQ 
and 
DACK signals of a channel 
of the initial 8237 A. This 
allows the DMA requests 
of the additional 
device 
to 
propagate 
through 
the 
priority 
network 
circuitry 
of 
the preceding 
device. The priority chain is preserved 
and the new device must wait for its turn to acknowl- 
edge 
requests. 
Since 
the 
cascade 
channel 
of the 
initial 8237 A is used only for prioritizing 
the addition- 
al device, 
it does not output 
any address 
or control 
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signals of its own. These could conflict 
with the out- 
puts of the active channel 
in the added device. 
The 
8237 A will respond 
to DREQ and DACK but all other 
outputs 
except 
HRQ will be disabled. 
The ready in- 
put is ignored. 


Figure 4 shows two additional 
devices cascaded 
into 
an initial device 
using two of the previous 
channels. 
This forms 
a two level DMA system. 
More 8237 As 
could 
be added 
at the 
second 
level 
by using 
the 
remaining 
channels 
of the first level. Additional 
de- 
vices can also be added by cascading 
into the chan- 
nels of the second 
level device, forming 
a third level. 


Each of the three active transfer 
modes can perform 
three 
different 
types 
of transfers. 
These 
are Read, 
Write and Verify. Write transfers 
move data from an 
I/O device 
to the memory 
by activating 
MEMW 
and 
lOR. Read transfers 
move data from memory 
to an 
I/O 
device 
by activating 
MEMR 
and 
lOW. 
Verify 
transfers 
are pseudo 
transfers. 
The 8237 A operates 
as in Read or Write transfers 
generating 
addresses, 
and responding 
to EOP, etc. However, 
the memory 
and I/O 
control 
lines all remain 
inactive. 
The ready 
input is ignored 
in verify mode. 


Memory-to-Memory- 
To perform 
block 
moves 
of 
data 
from 
one 
memory 
address 
space 
to another 
with 
a minimum 
of 
program 
effort 
and 
time, 
the 
8237 A includes 
a memory-to-memory 
transfer 
fea- 
ture. 
Programming 
a bit in the 
Command 
register 


. selects 
channels 
0 and 1 to operate 
as memory-to- 
memory 
transfer 
channels. 
The transfer 
is initiated 
by setting 
the 
software 
DREQ 
for channel 
O. The 
8237 A requests 
a DMA service 
in the normal 
man- 
ner. After 
HLDA is true, the device, 
using four state 
transfers 
in Block 
Transfer 
mode, 
reads 
data from 
the memory. The channel 
0 Current Address 
register 
is the source for the address used and is decrement- 
ed or incremented 
in the normal 
manner. 
The data 
byte read from the memory 
is stored 
in the 8237 A 
internal 
Temporary 
register. 
Channel 
1 then 
per- 
forms a four-state 
transfer 
of the data from the Tem- 
porary 
register 
to memory 
using the address 
in its 
Current Address 
register 
and incrementing 
or decre- 
menting 
it in the normal manner. The channel 
1 cur- 
rent 
Word 
Count 
is decremented. 
When 
the word 
count of channel 
1 goes to FFFFH, a TC is generat- 
ed causing 
an EOP output 
terminating 
the service. 


Channel 
0 may be programmed 
to retain the same 
address for all transfers. 
This allows a single word to 
be written 
to a block of memory. 


The 8237A will respond 
to external 
EOP signals dur- 
ing memory-to-memory 
transfers. 
Data comparators 
in block search schemes 
may use this input to termi- 
nate the service 
when a match 
is found. The timing 
of memory-to-memory 
transfers 
is found 
in Figure 
12. Memory-to-memory 
operations 
can be detected 
as an active AEN with no DACK outputs. 


Autoinitialize-By 
programming 
a bit in the Mode 
register, a channel 
may be set up as an Autoinitialize 
channel. 
During Autoinitialize 
initialization, 
the origi- 
nal values of the Current Address 
and Current Word 
Count 
registers 
are automatically 
restored 
from the 
Base Address 
and Base Word count registers 
of that 
channel 
following 
EOP. The base registers 
are load- 
ed simultaneously 
with the current 
registers 
by the 
microprocessor 
and 
remain 
unchanged 
throughout 
the DMA service. 
The mask bit is not altered 
when 
the channel 
is in Autoinitialize. 
Following 
Autoinitial- 
ize the channel 
is ready 
to perform 
another 
DMA 
service, without 
CPU intervention, 
as soon as a valid 
DREQ 
is detected. 
In order 
to 
Autoinitialize 
both 
channels 
in 
a 
memory-to-memory 
transfer, 
both 
word counts should be programmed 
identically. 
If in- 
terrupted 
externally, 
EOP pulses 
should 
be applied 
in both bus cycles. 


Priority-The 
8237 A has two 
types 
of priority 
en- 
coding available 
as software 
selectable 
options. 
The 
first is Fixed Priority which fixes the channels 
in pri- 
ority order based upon the descending 
value of their 
number. 
The 
channel 
with 
the 
lowest 
priority 
is 3 
followed 
by 2, 1 and the highest 
priority 
channel, 
O. 


After the recognition 
of anyone 
channel 
for service, 
the 
other 
channels 
are 
prevented 
from 
interfering 
with that service 
until it is completed. 


After 
completion 
of a service, 
HRQ will go inactive 
and the 8237A 
will wait for HLDA to go low before 
activating 
HRQ to service 
another 
channel. 


The 
second 
scheme 
is Rotating 
Priority. 
The 
last 
channel 
to get service 
becomes 
the lowest 
priority 
channel 
with the others 
rotating 
accordingly. 


a 
2 .....- 
service \3'4-- service 
, .- 
service '\ 
3.....- request 
0 
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With Rotating 
Priority in a single chip DMA system, 
any device 
requesting 
service 
is guaranteed 
to be 
recognized 
after 
no more than three 
higher 
priority 
services 
have 
occurred. 
This 
prevents 
anyone 
channel 
from monopolizing 
the system. 


Compressed 
Timing-In 
order 
to 
achieve 
even 
greater 
throughput 
where 
system 
characteristics 
permit, the 8237 A can compress 
the transfer 
time to 
two clock cycles. 
From Figure 11 it can be seen that 
state 
S3 is used to extend 
the access 
time of the 
read 
pulse. 
By removing 
state 
S3, the 
read 
pulse 
width 
is made equal to the write 
pulse width 
and a 
transfer 
consists 
only of state S2 to change 
the ad- 
dress 
and 
state 
S4 to perform 
the 
read/write. 
S1 
states 
will still occur 
when 
A8-A 
15 need 
updating 
(see Address 
Generation). 
Timing 
for compressed 
transfers 
is found in Figure 14. 


Address 
Generation-In 
order to reduce pin count, 
the 
8237 A multiplexes 
the 
eight 
higher 
order 
ad- 
dress bits on the data lines. State S1 is used to out- 
put the higher order address 
bits to an external 
latch 
from which they may be placed 
on the address 
bus. 
The falling edge of Address 
Strobe (ADSTB) 
is used 
to load these 
bits from 
the data lines to the latch. 
Address 
Enable 
(AEN) 
is used 
to enable 
the 
bits 
onto the address 
bus through 
a three-state 
enable. 
The 
lower 
order 
address 
bits 
are 
output 
by the 
8237A 
directly. 
Lines AO-A7 
should 
be connected 
to the address 
bus. Figure 
11 shows 
the time rela- 
tionships 
between 
CLK, 
AEN, 
ADSTB, 
DBO-DB7 
and AO-A7. 


During Block 
and Demand 
Transfer 
mode services, 
which include 
multiple 
transfers, 
the addresses 
gen- 
erated 
will 
be sequential. 
For 
many 
transfers 
the 
data 
held in the external 
address 
latch 
will remain 
the same. This data need only change 
when a carry 
or borrow 
from A7 to A8 takes 
place in the normal 
sequence 
of addresses. 
To save 
time 
and 
speed 
transfers, 
the 8237A 
executes 
S1 states only when 
updating 
of A8-A15 
in the latch 
is necessary. 
This 
means 
for 
long 
services, 
S 1 states 
and 
Address 
Strobes 
may occur only once every 256 transfers, 
a 
savings 
of 255 clock cycles for each 256 transfers. 


Current 
Address 
Register-Each 
channel 
has a 
16-bit Current 
Address 
register. 
This register 
holds 
the value of the address 
used during DMA transfers. 
The address 
is automatically 
incremented 
or decre- 
mented 
after each transfer 
and the intermediate 
val- 
ues of the address 
are stored in the Current Address 
register during the transfer. 
This register 
is written 
or 
read 
by 
the 
microprocessor 
in 
successive 
8-bit 
bytes. It may also be reinitialized 
by an Autoinitialize 
back 
to its original 
value. 
Autoinitialize 
takes 
place 
only after an Eap. 


Current 
Word 
Register-Each 
channel 
has a 16- 
bit Current 
Word Count register. 
This register 
deter- 


mines the number of transfers 
to be performed. 
The 
actual number of transfers 
will be one more than the 
number programmed 
in the Current Word Count reg- 


ister (Le., programming 
a count 
of 100 will result 
in 
101 transfers). 
The word count is decremented 
after 
each 
transfer. 
The 
intermediate 
value 
of the word 
count 
is stored 
in the 
register 
during 
the 
transfer. 


When 
the value 
in the 
register 
goes 
from 
zero to 
FFFFH, a TC will be generated. 
This register 
is load- 
ed or read in successive 
8-bit bytes 
by the 
micro- 
processor 
in the 
Program 
Condition. 
Following 
the 
end of a DMA service 
it may also be reinitialized 
by 
an Autoinitialization 
back to its original 
value. Auto- 


initialize can occur only when an Eap 
occurs. 
If it is 
not Autoinitialized, 
this register 
will have a count 
of 
FFFFH after TC. 


Base Address 
and Base Word 
Count 
Registers- 


Each channel 
has a pair of Base Address 
and Base 
Word 
Count 
registers. 
These 
16-bit 
registers 
store 
the original 
value 
of their associated 
current 
regis- 
ters. 
During Autoinitialize 
these 
values 
are used to 
restore 
the current 
registers 
to their original 
values. 


The base 
registers 
are written 
simultaneously 
with 
their corresponding 
current 
register 
in 8-bit bytes in 
the 
Program 
Condition 
by 
the 
microprocessor. 


These 
registers 
cannot 
be read by the microproces- 
sor. 


Command 
Register-This 
8-bit 
register 
controls 
the operation 
of the 8237 A. It is programmed 
by the 
microprocessor 
in the 
Program 
Condition 
and 
is 
cleared 
by Reset or a Master 
Clear instruction. 
The 
following 
table 
lists 
the 
function 
of the 
command 
bits. See Figure 6 for address 
coding. 


Mode 
Register-Each 
channel 
has a 6-bit 
Mode 
register associated 
with it. When the register is being 
written 
to 
by the 
microprocessor 
in the 
Program 
Condition, 
bits 
0 and 
1 determine 
which 
channel 
Mode register 
is to be written. 


Request 
Register-The 
8237 A can respond 
to re- 
quests 
for DMA service 
which 
are initiated 
by soft- 
ware 
as well 
as by a DREQ. 
Each 
channel 
has a 
request 
bit associated 
with 
it in the 
4-bit 
Request 
register. 
These are non-maskable 
and subject 
to pri- 


oritization 
by the Priority Encoder 
network. 
Each reg- 


ister 
bit is set or reset 
separately 
under 
software 
control 
or is cleared 
upon generation 
of a TC or ex- 
ternal Eap. The entire register is cleared 
by a Reset. 


To set or reset a bit, the software 
loads the proper 
form of the data word. See Figure 5 for register 
ad- 
dress coding. 
In order to make a software 
request, 


the channel 
must be in Block Mode. 
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0 
Memory·to-memory 
disable 
1 
Memory·tc;memory 
enable 


0 
Channel 0 address hold disable 
1 
Channel 0 address hold enable 
X 
If bit 0=0 


0 
Controller 
enable 
1 
Controller 
disable 


0 
Normal 
timing 
1 
Compressed 
timing 
X 
If bit 0=1 


0 
Fixed priority 
1 
Rotating 
priority 


0 
Late write selection 
1 
Extended 
write 
selection 
X 
If bit 3=1 


0 
OREQ sense 
active 
high 
1 
DREQ 
sense 
active 
low 


0 
OACK 
sense 
active 
low 
1 
DACK 
sense 
active 
high 
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Channel 
0 select 
Channel 
1 select 
Channel 2 select 
Channel 3 select 


00 
Verify transfer 
01 
Write transfer 
10 
Read transfer 
11 
Illegal 
XX If bits 6 and 7= 11 


00 
Demand mode select 
01 
Single mode select 
10 
Block mode select 
11 
Cascade mode select 


Select 
channel a 
Select channell 
Select channel 2 
Select channel 3 


o 
Reset request bit 
1 
Set request bit 
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Mask Register-Each 
channel 
has associated 
with 
it a mask bit which can be set to disable 
the incom- 
ing DREQ. Each mask bit is set when its associated 
channel 
produces 
an EOP if the channel 
is not pro- 
grammed 
for 
Autoinitialize. 
Each 
bit 
of 
the 
4-bit 
Mask register 
may also be set or cleared 
separately 
under software 
control. 
The entire register is also set 
by a Reset. 
This disables 
all DMA requests 
until a 
clear Mask register 
instruction 
allows them to occur. 


The instruction 
to separately 
set or clear the mask 
bits is similar in form to that used with the Request 
register. 
See Figure 5 for instruction 
addressing. 


Select 
channel 
0 mask bit 
select 
channel 
1 mask bit 
Select 
channel 
2 mask bit 
Select 
channel 
3 mask bit 


o 
Clear mask bit 
1 
Set mask bit 


231466-B 


All four bits of the Mask register 
may also be written 
with a single command. 


o 
Clear channel 
3 mask bit 
1 
set channel 
3 mask bit 


231466-9 


Register Operation 
Signals 


CS lOR lOW A3 A2 A1 AO 


Command 
Write 
0 
1 
0 
1 
0 
0 
0 
Mode 
Write 
0 
1 
0 
1 
0 
1 
1 
Request 
Write 
0 
1 
0 
1 
0 
0 
1 
Mask 
Set/Reset 
0 
1 
0 
1 
0 
1 
0 
Mask 
Write 
0 
1 
0 
1 
1 
1 
1 
Temporary 
Read 
0 
0 
1 
1 
1 
0 
1 
Status 
Read 
0 
0 
1 
1 
0 
0 
0 


Status Register-The 
Status register 
is available 
to 
be read out of the 8237 A by the microprocessor. 
It 
contains 
information 
about the status of the devices 
at this point. This information 
includes 
which 
chan- 
nels have reached 
a terminal 
count and which chan- 


3-21 


• 


nels have pending 
DMA requests. 
Bits 0-3 are set 
every 
time 
a TC is reached 
by that 
channel 
or an 
external 
EOP is applied. These bits are cleared 
upon 
Reset 
and on each 
Status 
Read. 
Bits 4-7 are set 
whenever 
their corresponding 
channel 
is requesting 
service. 


Temporary 
Register-The 
Temporary 
register 
is 
used to hold data during 
memory-to-memory 
trans- 
fers. Following 
the completion 
of the transfers, 
the 
last word moved can be read by the microprocessor 
in the 
Program 
Condition. 
The Temporary 
register 
always contains 
the last byte transferred 
in the previ- 
ous 
memory-to-memory 
operation, 
unless 
cleared 
by a Reset. 


Software 
Commands-These 
are additional 
spe- 
cial software 
commands 
which 
can be executed 
in 
the Program 
Condition. 
They do not depend 
on any 
specific 
bit pattern 
on the data bus. The three soft- 
ware commands 
are: 


Channel 0 has reached TC 
Channel 
1 has reached TC 
Channel 
2 has reached TC 
Channel 3 has reached TC 


Channel 0 request 
Channel 
1 request 
Channel 
2 request 
Channel 3 request 


Clear First/Last 
Flip-Flop: 
This command 
must be 
executed 
prior to writing 
or reading 
new address 
or word count 
information 
to the 8237 A. This ini- 
tializes 
the flip-flop 
to a known 
state so that sub- 
sequent 
accesses 
to register 
contents 
by the mi- 
croprocessor 
will address 
upper 
and lower 
bytes 
in the correct 
sequence. 


Master 
Clear: 
This 
software 
instruction 
has the 
same 
effect 
as the 
hardware 
Reset. 
The 
Com- 
mand, 
Status. 
Request, 
Temporary, 
and 
Internal 
First/Last 
Flip-Flop 
registers 
are cleared 
and the 
Mask register 
is set. The 8237 A will enter the Idle 
cycle. 


Clear 
Mask 
Register: 
This 
command 
clears 
the 
mask bits of all four channels, 
enabling 
them 
to 
accept 
DMA requests. 


Figure 
6 lists the 
address 
codes 
for the 
software 
commands. 


Signals 
Operation 
A3 
A2 
A1 
AO 
lOR 
lOW 


1 
0 
0 
0 
0 
1 
Read Status 
Register 


1 
0 
0 
0 
1 
0 
Write Command 
Register 


1 
0 
0 
1 
0 
1 
Illegal 


1 
0 
0 
1 
1 
0 
Write Request 
Register 


. 1 
0 
1 
0 
0 
1 
Illegal 


1 
0 
1 
0 
1 
0 
Write Single Mask Register 
Bit 


1 
0 
1 
1 
0 
1 
Illegal 


1 
0 
1 
1 
1 
0 
Write Mode 
Register 


1 
1 
0 
0 
0 
1 
Illegal 


1 
1 
0 
0 
1 
0 
Clear Byte Pointer Flip/Flop 


1 
1 
0 
1 
0 
1 
Read Temporary 
Register 


1 
1 
0 
1 
1 
0 
Master Clear 


1 
1 
1 
0 
0 
1 
Illegal 


1 
1 
1 
0 
1 
0 
Clear Mask Register 


1 
1 
1 
1 
0 
1 
Illegal 


1 
1 
1 
1 
1 
0 
Write All Mask Register 
Bits 


Channel 
Register 
Operation 
Signals 
Internal 
Data Bus 


CS 
lOR 
lOW 
A3 
A2 
A1 
AO Flip-Flop 
DBO-DB7 


0 
Base and Current Address 
Write 
0 
1 
0 
0 
0 
0 
0 
0 
AO-A7 
0 
1 
0 
0 
0 
0 
0 
1 
A8-A15 


Current Address 
Read 
0 
0 
1 
0 
0 
0 
0 
0 
AO-A7 
0 
0 
1 
0 
0 
0 
0 
1 
A8-A15 


Base and Current Word Count 
Write 
0 
1 
0 
0 
0 
0 
1 
0 
WO-W7 
0 
1 
0 
0 
0 
0 
1 
1 
W8-W15 


Current Word Count 
Read 
0 
0 
1 
0 
0 
0 
1 
0 
WO-W7 
0 
0 
1 
0 
0 
0 
1 
1 
W8-W15 


1 
Base and Current Address 
Write 
0 
1 
0 
0 
0 
1 
0 
0 
AO-A7 
0 
1 
0 
0 
0 
1 
0 
1 
A8-A15 


Current Address 
Read 
0 
0 
1 
0 
0 
1 
0 
0 
AO-A7 
0 
0 
1 
0 
0 
1 
0 
1 
A8-A15 


Base and Current Word Count 
Write 
0 
1 
0 
0 
0 
1 
1 
0 
WO-W7 
0 
1 
0 
0 
0 
1 
1 
1 
W8-W15 


Current Word Count 
Read 
0 
0 
1 
0 
0 
1 
1 
0 
WO-W7 
0 
0 
1 
0 
0 
1 
1 
1 
W8-W15 


2 
Base and Current Address 
Write 
0 
1 
0 
0 
1 
0 
0 
0 
AO-A7 
0 
1 
0 
0 
1 
0 
0 
1 
A8-A15 


Current Address 
Read 
0 
0 
1 
0 
1 
0 
0 
0 
AO-A7 
0 
0 
1 
0 
1 
0 
0 
1 
A8-A15 


Base and Current Word Count 
Write 
0 
1 
0 
0 
1 
0 
1 
0 
WO-W7 
0 
1 
0 
0 
1 
0 
1 
1 
W8-W15 


Current Word Count 
Read 
0 
0 
1 
0 
1 
0 
1 
0 
WO-W7 
0 
0 
1 
0 
1 
0 
1 
1 
W8-W15 
3 
Base and Current Address 
Write 
0 
1 
0 
0 
1 
1 
0 
0 
AO-A7 
0 
1 
0 
0 
1 
1 
0 
1 
A8-A15 


Current Address 
Read 
0 
0 
1 
0 
1 
1 
0 
0 
AO-A7 
0 
0 
1 
0 
1 
1 
0 
1 
A8-A15 


Base and Current Word Count 
Write 
0 
1 
0 
0 
1 
1 
1 
0 
WO-W7 
0 
1 
0 
0 
1 
1 
1 
1 
W8-W15 


Current Word Count 
Read 
0 
0 
1 
0 
1 
1 
1 
0 
WO-W7 
0 
0 
1 
0 
1 
1 
1 
1 
W8-W15 
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PROGRAMMING 


The 8237A will accept programming from the host 
processor any time that HLDA is in~c!i~e;this is true 
even if HRQ is active. The responsibility of the host 
is to assure that programming and HLDA are mutual- 
ly exclusive. Note that a problem can occur if a DMA 
request occurs, on an unmasked channel while the 
82::17A is being programmed. For instance, the CPU 
may be starting to reprogram the two byte A?dress 
register of channel 1 when channel 1 receives a 
DMA request. If the 8237A is enabled (bit 2 in the 
command register is 0) and channel 1 is unmasked, 
a DMA service will occur after only one byte of the 
Address register has been reprogrammed. This can 
be avoided by disabling the controller (setting bit 2 in 
the command register) or masking the channel be- 
fore programming any other registers. Once the pro- 
gramming is complete, the controller can be en- 
abled/unmasked. 


After power-up it is suggested that all internal loca- 
tions, especially the Mode registers, be load~d with 
some valid value. This should be done even If some 


channels are unused. An invalid mode may force all 
control signals to go active at the same time. 


APPLICATION 
INFORMATION 
(Note 1) 


Figure 8 shows a convenient method for configuring 
a DMA system with the 8237A controller and a~ 
8080Al8085AH microprocessor system. The multl- 
mode DMA controller issues a HRQ to the processor 
whenever there is at least one valid DMA request 
from a peripheral device. When the processor re- 
plies with a HLDA signal, the 8237A takes control of 
the address bus, the data bus and the control bus. 
The address for the first transfer operation comes 
out in two bytes-the 
least significant 8 bits on the 
eight address outputs and the most significant 8 bits 
on the data bus. The contents of the data bus are 
then latched into an 8-bit latch to complete the full 
16 bits of the address bus. The 8282 is a high 
speed, 8-bit, three-state latch in a 20-pin pac.kage. 
After the initial transfer takes place, the latch IS up- 
dated only after a carry or borrow is generated in the 
least significant address byte. Four DMA channels 
are provided when one 8237A is used. 
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1. See Application 
Note AP-67 for 8086 design 
information. 
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NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings only. Operation 
beyond 
the 


"Operating 
Conditions" 
is not recommended 
and ex- 


tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


Ambient 
Temperature 
under Bias 
O°C to 70°C 


Case Temperature 
O°C to + 75°C 


Storage Temperature 
- 65°C to + 150°C 


Voltage 
on Any Pin with 
Respect to Ground 
- 0.5V to + 7V 


Power Dissipation 
1.5 Watt 


D.C. CHARACTERISTICS 
TA = O°C to 70°C, TCASE = O°C to 75°C, Vcc 
= + 5.0V 
± 5%, GND = OV 


Symbol 
Parameter 
Mln 
Typ 
Max 
Unit 
Test Conditions 
(Note 
1) 


VOH 
Output High Voltage 
204 
V 
IOH = -200 
IJ-A 


3.3 
V 
IOH = -100 
IJ-A(HRQ Only) 


VOL 
Output LOW Voltage 
0040 
V 
IOL = 3.2 mA 


VIH 
Input HIGH Voltage 
2.0 
Vcc 
+ 0.5 
V 


VIL 
Input LOW Voltage 
-0.5 
0.8 
V 


III 
Input Load Current 
±10 
IJ-A 
OV ~ VIN ~ VCC 


ILO 
Output 
Leakage Current 
±10 
IJ-A 
OA5V ~ VOUT ~ Vcc 


Icc 
Vcc Supply Current 
110 
130 
mA 
TA = +25°C 


130 
150 
mA 
TA = O°C 


Co 
Output Capacitance 
4 
8 
pF 


CI 
Input Capacitance 
8 
15 
pF 
Ic = 1.0 MHz, Inputs = OV 


CIO 
I/O Capacitance 
10 
18 
pF 


NOTE: 
1. Typical values are for TA = 25°C, nominal supply voltage and nominal processing parameters. 
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A.C. CHARACTERISTICS-DMA 
(MASTER) 
MODE 


T A = O·G to 70·G, TCASE 
= O·G to 75·G, Vcc 
= + 5V ± 5%, 
GND 
= OV 


Symbol 
Parameter 
8237A 
8237A-4 
8237A-5 
Unit 
Mln 
Max 
Mln 
Max 
Mln 
Max 


TAEl 
AEN HIGH from ClK 
lOW 
(S1) Delay Time 
300 
225 
200 
ns 


TAET 
AEN lOW 
from ClK 
HIGH (SI) Delay Time 
200 
150 
130 
ns 


TAFAB 
ADR Active to Float Delay from ClK 
HIGH 
150 
120 
90 
ns 


TAFC 
READ or WRITE 
Float from ClK 
HIGH 
150 
120 
120 
ns 


TAFDB 
DB Active to Float Delay from ClK 
HIGH 
250 
190 
170 
ns 


TAHR 
ADR from READ HIGH Hold Time 
TCY-100 
TCY-100 
TCY-100 
ns 


TAHS 
DB from ADSTB 
lOW 
Hold Time 
40 
40 
30 
ns 


TAHW 
ADR from WRITE 
HIGH Hold Time 
TCY-50 
TCY-50 
TCY-50 
ns 


TAK 
DACK Valid from ClK 
lOW 
Delay Time (Note 1) 
250 
220 
170 
ns 


EOP HIGH from ClK 
HIGH Delay Time (Note 2) 
250 
190 
170 
ns 


EOP lOW 
from ClK 
HIGH Delay Time 
250 
190 
170 
ns 


TASM 
ADR Stable from ClK 
HIGH 
250 
190 
170 
ns 


TASS 
DB to ADSTB 
lOW 
Setup Time 
100 
100 
100 
ns 


TCH 
Clock High Time (Transitions,;; 
10 ns) 
120 
100 
80 
ns 


TCl 
Clock lOW 
Time (Transitions,;; 
10 ns) 
150 
110 
68 
ns 


TCY 
ClK 
Cycle Time 
320 
250 
200 
ns 


TDCl 
ClK 
HIGH to READ or WRITE 
lOW 
Delay (Note 3) 
270 
200 
190 
ns 


TDCTR 
READ HIGH from ClK 
HIGH 
270 
210 
190 
ns 


(S4) Delay Time (Note 3) 


TDCTW 
WRITE 
HIGH from ClK 
HIGH 
200 
150 
130 
ns 


(S4) Delay Time (Note 3) 


TDQ1 
HRQ Valid from ClK 
HIGH Delay Time (Note 4) 
160 
120 
120 
ns 


TDQ2 
250 
190 
120 
ns 


TEPS 
EOP lOW 
from ClK 
lOW 
Setup Time 
60 
45 
40 
ns 


TEPW 
EOP Pulse Width 
300 
225 
220 
ns 


TFAAB 
ADR Float to Active 
Delay from ClK 
HIGH 
250 
190 
170 
ns 


TFAC 
READ or WRITE Active from ClK 
HIGH 
200 
150 
150 
ns 


TFADB 
DB Float to Active 
Delay from ClK 
HIGH 
300 
225 
200 
ns 


THS 
HlDA 
Valid to ClK 
HIGH Setup Time 
100 
75 
75 
ns 


TIDH 
Input Data from MEMR HIGH Hold Time 
0 
0 
0 
ns 


TIDS 
Input Data to MEMR HIGH Setup Time 
250 
190 
170 
ns 


TODH 
Output 
Data from MEMW 
HIGH Hold Time 
20 
20 
10 
ns 


TODV 
Output 
Data Valid to MEMW 
HIGH 
200 
125 
125 
ns 


TQS 
DREQ to ClK 
lOW 
(SI, 84) Setup Time (Note 1) 
0 
0 
0 
ns 


TRH 
ClK 
to READY 
lOW 
Hold Time 
20 
20 
20 
ns 


TRS 
READY to ClK 
lOW 
Setup Time 
100 
60 
60 
ns 


TSTl 
ADSTB 
HIGH from ClK 
HIGH Delay Time 
200 
150 
130 
ns 


TSn 
ADSTB 
lOW 
from ClK 
HIGH Delay Time 
140 
110 
90 
ns 


intJ 


A.C. CHARACTERISTICS-PERIPHERAL 
(SLAVE) 
MODE 
TA = O°C to 70°C, TCASE = O°C to 75°C, VCC = + 5V ± 5%, GND = OV 


Symbol 
Parameter 
8237A 
8237A·4 
8237A-5 
Unit 


Min 
Max 
Min 
Max 
Mln 
Max 


TAR 
ADR Valid or CS LOW to READ LOW 
50 
50 
50 
ns 


TAW 
ADR Valid to WRITE HIGH Setup Time 
200 
150 
130 
ns 


TCW 
CS LOW to WRITE HIGH Setup Time 
200 
150 
130 
ns 


TDW 
Data Valid to WRITE HIGH Setup Time 
200 
150 
130 
ns 


TRA 
ADR or CS Hold from READ HIGH 
0 
0 
0 
ns 


TRDE 
Data Access from READ LOW (Note 5) 
200 
200 
140 
ns 


TRDF 
DB Float Delay from READ HIGH 
20 
100 
20 
100 
0 
70 
ns 


TRSTD 
Power Supply HIGH to RESET LOW Setup Time 
500 
500 
500 
ns 


TRSTS 
RESET to First IOWR 
2TCY 
2TCY 
2TCY 
ns 


TRSTW 
RESET Pulse Width 
300 
300 
300 
ns 


TRW 
READ Width 
300 
250 
200 
ns 


TWA 
ADR from WRITE HIGH Hold Time 
20 
20 
20 
ns 


TWC 
CS HIGH from WRITE HIGH Hold Time 
20 
20 
20 
ns 


TWD 
Data from WRITE HIGH Hold Time 
30 
30 
30 
ns 


TWWS 
Write Width 
200 
200 
160 
ns 


TWR 
End of Write to End of Read in DMA Transfer 
0 
0 
0 
ns 


NOTES: 
1. OREO and OACK signals may be active high or active low. Timing diagrams assume the active high mode. 
2. EOP is an open collector output. This parameter assumes the presence of a 2.2K pullup to Vcc. 
3. The net lOW or MEMW Pulse width for normal write will be TCY-1 00 ns and for extended write will be 2TCY-1 00 ns. 
The net lOR or MEMR pulse width for normal read will be 2TCY-50 
ns and for compressed read will be TCY-50 
ns. 
4. TOO is specified for two different output HIGH levels. TOOl is measured at 2.0V. T002 is measured at 3.3V. The value 
for T002 assumes an external 3.3 Kfi pull-up resistor connected from HRO to Vcc. 
5. Output Loading on the Data Bus is 1 TIL Gate plus 100 pF capacitance. 
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231466-12 
A.C. Testing: 
Inputs 
are driven 
at 2.4V for a Logic 
"1" 
and 0.45V 
for 
a Logic 
"0." 
Timing 
measurements 
are 
made 
at 2.0V 
for 
a 
Logic 
"1" 
and 0.8V 
for a Logic 
"0." 
Input timing 
parameters 
as- 
sume transition 
times of 20 ns or less. Waveform 
measurement 
points 
for 
both 
input 
and 
output 
signals 
are 2.0V 
for 
HIGH 
and 


0.8V for LOW, 
unless 
otherwise 
noted. 
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I-TWC 
I 
(NOTE 1) 


NOTE: 
1. Successive 
read and/or 
write 
operations 
by the external 
processor 
to program 
or examine 
the 
controller 
must 
be 
timed 
to allow 
at least 
600 ns for the 8237 A, at least 
500 ns for the 8237 A-4, and at least 400 
ns for the 8237 A-5 as 
recovery 
time between 
active 
read or write 
pulses. 
The same 
recovery 
time is needed 
between 
an active 
read or write 
pulse followed 
by a DMA transfer. 
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NOTE: 
1. Successive 
read 
and/or 
write 
operations 
by the 
external 
processor 
to program 
or examine 
the controller 
must 
be 
timed 
to allow 
at least 
600 ns for the 8237 A, at least 500 ns for the 8237 A-4, and at least 400 ns for the 8237 A-5 as 
recovery 
time between 
active 
read or write 
pulses. 
The same recovery 
time is needed 
between 
an active 
read or write 
pulse followed 
by a DMA transfer. 
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NOTE: 
1. DREQ should 
be held active 
until DACK is returned. 
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MEMORY-TO-MEMORY 
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1. Cascading from channel zero. When using mul- 


tiple 8237s, always start cascading with channel 
zero. Channel zero of the 8237 will operate incor- 
rectly if one or more of channels 1, 2, or 3 are 
used in the cascade mode while channel zero is 
used in a mode other than cascade. 
2. Do not treat the DREQsignal as an asynchro- 
nous Input while the channel Is In the "de- 
mand" or "cascade" modes. If DREQ becomes 
inactive at any time during state 84, an illegal 
state may occur causing the 8237 to operate im- 
properly. 


3. HRQ must remain active until HLDA becomes 
active. If HRQ goes inactive before HLDA is re- 
ceived the 8237 can enter an illegal state causing 
it to operate improperly. 


4. Make sure the MEMR# line has 50 pF loading 
capacitance on It. When doing memory to mem- 
ory transfers, the 8237 requires at least 50 pF 
loading capacitance on the MEMR# signal for 
proper operation. In most cases board capaci- 
tance is sufficient. 


5. Treat the READY input as a synchronous in- 
put. If a transition occurs during the setup/hold 
window, erratic operation may result. 


6. Any channel In cascade mode should have an 
active DREQbefore a HRQ. 


The following list represents key differences be- 
tween this and the -003 data sheet. Please review 
this summary carefully. 


1. Item 6 was added to the "Design Considerations" 


section. 


82C37A-5 
CHMOS HIGH PERFORMANCE 
PROGRAMMABLE 
DMA CONTROLLER 
• Pin Compatible 
with NMOS 8237A-5 
• Address 
Increment 
or Decrement 
• Enable/Disable 
Control 
of Individual 
• High performance: 
5 MHz Speed 
DMA Requests 
Transfers 
up to 1.6 MBytes/Second 
• Fully Static Design with Frequency 
• Directly 
Expandable 
to any Number 
of 
Range from DC to 5 MHz 
Channels 
• Low Power Operation 
• End of Process 
Input for Terminating 
• Four Independent 
DMA Channels 
Transfers 
• Independent 
Autoinitialization 
of all 
• Software 
DMA Requests 


Channels 
• Independent 
Polarity 
Control 
for DREQ 
• Memory-to-Memory 
Transfers 
and DACK Signals 
• Memory 
Block Initialization 
• Available 
in 40-Lead 
Plastic DIP 


The 
Intel 82C37A-5 
Multimode 
Direct 
Memory 
Access 
(DMA) 
Controller 
is a CHMOS 
peripheral 
interface 
circuit for microprocessor 
systems. 
It is designed 
to improve 
system performance 
by allowing 
external 
devices 
to directly 
transfer 
information 
from the system 
memory. 
Memory-to-memory 
transfer 
capability 
is also provid- 
ed. The 82C37 A-5 offers 
a wide variety 
of programmable 
control 
features 
to enhance 
data throughput 
and 
system 
optimization 
and to allow dynamic 
reconfiguration 
under program 
control. 


The 82C37A-5 
is designed 
to be used in conjunction 
with an external 
8-bit address 
register. 
It contains 
four 
independent 
channels 
and may be expanded 
to any number 
of channels 
by cascading 
additional 
controller 
chips. 


The three basic transfer 
modes allow programmability 
of the types of DMA service 
by the user. Each channel 
can be individually 
programmed 
tq Autoinitialize 
to its original 
condition 
following 
an End of Process 
(EOP). 


Each channel 
has a full 64K address 
and word count capability. 


DAEOO· 


DFlEQ3 


HLOA 


H.a 


DACI<O· 
OACI(3 


• 


lOR 
A7 


lOW 
AS 


MEMR 
AS 


MEMW 
A4 


PINS 
mP 


READY 
A3 


HLDA 
A2 


ADS7B 
Al 


AEN 
AO 


HRQ 
Vcct 
+ SV) 


CS 
DBO 


CLK 
DBI 


RESET 
DB2 


DACK2 
DB3 


DACK3 
DB4 


DREQ3 
DACKO 


DREQ2 
DACKI 


DREQ' 
DBS 


DREQO 
DBS 


(GND. 
V" 
DB7 


231202-2 


Figure 
2. 82C37 A-5 
40-Lead 
DIP Configuration 


inter 


Symbol 
Type 
Name and Function 


Vcc 
POWER: + 5 volt supply. 


Vss 
GROUND: 
Ground. 


ClK 
I 
CLOCK INPUT: Clock Input controls 
the internal operations 
of the 
82C37 A-5 and its rate of data transfers. 
The input may be driven at 


up to 5 MHz for the 82C37 A-5. 


CS 
I 
CHIP SELECT: Chip Select is an active low input used to select the 
82C37 A-5 as an I/O device during the Idle cycle. This allows CPU 
communication 
on the data bus. 


RESET 
I 
RESET: Reset is an active high input which clears the Command, 
Status, Request 
and Temporary 
registers. 
It also clears the first/last 


flip-flop 
and sets the Mask register. Following 
a Reset the device is 


in the Idle cycle. 


READY 
I 
READY: Ready is an input used to extend the memory read and 
write pulses from the 82C37 A-5 to accommodate 
slow memories 
or 


I/O peripheral 
devices. 
Ready must not make transitions 
during its 


specified 
setup/hold 
time. 


HlDA 
I 
HOLD ACKNOWLEDGE: 
The active high Hold Acknowledge 
from 


the CPU indicates 
that it has relinquished 
control 
of the system 


busses. 


DREQO-DREQ3 
I 
DMA REQUEST: 
The DMA Request 
lines are individual 


asynchronous 
channel 
request inputs used by peripheral 
circuits to 
obtain DMA service. 
In fixed Priority, DREQO has the highest priority 


and DREQ3 has the lowest priority. A request is generated 
by 


activating 
the DREQ line of a channel. 
DACK will acknowledge 
the 


recognition 
of DREQ signal. Polarity of DREQ is programmable. 


Reset initializes these lines to active high. DREQ must be 
maintained 
until the corresponding 
DACK goes active. 


DBO-DB7 
I/O 
DATA BUS: The Data Bus lines are bidirectional 
three-state 
signals 


connected 
to the system data bus. The outputs are enabled 
in the 


Program condition 
during the I/O Read to output the contents 
of an 


Address 
register, a Status register, the Temporary 
register or a 


Word Count register to the CPU. The outputs are disabled 
and the 
inputs are read during an I/O Write cycle when the CPU is 
programming 
the 82C37 A-5 control 
registers. 
During DMA cycles 


the most significant 
8 bits of the address are output onto the data 


bus to be strobed 
into an external 
latch by ADSTB. 
In memory-to- 


memory operations, 
data from the memory comes into the 


82C37 A-5 on the data bus during the read-from-memory 
transfer. 
In 


the write-to-memory 
transfer, 
the data bus outputs place the data 


into the new memory location. 


lOR 
I/O 
I/O READ: I/O Read is a bidirectional 
active low three-state 
line. In 


the Idle cycle, it is an input control 
signal used by the CPU to read 
the control 
registers. 
In the Active cycle, it is an output control 
signal 


used by the 82C37 A-5 to access data from a peripheral 
during a 


DMA Write transfer. 


lOW 
I/O 
I/O WRITE: I/O Write is a bidirectional 
active low three-state 
line. In 


the Idle cycle, it is an input control 
signal used by the CPU to load 


information 
into the 82C37 A-5. In the Active cycle, it is an output 


control 
signal used by the 82C37 A-5 to load data to the peripheral 


during a DMA Read transfer. 


inter 


Symbol 
Type 
Name and Function 


EOP 
I/O 
END OF PROCESS: 
End of Process is an active low bidirectional 
signal. Information 
concerning 
the completion 
of DMA services 
is 
available 
at the bidirectional 
EOP pin. The 82C37 A-5 allows an 
external 
signal to terminate 
an active DMA service. This is 
__ 
accomplished 
by pulling the EOP input low with an external 
EOP 
signal. The 82C37 A-5 also generates 
a pulse when the terminal 
count (TC) for any channel 
is reached. 
This generates 
an EOP__ 
signal which is output through the EOP Line. The reception 
of EOP, 
either internal or external, will cause the 82C37 A-5 to terminate 
the 
service, reset the request, and, if Autoinitialize 
is enabled, 
to write 
the base registers to the current registers of that channel. 
The mask 
bit and TC bit in the status word will be set for the currently 
active 
channel 
by EOP unless the channel 
is programmed 
for 
Autoinitialize. 
In that case, the mask bit remains unchanged. 
During 
memory-to-memory 
transfers, 
EOP will be output when the TC for 
channel 
1 occurs. 
EOP should be tied high with a pull-up resistor if it 
is not used to prevent erroneous 
end of process 
inputs. 


AO-A3 
I/O 
ADDRESS: 
The four least significant 
address 
lines are bidirectional 
three-state 
signals. In the Idle cycle they are inputs and are used by 
the CPU to address the register to be loaded or read. In the Active 
cycle they are outputs and provide the lower 4 bits of the output 
address. 


A4-A7 
0 
ADDRESS: 
The four most significant 
address 
lines are three-state 
outputs and provide 4 bits of address. These lines are enabled only 
during the DMA service. 


HRQ 
0 
HOLD REQUEST: This is the Hold Request to the CPU and is used 
to request control 
of the system bus. If the corresponding 
mask bit 
is clear, the presence 
of any valid DREQ causes 82C37 A-5 to issue 
the HRQ. After HRQ goes active at least one clock cycle (TCY) 
must occur before HLDA goes active. 


DACKO-DACK3 
0 
DMA ACKNOWLEDGE: 
DMA Acknowledge 
is used to notify the 
individual 
peripherals 
when one has been granted a DMA cycle. The 
sense of these lines is programmable. 
Reset initializes 
them to 
active low. 


AEN 
0 
ADDRESS 
ENABLE: Address 
Enable enables the 8-bit latch 
containing 
the upper 8 address 
bits onto the system address 
bus. 
AEN can also be used to disable other system bus drivers during 
DMA transfers. 
AEN is active HIGH. 


ADSTB 
0 
ADDRESS 
STROBE: The active high, Address 
Strobe is used to 
strobe the upper address byte into an external 
latch. 


MEMR 
0 
MEMORY 
READ: The Memory Read signal is an active low three- 
state output used to access data from the selected 
memory 
location 
during a DMA Read or a memory-to-memory 
transfer. 


MEMW 
0 
MEMORY 
WRITE: The Memory Write is an active low three-state 
output used to write data to the selected 
memory location 
during a 
DMA Write or a memory-to-memory 
transfer. 


PIN5 
I 
PINS: This pin should always be at a logic HIGH level. An internal 
pull-up resistor will establish 
a logic HIGH when the pin is left 
floating. 
It is recommended, 
however, 
that PIN5 be connected 
to 
Vcc· 


The 82C37A-5 block diagram includes the major log- 
ic blocks and all of the internal registers. The data 
interconnection paths are also shown. Not shown 
are the various control signals between the blocks. 
The 82C37A-5 contains 344 bits of internal memory 
in the form of registers. Figure 3 lists these registers 
by name and shows the size of each. A detailed 
description of the registers and their functions can 
be found under Register Description. 


Name 
Size 
Number 


Base Address 
Registers 
16 bits 
4 


Base Word Count 
Registers 
16 bits 
4 


Current 
Address 
Registers 
16 bits 
4 


Current 
Word Count 
Registers 
16 bits 
4 


Temporary 
Address 
Register 
16 bits 
1 
Temporary 
Word Count 
Register 
16 bits 
1 


Status 
Register 
8 bits 
1 


Command 
Register 
8 bits 
1 


Temporary 
Register 
8 bits 
1 


Mode 
Registers 
6 bits 
4 


Mask Register 
4 bits 
1 
Request 
Register 
4 bits 
1 


Figure 3. 82C37A·5lnternal 
Registers 


The 82C37A-5 contains three basic blocks of control 
logic. The Timing Control block generates internal 
timing and external control signals for the 82C37A-5. 
The Program Command Control block decodes the 
various commands given to the 82C37A-5 by the mi- 
croprocessor prior to servicing a DMA Request. It 
also decodes the Mode Control word used to select 
the type of DMA during the servicing. The Priority 
Encoder block resolves priority contention between 
DMA channels requesting service simultaneously. 


DMA Operation 


The 82C37A-5 is designed to operate in two major 
cycles. These are called Idle and Active cycles. 
Each device cycle is made up of a number of states. 
The 82C37A-5 can assume seven separate states, 
each composed of one full clock period. 8tate 1 (81) 
is 
the 
inactive 
state. 
It is 
entered 
when 
the 


82C37A-5 has no valid DMA requests pending. 
While in 81, the DMA controller is inactive but may 
be in the Program Condition, being programmed by 
the processor. 8tate 0 (80) is the first state of a 
DMA service. The 82C37A-5 has requested a hold 
but the processor has not yet returned an acknowl- 
edge. The 82C37A-5 may still be programmed until it 
receives HLDA from the CPU. An acknowledge from 
the CPU will signal that DMA transfers may begin. 
81, 82, 83 and 84 are the working states of the 
DMA service. If more time is needed to complete a 
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states (8W) can be inserted between 82 or 83 and 
84 by the use of the Ready line on the 82C37A-5. 
Note that the data is transferred directly from the 
I/O device to memory (or vice versa) with lOR and 
MEMW (or MEMR and lOW) being active at the 
same time. The data is not read into or driven out of 
the 82C37A-5 in I/O-to-memory or memory-to-I/O 
DMA transfers. 


Memory-to-memory transfers require a read-from 
and a write-to-memory to complete each transfer. 
The states, which resemble the normal working 
states, use two digit numbers for identification. Eight 
states are required for a single transfer. The first four 
states (811, 812, 813, 814) are used for the read- 
from-memory half and the last four states (821, 822, 
823,824) for the write-to-memory half of the transfer. 


When 
no 
channel 
is 
requesting 
service, 
the • 


82C37A-5 will enter the Idle cycle and perform "81" 
states. In this cycle the 82C37A-5 will sample the 
DREQ lines every clock cycle to determine if any 
channel is requesting a DMA service. The device will 
also sample C8, looking for an attempt by the micro- 
processor to write or~ad 
the internal registers of 


the 82C37A-5. When C8 is low and HLDA is low, the 
82C37A-5 enters the Program Condition. The CPU 
can now establish, change or inspect the internal 
definition of the part by reading from or writing to the 
internal registers. Address lines AO-A3 are inputs to 
the device and select which registers will be read or 
written. The lOR and lOW lines are used to select 
and time reads or writes. Due to the number and size 
of the internal registers, an internal flip-flop is used 
to generate an additional bit of address. This bit is 
used to determine the upper or lower byte of the 16- 
bit Address and Word Count registers. The flip-flop 
is reset by Master Clear or Reset. A separate soft- 
ware command can also reset this flip-flop. 


8pecial software commands can be ~xecuted by the 
82C37A-5 in the Program Condition. These com- 
mands are decoded as sets of addresses with the 
C8 and lOW. The commands do not make use of 
the data bus. Instructions include Clear First/Last 
Flip-Flop and Master Clear. 


When the 82C37A-5 is in the Idle cycle and a non- 
masked channel requests a DMA service, the device 
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ice will take place, in one of four modes: 


Single Transfer Mode - 
In Single Transfer 
mode 
the device is programmed 
to make one transfer 
only. 
The 
word 
count 
will be decremented 
and the 
ad- 
dress 
decremented 
or incremented 
following 
each 
transfer. 
When the word count "rolls over" from zero 
to FFFFH, a Terminal 
Count (TC) will cause an Auto- 
initialize 
if the channel 
has been programmed 
to do 
so. 


DREQ must be held active until DACK becomes 
ac- 
tive in order to be recognized. 
If DREQ is held active 
throughout 
the single transfer, 
HRQ will go inactive 
and release 
the bus to the system. 
It will again go 
active 
and, 
upon 
receipt 
of a new HLDA, 
another 
single transfer 
will be performed, 
in 8080A, 8085AH, 
80C88, or 80C86 system this will ensure one full ma- 
chine 
cycle 
execution' 
between 
DMA transfers. 
De- 
tails of timing between 
the 82C37 A-5 and other bus 
control 
protocols 
will depend 
upon the characteris- 
tics of the microprocessor 
involved. 


Block Transfer Mode - 
In Block 
Transfer 
mode 
the device 
is activated 
by DREQ to continue 
making 
transfers 
during 
the 
service 
until a TC, caused 
by 
word 
count 
going to FFFFH, 
or an external 
End of 
Process 
(EOP) is encountered. 
DREQ need only be 
held active 
until 
DACK 
becomes 
active. 
Again, 
an 
Autoinitialization 
will occur at the end of the service 
if the channel 
has been programmed 
for it. 


Demand Transfer Mode - 
In Demand 
Transfer 
mode the device is programmed 
to continue 
making 
transfers 
until a TC or external 
EOP is encountered 
or until 
DREQ 
goes 
inactive. 
Thus 
transfers 
may 
continue 
until the I/O device 
has exhausted 
its data 
capacity. 
After the I/O device 
has had a chance 
to 
catch 
up, 
the 
DMA 
service 
is 
re-established 
by 
means of a DREQ. During the time between 
services 
when the microprocessor 
is allowed 
to operate, 
the 
intermediate 
values 
of address 
and word count 
are 
stored in the 82C37 A-5 Current Address 
and Current 
Word 
Count 
registers. 
Only an EOP can cause 
an 
Autoinitialize 
at the end of the service. 
EOP is gener- 
ated either by TC or by an external 
signal. 


Cascade Mode - 
This 
mode 
is used to cascade 
more than one 82C37 A-5 together 
for simple system 
expansion. 
The HRQ and HLDA signals from the ad- 
ditional 
82C37 A-5 are connected 
to the DREQ and 
DACK signals 
of a channel 
of the initial 82C37 A-5. 
This allows 
the DMA requests 
of the additional 
de- 
vice 
to propagate 
through 
the 
priority 
network 
cir- 
cuitry of the preceding 
device. 
The priority 
chain 
is 
preserved 
and the new device 
must wait for its turn 
to acknowledge 
requests. 
Since the cascade 
chan- 
nel of the initial 82C37 A-5 is used only for prioritizing 
the additional 
device, it does not output any address 
I 
3-38 


d~~ic·~·.-Th~r82C37 A-5 ~iil 
~e~p~nd to DREQ 
and 
DACK but all other outputs 
except 
HRQ will be dis- 
abled. The ready input is ignored. 


Figure 4 shows two additional 
devices cascaded 
into 
an initial device 
using two of the previous 
channels. 
This 
forms 
a 
two 
level 
DMA 
system. 
More 
82C37 A-5s could 
be added 
at the second 
level by 
using the remaining 
channels 
of the first level. Addi- 


tional devices 
can also be added 
by cascading 
into 
the channels 
of the second 
level devices, 
forming 
a 
third level. 


ADDITIONAL 
DEVICES 
231202-3 


Each of the three active transfer 
modes can perform 
three 
different 
types 
of transfers. 
These 
are Read, 


Write and Verify. Write transfers 
move data from and 
I/O device to the memory 
by activating 
MEMW 
and 
lOR. Read transfers 
move data from memory 
to an 
I/O 
device 
by activating 
MEMR 
and 
lOW. 
Verify 
transfers 
are pseudo 
transfers. 
The 82C37A-5 
oper- 


ates 
as in Read 
or Write 
transfers 
generating 
ad- 
dresses, 
and responding 
to EOP, etc. However, 
the 
memory 
and 
I/O 
control 
lines 
all remain 
inactive. 
The ready input is ignored 
in verify mode. 


Memory-to-Memory - 
To perform 
block moves of 
data 
from 
one 
memory 
address 
space 
to another 


with 
a minimum 
of 
program 
effort 
and 
time, 
the 
82C37 A-5 
includes 
a memory-to-memory 
transfer 
feature. 
Programming 
a bit in the Command 
register 


selects 
channels 
0 to 1 to operate 
as memory-to- 


memory 
transfer 
channels. 
The transfer 
is initiated 
by setting 
the 
software 
DREQ 
for channel 
O. The 


82C37 A-5 
requests 
a DMA 
service 
in the 
normal 
manner. 
After 
HLDA 
is true, the device, 
using four 
state 
transfers 
in Block 
Transfer 
mode, 
reads data 
from 
the 
memory. 
The channel 
0 Current 
Address 
register 
is the source 
for the address 
used 
and is 
decremented 
or incremented 
in the normal 
manner. 
The data byte read from the memory 
is stored in the 
82C37A-5 
internal 
Temporary 
register. 
Channel 
1 


then performs 
a four -state transfer 
of the data from 
the Temporary 
register to memory using the address 


in its Current 
Address 
register 
and incrementing 
or 
decrementing 
it in the normal 
manner. 
The channel 


1 current 
Word 
Count 
is decremented. 
When 
the 
word 
count 
of channel...!-[oes 
to FFFFH, 
a TC is 
generated 
causing 
an EOP output 
terminating 
the 


service. 


Channel 
0 may be programmed 
to retain the same 
address for all transfers. 
This allows a single word to 
be written 
to a block of memory. 


The 82C37 A-5 will respond 
to external 
EOP signals 
during memory-to-memory 
transfers. 
Data compara- 


tors in block 
search 
schemes 
may use this input to 
terminate 
the service 
when 
a match 
is found. 
The 
timing 
of memory-to-memory 
transfers 
is found 
in 
Figure 
12. 
Memory-to-memory 
operations 
can 
be 
detected 
as an active AEN with no DACK outputs. 


Autoinitialize 
- 
By programming 
a bit in the Mode 
register, 
a channel 
may be set up as an Autoinitialize 
channel. 
During Autoinitialize 
initialization, 
the origi- 
nal values of the Current Address 
and Current Word 
Count 
registers 
are automatically 
restored 
from the 
Base Address 
and Base Word count registers 
of that 
channel 
following 
EOP. The base registers 
are load- 
ed simultaneously 
with the current 
registers 
by the 
microprocessor 
and remain 
unchanged 
throughout 
the DMA service. 
The mask bit is not altered 
when 


the channel 
is in Autoinitialize. 
Following 
Autoinitial- 
ize the 
channel 
is ready 
to perform 
another 
DMA 
service, without 
CPU intervention, 
as soon as a valid 
DREQ 
is detected. 
In order 
to Autoinitialize 
both 
channels 
in 
a 
memory-to-memory 
transfer, 
both 
word counts 
should be programmed 
identically. 
If in- 


terrupted 
externally, 
EOP pulses 
should 
be applied 
in both bus cycles. 


Priority 
- 
The 82C37 A-5 has two types of priority 
encoding 
available 
as software 
selectable 
options. 
The first is Fixed Priority which fixes the channels 
in 
priority 
order 
based 
upon the descending 
value 
of 


their number. The channel 
with the lowest 
priority is 
3 followed 
by 2, 1 and the highest priority channel, 
O. 


After the recognition 
of anyone 
channel 
for service, 
the 
other 
channels 
are prevented 
from 
interfering 
with that service 
until it is completed. 


The 
second 
scheme 
is Rotating 
Priority. 
The 
last 
channel 
to get service 
becomes 
the lowest 
priority 


channel 
with the others 
rotating 
accordingly. 


o 
2 ....- 
service \3..- 
service 


1 ..- 
service 
\ 
34-- 
request 
0 
2 
,0 
1 
3 
1 
2 
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With Rotating 
Priority in a single chip DMA system, 


any device 
requesting 
service 
is guaranteed 
to be 
recognized 
after 
no more than three 
higher 
priority 
services 
have 
occurred. 
This 
prevents 
anyone 
channel 
from monopolizing 
the system. 


Compressed 
Timing 
- 
In order 
to achieve 
even 
greater 
throughput 
where 
system 
characteristics 
permit, 
the 
82C37 A-5 
can 
compress 
the 
transfer 
time to two clock 
cycles. 
From Figure 
11 it can be 
seen that state S3 is used to extend the access time 
of the read pulse. 
By removing 
state 
S3, the read 
pulse width 
is made equal 
to the write 
pulse width 
and a transfer 
consists 
only of state 
S2 to change 
the address 
and state S4 to perform 
the read/write. 
S1 states will still occur when A8-A15 
need updat- 


ing 
(see 
Address 
Generation). 
Timing 
for 
com- 
pressed 
transfers 
is found in Figure 
14. 


Address 
Generation 
- 
In 
order 
to 
reduce 
pin 
count, the 82C37A-5 
multiplexes 
the eight higher or- 


der address 
bits on the data lines. State S1 is used 
to output the higher order address 
bits to an external 
latch from which they may be placed on the address 
bus. The falling edge of Address 
Strobe 
(ADSTB) 
is 
used to load these 
bits from 
the data 
lines to the 
latch. Address 
Enable 
(AEN) 
is used to enable 
the 
bits onto the address 
bus through 
a three-state 
en- 


able. The lower order address 
bits are output by the 
82C37A-5 
directly. 
Lines AO-A7 
should be connect- 
ed to the 
address 
bus. Figure 
11 shows 
the 
time 
relationships 
between 
CLK, 
AEN, 
ADSTB, 
DBO- 
DB7 and AO-A7. 


During Block and Demand 
Transfer 
mode services, 
which include 
multiple 
transfers, 
the addresses 
gen- 
erated 
will 
be sequential. 
For 
many 
transfers 
the 
data held in the external 
address 
latch 
will remain 
the same. This data need only change 
when a carry 
or borrow 
from A7 to A8 takes 
place in the normal 
sequence 
of addresses. 
To save 
time 
and 
speed 
transfers, 
the 
82C37A-5 
executes 
81 
states 
only 
when updating 
of A8-A15 
in the latch is necessary. 


This means for long services, 
81 states and Address 
Strobes 
may occur only once every 256 transfers, 
a 
savings 
of 255 clock cycles for each 256 transfers. 


Current 
Address 
Register 
- 
Each channel 
has a 
16-bit Current 
Address 
register. 
This register 
holds 


• 


inter 


the value of the address 
used during DMA transfers. 
The address 
is automatically 
incremented 
or decre- 
mented 
after ~ach transfer 
and the intermediate 
val- 
ues of the address 
are stored in the Current Address 
register during the transfer. 
This register is written 
or 
read 
by 
the 
microprocessor 
in 
successive 
8-bit 
bytes. It may also be reinitialized 
by an Autoinitialize 
back to its original 
value. 
Autoinitialize 
takes 
place 
only after an EOP. 


Current 
Word 
Register 
- 
Each channel 
has a 16- 
bit Current 
Word Count register. 
This register 
deter- 
mines the number of transfers 
to be performed. 
The 
actual number of transfers 
will be one more than the 
number programmed 
in the Current Word Count reg- 
ister (Le., programming 
a count 
of 100 will result in 
101 transfers). 
The word count is decremented 
after 
each 
transfer. 
The 
intermediate 
value 
of the word 
count 
is stored 
in the 
register 
during 
the transfer. 
When 
the value 
in the 
register 
goes 
from 
zero to 
FFFFH, a TC will be generated. 
This register is load- 
ed or read in successive 
8-bit bytes 
by the micro- 
processor 
in the 
Program 
Condition. 
Following 
the 
end of a DMA service 
it may also be reinitialized 
by 
an Autoinitialization 
back to its original 
value. Auto- 
initialize 
can occur only when an EOP occurs. 
If it is 
not Autoinitialized, 
this register 
will have a count 
of 
FFFFH after TC. 


Base Address 
and Base Word 
Count 
Registers 
- 
Each channel 
has a pair of Base Address 
and 
Base Word 
Count 
registers. 
These 
16-bit 
registers 
store 
the original 
value 
of their 
associated 
current 
registers. 
During Autoinitialize 
these values are used 
to restore 
the current 
registers 
to their original 
val- 
ues. The base 
registers 
are written 
simultaneously 
with 
their 
corresponding 
current 
register 
in 
8-bit 
bytes in the Program Condition 
by the microproces- 
sor. These 
registers 
cannot 
be read by the micro- 
processor. 


Command 
Register 
- 
This 8-bit register 
controls 
the operation 
of the 82C37 A-5. It is programmed 
by 
the microprocessor 
in the Program Condition 
and is 
cleared 
by Reset or a Master 
Clear instruction. 
The 
following 
table 
lists 
the 
function 
of the 
command 
bits. See Figure 6 for address 
coding. 


Mode 
Register 
- 
Each channel 
has a 6-bit Mode 
register associated 
with it. When the register is being 
written 
to 
by the 
microprocessor 
in the 
Program 
Condition, 
bits 
0 and 
1 determine 
which 
channel 
Mode register 
is to be written. 


Request 
Register 
- 
The 82C37 A-5 can respond 
to 
requests 
for DMA service which are initiated 
by soft- 
ware 
as well as by a DREQ. 
Each 
channel 
has a 
request 
bit associated 
with 
it in the 
4-bit 
Request 
register. These are non-maskable 
and subject to pri- 
oritization 
by the 
Priority 
Encoder 
network. 
Each 


register 
bit is set or reset separately 
under software 
control 
or is cleared 
upon generation 
of a TC or ex- 
ternal EOP. The entire register is cleared 
by a Reset. 


To set or reset a bit, the software 
loads the proper 
form of the data word. See Figure 5 for register 
ad- 


0 
Memory·to-memory 
disable 
1 
Memory·to-memory 
enable 


0 
Channel 0 addra•• hold dl.able 
1 
Channel 
0 address hold enable 
X 
If bit 0=0 


Controller 
enable 
Controller 
disable 


0 
Normal timing 
1 
Compre •• ed timing 
X 
If bit 0=1 


0 
Fixed priority 
1 
Rotating 
priority 


0 
Late write selection 
1 
Extended 
write selection 
X 
If b1t3=1 


DREQ .en.e 
active high 
DREa sense 
active 
low 


0 
DACK 
sense 
active 
low 
1 
DACK .ense active high 


00 
Verify transfer 
01 
Write transfer 
10 
Read transfer 
11 Illegal 
XX If bit. 6 and 7= 11 


00 
Demand mode select 
01 
Single mode .elect 
10 
Block mode .elect 
11 
cascade mode select 


Request 
Register 


785432 


Mask 
Register 
- 
Each 
channel 
has 
associated 
with it a mask bit which 
can be set to disable 
the 
incoming 
DREQ. Each mask bit is set when its asso- 
ciated 
channel 
produces 
an EOP if the channel 
is 
not programmed 
for Autoinitialize. 
Each bit of the 4- 
bit Mask register 
may also be set or cleared 
sepa- 
rately 
under 
software 
control. 
The entire 
register 
is 
also set by a Reset. This disables 
all DMA requests 
until a clear Mask register 
instruction 
allows them to 
occur. 
The instruction 
to separately 
set or clear the 
mask 
bits 
is similar 
in form 
to that 
used 
with 
the 
Request 
register. 
See 
Figure 
5 for 
instruction 
ad- 
dressing. 


Li 


00 
Select channel 0 mask bit 
01 Select channell 
mask bit 
10 
Select channel 
2 mask bit 
11 
Select channel 
3 mask bit 


All four bits of the Mask register 
may also be written 
with a single command. 


o 
Clear channel 
3 mask bit 
1 
Set channel 3 mask bit 
231202-7 


Register 
Operation 
Signals 


CS 
lOR 
lOW 
A3 
A2 
A1 
AO 


Command 
Write 
0 
1 
0 
1 
0 
0 
0 
Mode 
Write 
0 
1 
0 
1 
0 
1 
1 
Request 
Write 
0 
1 
0 
1 
0 
0 
1 
Mask 
Set/Reset 
0 
1 
0 
1 
0 
1 
0 
Mask 
Write 
0 
1 
0 
1 
1 
1 
1 
Temporary 
Read 
0 
0 
1 
1 
1 
0 
1 
Status 
Read 
0 
0 
1 
1 
0 
0 
0 
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to be read out of the 82C37 A-5 by the microproces- 
sor. It contains 
information 
about 
the status 
of the 
devices at this point. This information 
includes 
which 
channels 
have reached 
a terminal 
count 
and which 
channels 
have pending 
DMA requests. 
Bits 0-3 
are 
set every time a TC is reached 
by that channel 
or an 
external 
EOP is applied. These bits are cleared 
upon 
Reset 
and on each 
Status 
Read. 
Bits 4-7 
are set 
whenever 
their corresponding 
channel 
is requesting 
service. 


Channel 0 has reached TC 
Channel 1 has reached TC 
Channel 2 has reached Te 
Channel 3 has reached Te 


Channel 0 request 
Channell 
request 
Channel 2 request 
Channel 3 request 
231202-8 


Temporary 
Register 
- 
The Temporary 
register 
is 
used to hold data during 
memory-to-memory 
trans- 
fers. Following 
the completion 
of the transfers, 
the 
last word moved can be read by the microprocessor 
in the 
Program 
Condition. 
The Temporary 
register 
always contains 
the last byte transferred 
in the previ- 
ous 
memory-to-memory 
operation, 
unless 
cleared 
by a Reset. 


Software 
Commands 
- 
These 
are additional 
spe- 
cialsoftware 
commands 
which 
can be executed 
in 
the Program 
Condition. 
They do not depend 
on any 
specific 
bit pattern 
on the data bus. The three 
soft- 
ware commands 
are: 


Clear First/Last 
Flip-Flop: 
This command 
is exe- 
cuted 
prior to writing 
or reading 
new address 
or 
word count 
information 
to the 82C37 A-5. This ini- 
tializes the flip-flop 
to a known state so that subse- 
quent accesses 
to register 
contents 
by the micro- 
processor 
will address 
upper 
and 
lower 
bytes 
in 
the correct 
sequence. 


Master 
Clear: 
This 
software 
instruction 
has 
the 
same 
effect 
as the 
hardware 
Reset. 
The 
Com- 
mand, 
Status, 
Request, 
Temporary, 
and 
Internal 
First/Last 
Flip-Flop 
registers 
are cleared 
and the 
Mask register 
is set. The 82C37 A-5 will enter 
the 
Idle cycle. 


Clear 
Mask 
Register: 
This 
command 
clears 
the 
mask 
bits of all four 
channels, 
enabling 
them 
to 
accept 
DMA requests. 


inter 


Figure 
6 lists 
the 
address 
codes 
for the 
software 
commands: 


Signals 
Operation 
A3 
A2 
Al 
AO 
lOR 
lOW 


1 
0 
0 
0 
0 
1 
Read Status Register 


1 
0 
0 
0 
1 
0 
Write Command Register 


1 
0 
0 
1 
0 
1 
Illegal 


1 
0 
0 
1 
1 
0 
Write Request Register 


1 
0 
1 
0 
0 
1 
Illegal 


1 
0 
1 
0 
1 
0 
Write Single Mask Register Bit 


1 
0 
1 
1 
0 
1 
Illegal 


1 
0 
1 
1 
1 
0 
Write Mode Register 


1 
1 
0 
0 
0 
1 
Illegal 


1 
1 
0 
0 
1 
0 
Clear Byte Pointer Flip-Flop 


1 
1 
0 
1 
0 
1 
Read Temporary Register 


1 
1 
0 
1 
1 
0 
Master Clear 


1 
1 
1 
0 
0 
1 
Iilegal 


1 
1 
1 
0 
1 
0 
Clear Mask Register 


1 
1 
1 
1 
0 
1 
Iilegal 


1 
1 
1 
1 
1 
0 
Write All Mask Register Bits 


The 
82C37 A-5 
will 
accept 
programming 
from 
the 
host processor 
any time that HLDA is inactive; this is 
true even if HRQ is active. 
The responsibility 
of the 
host is to assure 
that 
programming 
and HLDA 
are 
mutually 
exclusive. 
Note that a problem 
can occur if 
a DMA 
request 
occurs, 
on an unmasked 
channel 


while 
the 
82C37 A-5 is being 
programmed. 
For in- 
stance, 
the CPU may be starting 
to reprogram 
the 
two byte Address 
register 
of channel 
1 when chan- 
nel 1 receives 
a DMA request. 
If the 82C37 A-5 is 
enabled 
(bit 2 in the 
command 
register 
is 0) and 
channel 
1 is unmasked, 
a DMA 
service 
will occur 
after only one byte of the Address 
register 
has been 
reprogrammed. 
This can be avoided 
by disabling 
the 
controller 
(setting 
bit 2 in the command 
register) 
or 
masking 
the channel 
before 
programming 
any other 
registers. 
Once 
the 
programming 
is complete, 
the 
controller 
can be enabled/unmasked. 


Channel 
Register 
Operation 
Signals 
Internal 
Flip-Flop 
Data Bus DBD-DB7 
CS 
lOR 
'OW 
A3 
A2 
A1 
AD 


0 
Base and Current Address 
Write 
0 
1 
0 
0 
0 
0 
0 
0 
AO-A? 
0 
1 
0 
0 
0 
0 
0 
1 
A8-A15 
Current 
Address 
Read 
0 
0 
1 
0 
0 
0 
0 
0 
AO-A7 
0 
0 
1 
0 
0 
0 
0 
1 
A8-A15 
Base and Current Word Count 
Write 
0 
1 
0 
0 
0 
0 
1 
0 
WO-W7 
0 
1 
0 
0 
0 
0 
1 
1 
W8-W15 
Current Word Count 
Read 
0 
0 
1 
0 
0 
0 
1 
0 
WO-W? 
0 
0 
1 
0 
0 
0 
1 
1 
W8-W15 


1 
Base and Current Address 
Write 
0 
1 
0 
0 
0 
1 
0 
0 
AO-A? 
0 
1 
0 
0 
0 
1 
0 
1 
AB-A15 
Current Address 
Read 
0 
0 
1 
0 
0 
1 
0 
0 
AO-A? 
0 
0 
1 
0 
0 
1 
0 
1 
A8-A15 
Base and Current Word Count 
Write 
0 
1 
0 
0 
0 
1 
1 
0 
WO-W7 
0 
1 
0 
0 
0 
1 
1 
1 
W8-W15 
Current Word Count 
Read 
0 
0 
1 
0 
0 
1 
1 
0 
WO-W7 
0 
0 
1 
0 
0 
1 
1 
1 
W8-W15 


2 
Base and Current Address 
Write 
0 
1 
0 
0 
1 
0 
0 
0 
AO-A? 
0 
1 
0 
0 
1 
0 
0 
1 
A8-A15 
Current 
Address 
Read 
0 
0 
1 
0 
1 
0 
0 
0 
AO-A? 
0 
0 
1 
0 
1 
0 
0 
1 
A8-A15 
Base and Current Word Count 
Write 
0 
1 
0 
0 
1 
0 
1 
0 
WO-W? 
0 
1 
0 
0 
1 
0 
1 
1 
W8-W15 
Current 
Word Count 
Read 
0 
0 
1 
0 
1 
0 
1 
0 
WO-W? 
0 
0 
1 
0 
1 
0 
1 
1 
W8-W15 
3 
Base and Current Address 
Write 
0 
1 
0 
0 
1 
1 
0 
0 
AO-A7 
0 
1 
0 
0 
1 
1 
0 
1 
A8-A15 
Current 
Address 
Read 
0 
0 
1 
0 
1 
1 
0 
0 
AO-A? 
0 
0 
1 
0 
1 
1 
0 
1 
A8-A15 
Base and Current 
Word Count 
Write 
0 
1 
0 
0 
1 
1 
1 
0 
WO-W? 
0 
1 
0 
0 
1 
1 
1 
1 
W8-W15 
Current Word Count 
Read 
0 
0 
1 
0 
1 
1 
1 
0 
WO-W? 
0 
0 
1 
0 
1 
1 
1 
1 
W8-W15 


Figure 
7. Word 
Count 
and Address 
Register 
Command 
Codes 
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After power-up it is suggested that all internal loca- 
tions, especially the Mode registers, be loaded with 
some valid value. This should be done even if some 
channels are unused. 


from a peripheral device. When the processor re- 
plies with a HLDA signal, the 82C37A-5 takes con- 
trol of the address bus, the data bus and the control 
bus. The address for the first transfer operation 
comes out in two bytes - 
the least significant 8 bits 
on the eight address outputs and the most signifi- 
cant 8 bits on the data bus. The contents of the data 
bus are then latched into the 8-bit latch to complete 
the full 16 bits of the address bus. After the initial 
transfer takes place, the latch is updated only after a 
carry or borrow is generated in the least significant 
address byte. Four DMA channels are provided 
when one 82C37A-5 is used. 


Figure 8 shows a convenient method for configuring 
a DMA system with the 82C37A-5 controller and an 
8080A/8085AH 
microprocessor system. The multi- 
mode DMA controller issues a HRQ to the processor 
whenever there is at least one valid DMA request 


• 
ADDRESS 
IUS 
AO-A,15 
, 


..• 
r 


A8-"15 
- 
•.... 
m: 


I 


•... 
,·BIT LATCH 


I 


S1B 


AO~A15 
AEN 
AO-A,3 
A4-A7 
CS 
ADSTB 


BUSEN 
J 
• 
HLDA 
HlDA 
.2CJ7A-I 
080- 
~ 
'" 
OBI 


HOLD 
HRQ 
l;; 
~ I 
8 
~ 
~ 
r 
" 
::l 
~ ~ 
i:! 
u 
~ 
c 
U 
II: 
0 
0 
CPU 
I I 
ff 
CLOCK 


RESET- 
MEMW 
loo~' 
iOTl 
BUS 


illW 


080·087 


~ 
I 
SYSTEM 
DATA BUS 
) 


• 


inter 


NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings only. Operation 
beyond 
the 


"Operating 
Conditions" 
is not recommended 
and ex- 


tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


Ambient 
Temperature 
under Bias 
O°C to 70°C 


Case Temperature 
O°C to + 75°C 


Storage Temperature 
- 55°C to + 150°C 


Voltage 
on Any Pin with 
Respect 
to Ground 
- 0.5V to + 7V 


Power Dissipation 
1.0 Watt 


D.C. CHARACTERISTICS 
TA = O°C to 70°C, TeASE = O°C to 75°C, Vee = + 5.0V 
± 5%, GND = OV 


Symbol 
Parameter 
Min 
Typ 
Max 
Unit 
Test Conditions 


VOH 
Output High Voltage 
3.7 
V 
IOH = -1.0 
mA 


VOL 
Output LOW Voltage 
0.40 
V 
IOL = 3.2 mA 


VIH 
Input HIGH Voltage 
2.2 
Vee + 0.5 
V 


VIL 
Input LOW Voltage 
-0.5 
0.8 
V 


III 
Input Load Current 
±10 
p,A 
OV,,; VIN ,,; Vee 


ILO 
Output Leakage Current 
±10 
p,A 
OV ,,; VOUT ,,; Vee 


Ice 
Vee Supply Current 
10 
mA 
(Note 1) 


Ices 
Standby Supply Current 
10 
p,A 
HLDA = OV, VIL = OV, 


VIH = Vee 


Co 
Output Capacitance 
4 
8 
pF 


CI 
Input Capacitance 
8 
15 
pF 
fc = 1.0 MHz, Inputs = OV 


CIO 
I/O Capacitance 
10 
18 
pF 
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A.C. CHARACTERISTICS-DMA 
(MASTER) MODE 
TA = O·C to 70·C, TCASE = O·C to 75·C, Vcc 
= + 5V ± 5%, GND = OV 


Symbol 
Parameter 
Min 
Max 
Unit 


TAEl 
AEN HIGH from ClK 
lOW 
(S1) Delay Time 
200 
ns 


TAET 
AEN lOW 
from ClK 
HIGH (SI) Delay Time 
130 
ns 


TAFAB 
ADR Active to Float Delay from ClK 
HIGH 
90 
ns 


TAFC 
READ or WRITE Float from ClK 
HIGH 
120 
ns 


TAFDB 
DB Active to Float Delay from ClK 
HIGH 
170 
ns 


TAHR 
ADR from READ HIGH Hold Time 
TCY-100 
ns 


TAHS 
DB from ADSTB lOW 
Hold Time 
30 
ns 


TAHW 
ADR from WRITE HIGH Hold Time 
TCY-50 
ns 


TAK 
DACK Valid from ClK 
lOW 
Delay Time (Note 3) 
170 
ns 


EOP HIGH from ClK 
HIGH Delay Time (Note 4) 
170 
ns 


EOP lOW 
from ClK 
HIGH Delay Time 
170 
ns 


TASM 
ADR Stable from ClK 
HIGH 
170 
ns 


TASS 
DB to ADSTB lOW 
Setup Time 
100 
ns 


TCH 
Clock High Time (Transitions:<;; 10 ns) 
68 
ns 


TCl 
Clock lOW 
Time (Transitions:<;; 10 ns) 
68 
ns 


TCY 
ClK 
Cycle Time 
200 
ns 


TDCl 
ClK 
HIGH to READ or WRITE lOW 
Delay (Note 2) 
190 
ns 


TDCTR 
READ HIGH from ClK 
HIGH 
190 
ns 
(S4) Delay Time (Note 2) 


TDCTW 
WRITE HIGH from ClK 
HIGH 
130 
ns 
(S4) Delay Time (Note 2) 


TDQ1 
HRQ Valid from ClK 
HIGH Delay Time 
120 
ns 


TEPS 
EOP lOW 
from ClK 
lOW 
Setup Time 
40 
ns 


TEPW 
EOP Pulse Width 
220 
ns 


TFAAB 
ADR Float to Active Delay from ClK 
HIGH 
170 
ns 


TFAC 
READ or WRITE Active from ClK 
HIGH 
150 
ns 


TFADB 
DB Float to Active Delay from ClK 
HIGH 
200 
ns 


THS 
HlDA 
Valid to ClK 
HIGH Setup Time 
75 
ns 


TIDH 
Input Data from MEMR HIGH Hold Time 
0 
ns 


TIDS 
Input Data to MEMR HIGH Setup Time 
170 
ns 


TODH 
Output Data from MEMW HIGH Hold Time 
10 
ns 


TODV 
Output Data Valid to MEMW HIGH 
125 
ns 


TQS 
DREQ to ClK 
lOW 
(SI, S4) Setup Time (Note 3) 
0 
ns 


TRH 
ClK 
to READY lOW 
Hold Time 
20 
ns 


TRS 
READY to ClK 
LOW Setup Time 
60 
ns 


TSTl 
ADSTB HIGH from ClK 
HIGH Delay Time 
130 
ns 


TSn 
ADSTB lOW 
from ClK 
HIGH Delay Time 
90 
ns 
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Symbol 
Parameter 
.. 
Min 
Max 
Unit 


TAR 
ADR Valid or CS LOW to READ LOW 
50 
ns 


TAW 
ADR Valid to WRITE HIGH Setup Time 
130 
ns 


TCW 
CS LOW to WRITE HIGH Setup Time 
130 
ns 


TDW 
Data Valid to WRITE HIGH Setup Time 
130 
ns 


TRA 
ADR or CS Hold from READ HIGH 
0 
ns 


TRDE 
Data Access from READ LOW 
140 
ns 


TRDF 
DB Float Delay from READ HIGH 
0 
70 
ns 


TRSTD 
Power Supply HIGH to RESET LOW Setup Time 
500 
ns 


TRSTS 
RESET to First IOWR 
2TCY 
ns 


TRSTW 
RESET Pulse Width 
300 
ns 


TRW 
READ Width 
200 
ns 


TWA 
ADR from WRITE HIGH Hold Time 
20 
ns 


TWC 
CS HIGH from WRITE HIGH Hold Time 
20 
ns 


TWD 
Data from WRITE HIGH Hold Time 
30 
ns 


TWWS 
Write Width 
160 
ns 


NOTES: 
1. Input frequency 
5 MHz, when 
RESET, 
VIN = OVNee, CL = 0 pF. 
2. The net lOW or MEMW 
Pulse width for normal 
write will be TCY-100 
ns and for extended 
write will be 2TCY-100 
ns. The 
net lOR or MEMR 
pulse width for normal 
read will be 2TCY-50 
ns and for compressed 
read will be TCY-50 
ns. 
3. DREQ and DACK signals 
may be active 
high or active 
low. Timing 
diagrams 
assume 
the active 
high mode for DREQ and 
active 
low for DACK. 


4. EOP is an open collector 
output. 
This parameter 
assumes 
the presence 
of a 2.2K pullup 
to Vee. 


2.' =x.. 
~1'. 
_ 
TEST 
POINTS 
-+ 


0.45 
--------- 
231202-11 
A.e. Testing: 
Inputs 
are driven 
at 2.4V for a Logic "1" and 0.45V 
for a Logic 
"0." 
All timing 
measurements 
are made 
at 1.5V. 
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WAVEFORMS 
(Continued) 
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1. The 
"PRELIMINARY" 
markings 
have 
been 
re- 
moved 
from the data sheet. The 82C37 A-5 is no 
longer a preliminary 
part. 


2. A section 
of the Functional 
Description 
describing 
82C37 A-5 operation 
with the 8085 CPU has been 
deleted. 


The 
following 
list 
represents 
key 
differences 
be- 
tween 
this and the -004 data sheet. 
Please 
review 
this summary 
carefully. 


8253/8253·5 
PROGRAMMABLE 
INTERVAL TIMER 


• 
MCS-85™ 
Compatible 
8253-5 


• 
3 Independent 
16-Bit Counters 


• 
DC to 2.6 MHz 


• 
Programmable 
Counter 
Modes 


• 
Count Binary or BCD 


• 
Single + 5V Supply 


• 
Available 
in EXPRESS 
- 
Standard 
Temperature 
Range 
- 
Extended 
Temperature 
Range 


The Intel@8253 is a programmable counter/timer device designed for use as an Intel microcomputer peripher- 
al. It uses NMOS technology with a single + 5V supply and is packaged in a 24-pin plastic DIP. 


It is organized as 3 independent 16-bit counters, each with a count rate of up to 2.6 MHz. All modes of 
operation are software programmable. 


CLK 0 
DATA 
COUNTER 
0, 
Do 
BUS 
GATE 0 
BUFFER 
00 


OUT 0 


0, 
vcc 


RD 
06 
WR 
CLK 1 
WR 
READI 
05 
RD 
WRITE 
GATE 1 
CS 
Ao 
LOGIC 
D. 


OUT 1 
D3 
A, 
A, 
O2 
Ao 


0, 
CLK 2 


CS 
Do 
OUT 2 


ClK 
0 
GATE 2 


OUTO 
CLK 1 
CLK 2 
CONTROL 
GATE 0 
GATE 1 
WORD 
COUNTER 


REGISTER 
=2 
GATE 2 
GND 
OUT 1 


OUT 2 
231306-2 


Figure 2. Pin Configuration 


INTERNAL 
BUS / 


231306-1 
Figure 1. Block Diagram 


inter 


The 
8253 
is programmable 
interval 
timer/counter 
specifically 
designed 
for use with the Intel™ 
Micro- 
computer 
systems. 
Its function 
is that of a general 
purpose, 
multi-timing 
element 
that can be treated 
as 
an array of I/O ports in the system 
software. 


The 8253 solves one of the most common 
problems 
in any microcomputer 
system, 
the generation 
of ac- 
curate time delays under software 
control. 
Instead of 
setting up timing loops in systems 
software, 
the pro- 
grammer 
configures 
the 8253 to match 
his require- 
ments, 
initializes 
one 
of the counters 
of the 8253 
with the desired 
quantity, 
then 
upon command 
the 
8253 will count out the delay and interrupt 
the CPU 
when it has completed 
its tasks. It is easy to see that 
the software 
overhead 
is minimal 
and that 
multiple 
delays 
can easily 
be maintained 
by assignment 
of 
priority 
levels. 


Other 
counter/timer 
functions 
that are non-delay 
in 
nature 
but also 
common 
to most 
microcomputers 
can be implemented 
with the 8253. 


• 
Programmable 
Rate Generator 


• 
Event Counter 


• 
Binary Rate Multiplier 


• 
Real Time Clock 


• 
Digital One-Shot 


• 
Complex 
Motor Controller 


The 3-state, 
bi-directional, 
8-bit buffer 
is used to in- 
terface 
the 
8253 
to the 
system 
data 
bus. Data 
is 
transmitted 
or received 
by the buffer upon execution 
of INput or OUTput 
CPU instructions. 
The Data Bus 
Buffer has three basic functions. 


1. Programming 
the MODES 
of the 8253. 
2. Loading the count registers. 
3. Reading 
the count values. 


The Read/Write 
Logic accepts 
inputs from the sys- 
tem 
bus anq 
in turn 
generates 
control 
signals 
for 
overall device operation. 
It is enabled 
or disabled 
by 
CS so that 
no operation 
can occur 
to change 
the 
function 
unless the device has been selected 
by the 
system 
logic. 


A "low" 
on this input informs 
the 8253 that the CPU 
is inputting 
data in the form of a counters 
value. 


A "low" 
on this input informs 
the 8253 that the CPU 
is outputting 
data in the form of mode information 
or 
loading 
counters. 


These inputs are normally 
connected 
to the address 
bus. Their function 
is to select one of the three coun- 
ters to be operated 
on and to address 
the control 
word register 
for mode selection. 


A "low" 
on this input enables 
the 8253. No reading 
or writing 
will occur 
unless 
the device 
is selected. 


The CS input has no effect 
upon the actual 
opera- 
tion of the counters. 


eLK 0 
0,- 
D. 
GATE 0 


aUTO 


lID 


ViR 
eLK 1 


GATEl 
"0 
OUT' 
A, 


cs 


elK 2 


GATE 2 


OUT 2 


Figure 3. Block Diagram Showing 
Data Bus 
Buffer and Read/Write 
Logic Functions 
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CS 
RD 
WR 
A1 
Ao 


0 
1 
0 
0 
0 
Load Counter No. 0 


0 
1 
0 
0 
1 
Load Counter 
No.1 


0 
1 
0 
1 
0 
Load Counter 
NO.2 


0 
1 
0 
1 
1 
Write Mode Word 


0 
0 
1 
0 
0 
Read Counter 
No. 0 


0 
0 
1 
0 
1 
Read Counter No.1 


0 
0 
1 
1 
0 
Read Counter No.2 


0 
0 
1 
1 
1 
No-Operation 
3-State 


1 
X 
X 
X 
X 
Disable 3-State 


0 
1 
1 
X 
X 
No-Operation 
3-State 


The Control 
Word Register 
is selected 
when AO, A 1 
are 11. It then accepts 
information 
from the data bus 
buffer 
and 
stores 
it in a register. 
The 
information 
stored 
in this register 
controls 
the operation 
MODE 
of each counter, 
selection 
of binary or BCD counting 
and the loading 
of each count 
register. 


The Control 
Word Register 
can only be written 
into; 
no read operation 
of its contents 
is available. 


These three functional 
blocks 
are identical 
in opera- 
tion so only a single counter 
will be described. 
Each 
Counter 
consists 
of a single, 
16-bit, 
pre-settable, 
DOWN 
counter. 
The counter 
can operate 
in either 
binary or BCD and its input, gate and output are con- 
figured 
by the 
selection 
of 
MODES 
stored 
in the 
Control 
Word Register. 


The 
counters 
are fully 
independent 
and each 
can 
have separate 
MODE configuration 
and counting 
op- 
eration, 
binary or BCD. Also, there 
are special 
fea- 
tures in the control 
word that handle 
the loading 
of 
the count 
value 
so that software 
overhead 
can be 
minimized 
for these functions. 


The reading of the contents 
of each counter 
is avail- 
able to the 
programmer 
with 
simple 
READ 
opera- 
tions 
for 
event 
counting 
applications 
and 
special 
commands 
and 
logic 
are included 
in the 
8253 
so 
that the contents 
of each counter 
can be read "on 
the fly" without 
having to inhibit the clock 
input. 


The 8253 is a component 
of the Intel™ 
Microcom- 
puter systems 
and interfaces 
in the same manner as 
all other peripherals 
of the family. It is treated 
by the 


systems 
software 
as 
an 
array 
of 
peripheral 
I/O 
ports; three are counters 
and the fourth 
is a control 
register for MODE programming. 


Basically, 
the select 
inputs 
AO, A 1 connect 
to the 
AO, A1 address 
bus signals of the CPU. The CS can 
be derived 
directly 
from the address 
bus using a lin- 
ear select 
method. 
Or it can be connected 
to the 
output of a decoder, 
such as an Intel 8205 for larger 
systems. 


eLK 0 


GATE 0 


OUTO 


jjjj 


WR 
elK 1 


GATE 1• 


"0 
OUT 1 


A, 


cs 


eLK 2 


GATE 2 


OUT 2 


Figure 4. Block Diagram 
Showing 
Control 
Word 
Register 
and Counter 
Functions 
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The 
complete 
functional 
definition 
of the 
8253 
is 
programmed 
by the systems 
software. 
A set of con- 
trol words must be sent out by the CPU to initialize 
each 
counter 
of the 8253 
with the desired 
MODE 
and 
quantity 
information. 
Prior to initialization, 
the 
MODE, 
count, 
and output 
of all counters 
is unde- 
fined. 
These 
control 
words 
program 
the 
MODE, 
Loading 
sequence 
and selection 
of binary 
or BCD 
counting. 


Once 
programmed, 
the 
8253 
is ready 
to 
perform 
whatever 
timing tasks it is assigned 
to accomplish. 


The 
actual 
counting 
operation 
of each 
counter 
is 
completely 
independent 
and additional 
logic is pro- 
vided on-chip 
so that the usual problems 
associated 
with efficient 
monitoring 
and management 
of exter- 
nal, asynchronous 
events 
or rates to the microcom- 
puter system 
have been eliminated. 


All of the MODES for each counter 
are programmed 
by the systems 
software 
by simple 
I/O operations. 


Each counter 
of the 8253 is individually 
programmed 
by writing a control 
word into the Control 
Word Reg- 
ister. (AO, A1 = 11) 


0 
0 
Select Counter 0 


0 
1 
Select Counter 
1 


1 
0 
Select Counter 2 


1 
1 
Illegal 


RL-READ/LOAD: 


RL1 
RLO 


0 
0 
Counter 
Latching 
operation 
(see 
READ/WRITE 
Procedure 
Section). 


1 
0 
Read/Load 
most significant 
byte only. 


0 
1 
Read/Load 
least significant 
byte only. 


1 
1 
Read/Load 
least significant 
byte first, 
then most significant 
byte. 


M-MODE: 


M2 


0 
0 
0 
Mode 0 


0 
0 
1 
Mode 1 


X 
1 
0 
Mode 2 


X 
1 
1 
Mode 3 


1 
0 
0 
Mode 4 


1 
0 
1 
Mode 5 


0 
Binary Counter 
16-Bits 


1 
Binary Coded Decimal 
(BCD) Counter 
(4 Decades) 


Counter Loading 


The count register is not loaded until the count value 
is written 
(one or two bytes, depending 
on the mode 
selected 
by the RL bits), followed 
by a rising edge 
and a falling edge of the clock. Any read of the coun- 
ter prior to that falling 
clock 
edge may yield invalid 
data. 


MODE 0: Interrupt on Terminal Count. The output 
will be initially low after the mode set operation. 
After 
the count 
is loaded 
into the selected 
count 
register, 


the output will remain low and the counter 
will count. 


When 
terminal 
count 
is reached, 
the output 
will go 
high and remain 
high until the selected 
count 
regis- 


ter is reloaded 
with the mode or a new count is load- 
ed. The counter 
continues 
to decrement 
after termi- 
nal count 
has been reached. 


Rewriting 
a counter 
register 
during 
counting 
results 
in the following: 


(1) Write 1st byte stops the current 
counting. 


(2) Write 2nd byte starts the new count. 


MODE 
1: Programmable 
One-Shot. 
The output will 
go low on the count following 
the rising edge of the 
gate input. 


The output 
will go high on the terminal 
count. 
If a 
new count value is loaded 
while the output 
is low it 
will not affect the duration 
of the one-shot 
pulse until 


- the 
succeeding 
trigger. 
The 
current 
count 
can 
be 
read 
at 
any 
time 
without 
affecting 
the 
one-shot 
pulse. 


The one-shot 
is retriggerable, 
hence 
the output 
will 
remain 
low for the full count after any rising edge of 


the gate input. 


MODE 2: Rate Generator. 
Divide by N counter. 
The 
output 
will be low for one period of the input clock. 


The period from one output pulse to the next equals 
the number 
of input counts 
in the count 
register. 
If 
the count register is reloaded 
between 
output pulses 
the present 
period will not be affected, 
but the sub- 
sequent 
period will reflect 
the new value. 


The gate input, when low, will force the output 
high. 


When the gate input goes high, the counter 
will start 
from 
the initial 
count. 
Thus, 
the gate input 
can be 
used to synchronize 
the counter. 


When 
this mode 
is set, the output 
will remain 
high 
until after 
the count 
register 
is loaded. 
The output 
then can also be synchronized 
by software. 


MODE 3: Square 
Wave 
Rate Generator. 
Similar to 
MODE 2 except that the output will remain high until 
one 
half the 
count 
has been 
completed 
(or even 
numbers) 
and go low for the other half of the count. 


This is accomplished 
by decrementing 
the counter 
by two on the falling edge of each clock pulse. When 
the counter 
reaches 
terminal 
count, the state of the 
output 
is changed 
and the counter 
is reloaded 
with 
the full count and the whole 
process 
is repeated. 


If the count 
is odd and the output 
is high, the first 


clock 
pulse 
(after the count 
is loaded) 
decrements 
the count by 1. Subsequent 
clock pulses decrement 
the clock 
by 2. After 
timeout, 
the output 
goes 
low 
and the full count 
is reloaded. 
The first clock 
pulse 
(following 
the reload) 
decrements 
the counter 
by 3. 


Subsequent 
clock 
pulses decrement 
the count 
by 2 
until timeout. 
Then the whole process 
is repeated. 
In 
this way, if the count 
is odd, the output 
will be high 
for (N + 1)/2 counts 
and low for (N - 
1)/2 counts. 


In Modes 
2 and 3, if a ClK 
source 
other 
than the 
system clock is used, GATE should be pulsed imme- 
diately following 
WR of a new count value. 


MODE 
4: Software 
Triggered 
Strobe. 
After 
the 
mode is set, the output will be high. When the count 
is loaded, 
the counter 
will begin counting. 
On termi- 
nal count, the output will go low for one input clock 
period, then will go high again. 


If the count register 
is reloaded 
during counting, 
the 
new count will be loaded on the next ClK pulse. The 
count will be inhibited 
while the GATE input is low. 


MODE 5: Hardware 
Triggered 
Strobe. 
The counter 
will start counting 
after the rising edge of the trigger 
input and will go low for one clock 
period when the 
terminal 
count is reached. 
The counter 
is retriggera- 
ble. The 
output 
will not go low until the full count 
after the rising edge of any trigger. 


Signal 
Low 
Status 
Or Going 
Rising 
High 
Modes 
Low 


0 
Disables 
- 
Enables 
counting 
counting 


1 
- 
1) Initiates 
- 
counting 
2) Resets output 
after next 
clock 


2 
1) Disables 
1) Reloads 
Enables 
counting 
counter 
counting 
2) Sets output 
2) Initiates 
immediately 
counting 
high 


3 
1) Disables 
1) Reloads 
Enables 
counting 
counter 
counting 
2) Sets output 
2) Initiates 
immediately 
counting 
high 


4 
Disables 
- 
Enables 
counting 
counting 


5 
- 
Initiates 
- 
counting 


• 


i 
I 
WR"n~ 
, 
I 
•• 
3 
2 
1 
0 


OUTPUT 
(INTERRUPTI 
I 
-, ------ 


(n-4) 
~n~ , 
, 


'Wftm 
, 
, 


I 
, 
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...•• 
IL-.J~-'---- 
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.• 
3 
2 
1 
0 
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~ 
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'-v-' 
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A 
• 


~ 
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OUTPUT 
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_ 
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MODE 2: RATE GENERATOR 
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.• 
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0 
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~ 
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OUTPUT 
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The systems 
software 
must program 
each 
counter 
of the 8253 with the mode and quantity 
desired. The 
programmer 
must 
write 
out to the 
8253 
a MODE 
control 
word and the programmed 
number 
of count 
register 
bytes (1 or 2) prior to actually 
using the se- 
lected counter. 


. The actual order of the programming 
is quite flexible. 
Writing out of the MODE control 
word can be in any 
sequence 
of 
counter 
selection, 
e.g., 
counter 
#0 
does 
not have to be first or counter 
# 2 last. Each 
counter's 
MODE 
control 
word 
register 
has a sepa- 
rate 
address 
so that 
its loading 
is completely 
se- 
quence 
independent. 
(SCO, SC1). 


The 
loading 
of the Count 
Register 
with the actual 
count 
value, 
however, 
must be done 
in exactly 
the 
sequence 
programmed 
in the 
MODE 
control 
word 
(RLO, RL1). This loading 
of the counter's 
count reg- 
ister 
is still sequence 
independent 
like the 
MODE 
control 
word loading, but when a selected 
count reg- 
ister is to be loaded 
it must be loaded with the num- 
ber of bytes programmed 
in the MODE control 
word 
(RLO, RL 1). The one or two bytes to be loaded in the 
count 
register 
do not have to follow 
the associated 
MODE 
control 
word. 
They 
can 
be programmed 
at 
any time following 
the MODE 
control 
word 
loading 
as long as the correct 
number 
of bytes .is loaded 
in 
order. 


All 
counters 
are 
down 
counters. 
Thus, 
the 
value 
loaded 
into the count register 
will actually 
be decre- 
mented. 
Loading 
all zeros 
into a count 
register 
will 
result 
in the maximum 
count 
(216 for Binary or 104 
for BCD). In MODE 0 the new count 
will not restart 
until the load has been completed. 
It will accept 
one 
of two bytes depending 
on how the MODE 
control 
words 
(RLO, RL 1) are programmed. 
Then 
proceed 
with the restart 
operation. 


. 
Counter n 


LSB 
Counter 
Register 
byte 
Counter n 


MSB 
Counter 
Register 
byte 
Counter n 


NOTE: 
Format 
shown 
is a simple 
example 
of loading 
the 8253 
and does not imply that it is the only format 
that can be 
used. 


A1 
AO 


MODE Control Word 
1 
1 
Counter 0 


MODE Control Word 
1 
1 
Counter 
1 


MODE Control Word 
1 
1 
Counter 2 


LSB 
Count Register 
Byte 
0 
1 
Counter 
1 


MSB 
Count Register 
Byte 
0 
1 
Counter 
1 


LSB 
Count Register 
Byte 
1 
0 
Counter 2 


MSB 
Count Register 
Byte 
1 
0 
Counter 2 


LSB 
Count Register 
Byte 
0 
0 
Counter 0 


MSB 
Count Register 
Byte 
0 
0 
Counter 0 


NOTE: 
The exclusive 
addresses 
of each counter's 
count 
regis- 
ter make the task of programming 
the 8253 a very sim- 
ple 
matter, 
and 
maximum 
effective 
use of the 
device 
will result if this feature 
is fUlly initilized. 


• 


·_. . 


In most counter 
applications 
it becomes 
necessary 
to read the value of the count in progress 
and make 
a computational 
decision 
based 
on 
this 
quantity. 
Event counters 
are probably 
the most common 
ap- 
plication 
that uses this function. 
The 8253 contains 
logic that 
will allow 
the programmer 
to easily 
read 
the contents 
of any of the three 
counters 
without 
disturbing 
the actual count in progress. 


There 
are two 
methods 
that 
the 
programmer 
can 
use to read the value of the counters. 
The first meth- 
od involves 
the use of simple I/O read operations 
of 
the selected 
counter. 
By controlling 
the AO, A 1 in- 
puts 
to the 
8253 
the 
programmer 
can 
select 
the 
counter 
to be read (remember 
that 
no read opera- 
tion of the mode register 
is allowed 
AO, A 1-11). The 
only requirement 
with this method 
is that in order to 
assure a stable count reading the actual operation 
of 
the selected 
counter 
must be inhibited 
either by con- 
trolling 
the 
Gate 
input 
or 
by 
external 
logic 
that 
inhibits the clock 
input. The contents 
of the counter 
selected 
will be available 
as follows: 


First 
I/O 
Read 
contains 
the 
least 
significant 
byte 
(LSB). 


Second 
I/O Read contains 
the most significant 
byte 
(MSB). 


Due to the internal 
logic of the 8253 it is absolutely 
necessary 
to complete 
the entire reading procedure. 
If two bytes 
are programmed 
to be read, then two 
bytes 
must 
be read 
before 
any loading 
WR 
com- 
mand can be sent to the same counter. 


A1 
AO 
RD 
0 
0 
0 
Read Counter 
No. 0 
0 
1 
0 
Read Counter 
No.1 


1 
0 
0 
Read Counter 
No.2 


1 
1 
0 
Illegal 


Reading While Counting 


In order for the programmer 
to read the contents 
of 
any counter 
without effecting 
or disturbing 
the count- 
ing operation 
the 8253 has special internal 
logic that 
can be accessed 
using simple WR commands 
to the 
MODE 
register. 
Basically, 
when 
the 
programmer 
wishes 
to read the contents 
of a selected 
counter 
"on the fly" 
he loads the MODE register with a spe- 
cial code which latches 
the present 
count value into 
a storage 
register 
so that 
its contents 
contain 
an 
accurate, 
stable 
quantity. 
The programmer 
then is- 
sues a normal read command 
to the selected 
coun- 


ter 
and 
the 
contents 
of 
the 
latched 
register 
is 
available. 


SC1, SCO- 
specify 
counter 
to be latched. 
05, 04 
- 
00 designates 
counter 
latching 
opera- 
tion. 
X 
- 
don't 
care. 


The same limitation 
applies 
to this mode of reading 
the 
counter 
as the 
previous 
method. 
That 
is, it is 
mandatory 
to complete 
the entire read operation 
as 
programmed. 
This command 
has no effect 
on the 
counter's 
mode. 


3MHz 
·1.5MHz 
CLK 
;-2 
CLK 


8085 
8253·5 
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NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause permanent 
damage. 


These are stress ratings 
only. Operation 
beyond 
the 
"Operating 
Conditions" 
is not recommended 
and ex- 


·tended exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


Ambient 
Temperature 
Under Bias 
O°C to 70°C 


Storage Temperature 
- 65°C to + 150°C 


Voltage 
On Any Pin 
with Respect 
to Ground 
-0.5V 
to 7V 


Power Dissipation 
1 Watt 


Symbol 
Parameter 
Min 
Max 
Unit 
Test Conditions 


VIL 
Input Low Voltage 
-0.5 
0.8 
V 


VIH 
Input High Voltage 
2.2 
Vee + .5V 
V 


VOL 
Output Low Voltage 
0.45 
V 
(Note 1) 


VOH 
Output High Voltage 
2.4 
V 
(Note 2) 


IlL 
Input Load Current 
±10 
,...A 
VIN = Vee to OV 


IOFL 
Output Float Leakage 
±10 
,...A 
VOUT = Vee to 0.45V 


Ice 
Vee Supply Current 
140 
mA 


Symbol 
Parameter 
Min 
Typ 
Max 
Unit 
Test Conditions 


CIN 
Input Capacitance 
10 
pF 
fc = 1 MHz 


ClIO 
I/O Capacitance 
20 
pF 
Unmeasured 
pins returned 
to Vss 


8253 
8253-5 
Symbol 
Parameter 
Unit 
Min 
Max 
Min 
Max 


tAR 
Address 
Stable before READ 
50 
30 
ns 


tRA 
Address 
Hold Time for READ 
5 
5 
ns 


tRR 
READ Pulse Width 
400 
300 
ns 


tRO 
Data Delay from READ(4) 
300 
200 
ns 


tOF 
READ to Data Floating 
25 
125 
25 
100 
ns 


tRY 
Recovery 
Time between 
READ 
1 
1 
,...s 
and Any Other Control Signal 


intJ 


8253 
8253·5 
Symbol 
Parameter 
Unit 
Min 
Max 
Min 
Max 


tAW 
Address 
Stable before WRITE 
50 
30 
ns 


tWA 
Address 
Hold Time for WRITE 
30 
30 
ns 


tww 
WRITE Pulse Width 
400 
300 
ns 


tow 
Data Set Up Time for WRITE 
300 
250 
ns 


two 
Data Hold Time for WRITE 
40 
30 
ns 


tRV 
Recovery 
Time between 
WRITE 
1 
1 
JLs 
and Any Other Control Signal 


8253 
8253-5 
Symbol 
Parameter 
Unit 
Min 
Max 
Min 
Max 


tCLK 
Clock Period 
380 
dc 
380 
dc 
ns 


tpWH 
High Pulse Width 
230 
230 
ns 


tpWL 
low 
Pulse Width 
150 
150 
ns 


tGW 
Gate Width High 
150 
150 
ns 


tGL 
Gate Width low 
100 
100 
ns 


tGS 
Gate Set Up Time to ClK i 
100 
100 
ns 


tGH 
Gate Hold Time after ClK i 
50 
50 
ns 


too 
Output Delay from ClK J- (4) 
400 
400 
ns 


toOG 
Output Delay from Gate J- (4) 
300 
300 
ns 


NOTES: 
1. IOL = 2.2 mA. 
2. IOH = -400 
fLA. 


3. AC timings 
measured 
at VOH 2.2, VOL = 0.8. 


4. CL = 150 pF. 
'For 
Extended 
Temperature 
EXPRESS, 
use M8253 
electrical 
parameters. 


2.2V 
2.2V 
> TEST 
POINTS < 


0.8 
0.8 


DEVICE 
UNDER 
ICl = 150pF 


TEST 


-= 


231306-14 
CL Includes 
Jig Capacitance 


231306-13 
A.C. Testing: 
Inputs 
are driven 
at 2.4V for a Logic 
"1" 
and 0.45V 
for a Logic "0". 
Timing 
measurements 
are made 
at 2.2V 
for a 
Logic 
"1" 
and 0.8V for a Logic 
"0". 


ift'lo_r 


WRITE 
TIMING 
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8254 
PROGRAMMABLE 
INTERVAL TIMER 
• Compatible with All Intel and Most 
• Six Programmable Counter Modes 
Other Microprocessors 
• Three Independent 
16-Bit Counters 
• Handles Inputs from DC to 10 MHz 
• Binary or BCD Counting 
- 
5 MHz 8254-5 
- 
8 MHz 8254 
• Single + 5V Supply 
-10 
MHz 8254-2 
• Available in EXPRESS 
• Status Read-Back Command 
- 
Standard Temperature 
Range 


The Intel® 8254 is a counter/timer 
device 
designed 
to solve the common 
timing 
control 
problems 
in micro- 


computer 
system design. 
It provides 
three independent 
16-bit counters, 
each capable 
of handling 
clock inputs 
up to 10 MHz. All modes are software 
programmable. 
The 8254 is a superset 
of the 8253. 


The 8254 uses HMOS technology 
and comes 
in a 24-pin plastic 
or CERDIP 
package. 


ClK 
0 
0, 
Vcc 


07-00 
De 
WR 


0, 
RO 
OUT 0 
Cs 
D. 


03 
A, 


0, 
Ao 


0, 
ClK 
2 
R5 
ClK 
1 
Do 
OUT2 
W1l 
READ' 
WRITE 
GATE 1 
ClK 
0 
GATE 2 


Ao 
• 
lOGIC 
OUTO 
ClK 
1 


A, 
OUT 1 
GATE 0 
GATE 1 


GND 
OUT 1 
~ 
231164-2 


Figure 2. Pin Configuration 


_ClK2 


_GATE2 


OUT 2 


inter 


Symbol 
Pin 
Type 
Name and Function 
No. 
DrDo 
1-8 
I/O 
DATA: Bi-directional 
three state data bus lines, connected 
to system 
data bus. 


ClKO 
9 
I 
CLOCK 0: Clock input of Counter O. 


OUTO 
10 
0 
OUTPUT 
0: Output of Counter O. 


GATE 0 
1-1 
I 
GATE 0: Gate input of Counter O. 


GND 
12 
GROUND: 
Power supply connection. 


Vcc 
24 
POWER: + 5V power supply connection. 


WR 
23 
I 
WRITE CONTROL: 
This input is low during CPU write operations. 


RD 
22 
I 
READ CONTROL: 
This input is low during CPU read operations. 


CS 
21 
I 
CHIP SELECT: A low on this input enables 
the 8254 to respond to 
RD and WR signals. RD and WR are ignored otherwise. 


A1,Ao 
20-19 
I 
ADDRESS: 
Used to select one of the three Counters 
or the Control 
Word Register for read or write operations. 
Normally connected 
to 
the system address bus. 


A1 
Ao 
Selects 


0 
0 
Counter 0 
0 
1 
Counter 
1 
1 
0 
Counter 2 
1 
1 
Control Word Register 


ClK2 
18 
I 
CLOCK 2: Clock input of Counter 2. 


OUT2 
17 
0 
OUT 2: Output of Counter 2. 


GATE 2 
16 
I 
GATE 2: Gate input of Counter 2. 


ClK 
1 
15 
I 
CLOCK 
1: Clock input of Counter 
1. 


GATE 1 
14 
I 
GATE 1: Gate input of Counter 
1. 


OUT1 
13 
0 
OUT 1: Output of Counter 
1. 


Some of the other counter/timer 
functions 
common 
to microcomputers 
which 
can be implemented 
with 
the 8254 are: 


• 
Real time clock 


• 
Event-counter 


• 
Digital one-shot 


• 
Programmable 
rate generator 


• 
Square wave generator 


• 
Binary rate multiplier 


• 
Complex 
waveform 
generator 


• 
Complex 
motor controller 


The 8254 is a programmable 
interval 
timer/counter 
designed 
for use with Intel microcomputer 
systems. 


It is a general 
purpose, 
multi-timing 
element 
that can 
be treated 
as an array of I/O 
ports 
in the system 
software. 


The 8254 solves one of the most common 
problems 


in any microcomputer 
system, 
the generation 
of ac- 
curate time delays under software 
control. 
Instead of 
setting 
up timing loops in software, 
the programmer 


configures 
the 8254 to match 
his requirements 
and 
programs 
one of the counters 
for the desired 
delay. 


After 
the desired 
delay, 
the 8254 will interrupt 
the 
CPU. 
Software 
overhead 
is minimal 
and 
variable 


length 
delays can easily be accommodated. 
This 3-state, 
bi-directional, 
8-bit buffer 
is used to in- 


terface 
the 8254 to the system 
bus (see Figure 3). 
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The Read/Write 
logic 
accepts 
inputs from the sys- 
tem bus and generates 
control 
signals for the other 
functional 
blocks 
of the 8254. A1 and Ao select one 
of the three 
counters 
or the Control 
Word 
R~ter 
to be read from/written 
into. A "low" 
on the RD in- 
put tells the 8254 that the CPU is reading one of the 
counters. 
A "low" 
on the WR input tells 
the 8254 
that the CPU is writing 
either 
a Control 
Word or an 
initial count. 
Both RD and WR are qualified 
by CS; 
RD and WR are ignored 
unless 
the 8254 has been 
selected 
by holding 
CS low. 


The Control Word Register 
(see Figure 4) is selected 
by the 
Read/Write 
logic 
when Al,Ao 
= 
11. If the 
CPU then 
does 
a write 
operation 
to the 8254, 
the 
data is stored 
in the Control 
Word 
Register 
and is 
interpreted 
as a Control 
Word 
used 
to define 
the 
operation 
of the Counters. 


The Control 
Word 
Register 
can only be written 
to; 
status 
information 
is available 
with the 
Read-Back 
Command. 


These three functional 
blocks 
are identical 
in opera- 
tion, so only a single Counter 
will be described. 
The 
internal 
block diagram 
of a single 
counter 
is shown 
in Figure 5. 


The Counters 
are fully independent. 
Each 
Counter 
may operate 
in a different 
Mode. 


The Control 
Word Register 
is shown 
in the figure; it 
is not part of the Counter 
itself, but its contents 
de- 
termine 
how the Counter 
operates. 


,The 
status 
register, 
shown 
in 
Figure 
5, 
when 
latched, 
contains 
the current contents 
of the Control 
Word 
Register 
and 
status 
of 
the 
output 
and 
null 
count 
flag. 
(See detailed 
explanation 
of the 
Read- 
Back command.) 


The actual counter 
is labelled 
CE (for "Counting 
Ele- 
ment"). 
It is a 16-bit presettable 
synchronous 
down 
counter. 


OlM 
and OlL 
are two 8-bit latches. 
Ol 
stands 
for 
"Output 
latch"; 
the subscripts 
M and 
l 
stand 
for 
"Most 
significant 
byte" 
and "least 
significant 
byte" 


RD 
ClK 
1 
WJl 
READI 
WRITE 
GATE 
1 
Ao 
• 
lOGIC 


A, 
OUT 
1 


es 
• 


inter 


respectively. 
Both 
are normally 
referred 
to as one 
unit and called just Ol. 
These latches 
normally 
"fol- 
low" 
the CE, but if a suitable 
Counter 
latch 
Com- 
mand 
is sent to the 8254, 
the latches 
"latch" 
the 
present 
count until read by the CPU and then return 
to "following" 
the CEo One latch at a time is enabled 
by the counter's 
Control 
logic 
to drive the internal 
bus. This is how the 
16-bit Counter 
communicates 
over the 8-bit 
internal 
bus. Note 
that 
the CE itself 
cannot 
be read; whenever 
you read the count, 
it is 
the Ol 
that is being read. 


Similarly, 
there 
are two 
8-bit 
registers 
called 
CRM 
and CRL (for "Count 
Register"). 
Both are normally 
referred 
to as one unit and called 
just CR. When 
a 
new 
count 
is written 
to the 
Counter, 
the 
count 
is 
stored in the CR and later transferred 
to the CEo The 
Control 
logic 
allows 
one 
register 
at a time 
to be 
loaded 
from the internal 
bus. Both bytes are trans- 
ferred 
to the CE simulfclneously. 
CRM and CRL are 
cleared 
when 
the 
Counter 
is programmed. 
In this 
way, if the Counter 
has been programmed 
for one 
byte counts 
(either most significant 
byte only or least 
significant 
byte 
only) 
the 
other 
byte 
will 
be zero. 
Note that the CE cannot 
be written 
into; whenever 
a 
count 
is written, 
it is written 
into the CR. 


The 
Control 
logic 
is also 
shown 
in the 
diagram. 


ClK 
n, GATE n, and OUT n are all connected 
to the 
outside 
world through 
the Control 
logic. 


The 8254 is a component 
of the Intel Microcomputer 
Systems 
and interfaces 
in the same 
manner 
as all 


other 
peripherals 
of the family. 
It is treated 
by the 
system's 
software 
as 
an 
array 
of 
peripheral 
I/O 
ports; three are counters 
and the fourth 
is a control 
register 
for MODE programming. 


Basically, 
the select inputs AO.A1 connect 
to the Ao, 
A1 address 
bus signals of the CPU. The CS can be 
derived 
directly 
from the address 
bus using a linear 
select method. 
Or it can be connected 
to the output 
of a decoder, 
such as an Intel 8205 for larger sys- 
tems. 


After 
power-up, 
the state of the 8254 is undefined. 


The Mode, 
count 
value, 
and output 
of all Counters 
are undefined. 


How each Counter 
operates 
is determined 
when it is 
programmed. 
Each 
Counter 
must 
be programmed 
before it can be used. Unused counters 
need not be 
programmed. 


Counters 
are programmed 
by writing a Control 
Word 
and then an initial count. 


The Control Words are written 
into the Control 
Word 
Register, 
which 
is selected 
when A1.AO = 11. The 
Control 
Word itself specifies 
which Counter 
is being 
programmed. 


inter 


Control Word Format 
A1,Ao = 11 
CS = 0 
RD = 1 
WR = 0 


SC-Select 
Counter 
SC1 
sca 


0 
0 
Select Counter 0 


0 
1 
Select Counter 
1 


1 
0 
Select Counter 2 


1 
1 
Read-Back 
Command 
(see Read Operations) 


AW-Aead/Write 
AW1 AWO 


0 
0 
Counter 
Latch Command 
(see Read 
Operations) 


0 
1 
Read/Write 
least significant 
byte only 


1 
0 
Read/Write 
most significant 
byte only 


1 
1 
Read/Write 
least significant 
byte first, 
then most significant 
byte 


M-Mode 
M2 


0 
0 
0 
Mode 0 


0 
0 
1 
Mode 1 


X 
1 
0 
Mode 2 


X 
1 
1 
Mode 3 


1 
0 
0 
Mode 4 


1 
0 
1 
Mode 5 


0 
Binary Counter 
16-bits 


1 
Binary Coded Decimal (BCD) Counter 
(4 Decades) 


NOTE: 
Don't 
care bits (X) should 
be 0 to insure compatibility 
with future 
Intel products. 


By contrast, 
initial counts 
are written 
into the Coun- 
ters, 
not the Control 
Word 
Register. 
The A1,Ao in- 
puts 
are used 
to select 
the 
Counter 
to be written 
into. The format 
of the initial count is determined 
by 
the Control 
Word used. 


The 
programming 
procedure 
for the 
8254 
is very 
flexible. 
Only two 
conventions 
need to be remem- 
bered: 


1) For each Counter, 
the Control 
Word must be writ- 
ten before the initial count is written. 


2) The 
initial 
count 
must 
follow 
the 
count 
format 
specified 
in the 
Control 
Word 
(least 
significant 
byte only, most significant 
byte only, or least sig- 
nificant 
byte and then most significant 
byte). 


Since 
the 
Control 
Word 
Register 
and 
the 
three 
Counters 
have separate 
addresses 
(selected 
by the 
Al,AO inputs), 
and each Control 
Word specifies 
the 
Counter 
it applies 
to (SCO,SC1 bits), no special 
in- 


struction 
sequence 
is required. 
Any 
programming 
sequence 
that follows 
the conventions 
in Figure 7 is 
acceptable. 


A new initial count 
may be written 
to a Counter 
at 
any 
time 
without 
affecting 
the 
Counter's 
pro- 
grammed 
Mode in any way. Counting 
will be affected 
as described 
in the Mode definitions. 
The new count 
must follow 
the programmed 
count format. 


If a Counter 
is programmed 
to read/write 
two-byte 
counts, 
the following 
precaution 
applies: 
A program 
must 
not transfer 
control 
between 
writing 
the first 
and second byte to another 
routine which also writes 
into that same Counter. 
Otherwise, 
the Counter 
will 
be loaded 
with an incorrect 
count. 
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A1 
Ao 
A1 
Ao 
Control Word-Counter 
a 
1 
1 
Control Word-Counter 
2 
1 
1 
LSB of count-Counter 
a 
a 
a 
Control Word-Counter 
1 
1 
1 
MSB of count-Counter 
a 
a 
a 
Control Word-Counter 
a 
1 
1 


Control Word-Counter 
1 
1 
1 
LSB of count-Counter 
2 
1 
a 
LSB of count-Counter 
1 
a 
1 
MSB of count-Counter 
2 
1 
a 
MSB of count-Counter 
1 
a 
1 
LSB of count-Counter 
1 
a 
1 
Control Word-Counter 
2 
1 
1 
MSB of count-Counter 
1 
a 
1 
LSB of count-Counter 
2 
1 
a 
LSB of count-Counter 
a 
a 
a 
MSB of count-Counter 
2 
1 
a 
MSB of count-Counter 
a 
a 
a 


A1 
Ao 
A1 
Ao 
Control Word-Counter 
a 
1 
1 
Control Word-Counter 
1 
1 
1 
Control Word-Counter 
1 
1 
1 
Control Word-Counter 
a 
1 
1 
Control Word-Counter 
2 
1 
1 
LSB of count-Counter 
1 
a 
1 
LSB of count-Counter 
2 
1 
a 
Control Word-Counter 
2 
1 
1 
LSB of count-Counter 
1 
a 
1 
LSB of count-Counter 
a 
a 
a 
LSB of count-Counter 
a 
a 
a 
MSB of count-Counter 
1 
a 
1 
MSB of count-Counter 
a 
a 
a 
LSB of count-Counter 
2 
1 
a 
MSB of count-Counter 
1 
a 
1 
MSB of count-Counter 
a 
a 
a 
MSB of count-Counter 
2 
1 
a 
MSB of count-Counter 
2 
1 
a 


NOTE: 
In all four examples, all Counters are programmed to read/write two-byte counts. These are only four of many possible 
programming sequences. 


Figure 8.A Few Possible 
Programming 
Sequences 


It is often 
desirable 
to read the value 
of a Counter 
without 
disturbing 
the count in progress. 
This is easi- 
ly done in the 8254. 


There 
are three 
possible 
methods 
for reading 
the 
counters: 
a 
simple 
read 
operation, 
the 
Counter 
Latch 
Command, 
and 
the 
Read-Back 
Command. 
Each is explained 
below. The first method 
is to per- 
form a simple 
read operation. 
To read the Counter, 
which 
is selected 
with the A 1, Aa inputs, 
the CLK 
input of the selected 
Counter 
must be inhibited 
by 
using either the GATE input or external 
logic. Other- 
wise, the count 
may be in the process 
of changing 
when it is read, giving an undefined 
result. 


The second 
method 
uses the "Counter 
Latch Com- 
mand". 
Like a Control Word, this command 
is written 
to 
the 
Control 
Word 
Register, 
which 
is selected 
when 
Al,Ao 
= 
11. Also 
like a Control 
Word, 
the 
sca, 
SC1 bits select 
one of the three Counters, 
but 
two other bits, 05 and 04, distinguish 
this command 
from a Control 
Word. 


a 
a 
a 
a 
1 
1 
1 
a 
2 
1 
1 
Read-Back 
Command 


X-don't 
care 


NOTE: 
Don't care bits (X) should be 0 to insure compatibility 
with future Intel products. 


The selected 
Counter's 
output latch (OL) latches the 
count 
at the time 
the 
Counter 
Latch 
Command 
is 
received. 
This count is held in the latch until it is read 
by the CPU (or until the Counter 
is re~rogrammed). 
The count 
is then 
unlatched 
automatically 
and the 
OL returns to "following" 
the counting 
element 
(CE). 
This 
allows 
reading 
the 
contents 
of the 
Counters 
"on 
the fly" 
without 
affecting 
counting 
in progress. 


Multiple 
Counter 
Latch Commands 
may be used to 
latch 
more 
than 
one Counter. 
Each 
latched 
Coun- 
ter's OL holds its count until it is read. Counter 
Latch 
Commands 
do not affect 
the programmed 
Mode of 
the Counter 
in any way. 


If a Counter 
is latched 
and then, 
some 
time 
later, 
latched 
again before 
the count 
is read, the second 
Counter 
Latch Command 
is ignored. The count read 
will be the count 
at the time the first Counter 
Latch 
Command 
was issued. 


With either method, 
the count 
must be read accord- 
ing to the 
programmed 
format; 
specifically, 
if the 
Counter 
is programmed 
for two 
byte 
counts, 
two 
bytes must be read. The two bytes do not ~ave to be 
read one right after the other; 
read or wnte or pro- 
gramming 
operations 
of other 
Counters 
may be in- 
serted 
between 
them. 


Another 
feature 
of the 8254 is that reads and writes 
of the same Counter 
may be interleaved; 
for exam- 
ple, 
if 
the 
Counter 
is 
programmed 
for 
two 
byte 
counts, 
the following 
sequence 
is valid. 


1) Read least significant 
byte. 


2) Write new least significant 
byte. 


3) Read most significant 
byte. 


4) Write new most significant 
byte. 


If a Counter 
is programmed 
to read/write 
two-byte 
counts, 
the following 
precaution 
applies: 
A program 
must not transfer 
control 
between 
reading 
the first 
and second 
byte to another 
routine which also reads 
from 
that 
same 
Counter. 
Otherwise, 
an 
incorrect 
count will be read. 


READ·BACK 
COMMAND 


The 
third 
method 
uses the 
Read-Back 
Command. 
This command 
allows 
the user to check 
the count 
value, programmed 
Mode, and current 
states of the 
OUT pin and Null Count flag of the selected 
coun- 
ter(s). 


The command 
is written 
into the Control 
Word Reg- 
ister and 
has the format 
shown 
in Figure 
10. The 
command 
applies 
to the counters 
selected 
by set- 
ting their corresponding 
bits 03, 02, 01 = 1. 


os: 0 = Latch count 
of selected 
counter(s) 
04: 0 = Latch status 
of selected 
counters(s) 
03: 1 = Select 
Counter 
2 
02: 1 = Select 
Counter 
1 
01: 1 = Select 
Counter 
0 
00: Reserved 
for future 
expansion; 
Must be 0 


Figure 10. Read-Back 
Command 
Format 


The read-back 
command 
may be used to latch multi- 
ple 
counter 
output 
latches 
(OL) 
by 
setting 
the 
COUNT 
bit 05 = 0 and selecting 
the desired 
coun- 
ter(s). 
This single 
command 
is functionally 
equiva- 
lent 
to 
several 
counter 
latch 
commands, 
one 
for 
each counter 
latched. 
Each counter's 
latched 
count 
is held 
until 
it 
is read 
(or 
the 
counter 
is repro- 
grammed). 
The 
counter 
is automatically 
unlatched 
• 
when 
read, but other 
counters 
remain 
latched 
until 
they are read. If multiple count read-back 
commands 
are issued to the same counter 
without 
reading 
the 
count 
all but the 
first 
are ignored; 
Le., the 
count 
which' will be read is the count 
at the time the first 
read-back 
command 
was issued. 


The read-back 
command 
may also be used to latch 
status 
information 
of selected 
counter(s) 
by setting 
STATUS 
bit 04 
= O. Status 
must be latched 
to be 
read; status of a counter 
is accessed 
by a read from 
that counter. 


The counter 
status format is shown in Figure 11. Bits 
05 
through 
DO contain 
the counter's 
programmed 
Mode 
exactly 
as written 
in the 
last 
Mode 
Control 
Word. OUTPUT 
bit 07 contains 
the current 
state of 
the 
OUT 
pin. This 
allows 
the 
user to monitor 
the 
counter's 
output 
via 
software, 
possibly 
eliminating 
some hardware 
from a system. 


07 
1 = OUT Pin is 1 
o = OUT Pin is 0 


06 
1 = Null Count 
o = Count available 
for reading 


Os-Do 
Counter 
programmed 
mode 
(see 
Figure 
7) 


inter 


NULL COUNT 
bit 06 indicates 
when the last count 
written to the counter 
register 
(CR) has been loaded 
into the counting 
element 
(CE). The exact time this 
happens 
depends 
on the Mode of the counter 
and is 
described 
in the Mode Definitions, 
but until the count 
is loaded 
into the counting 
element 
(CE), it can't be 
read from the counter. 
If the count is latched or read 
before 
this time, the count value will not reflect 
the 
new count just written. 
The operation 
of Null Count 
is shown 
in Figure 12. 


ThisAction 
Causes 
A. Write to the control wQrd register;(1) 
Null Count = 1 
B. Write to the count register (CA);(2) 
Null Count = 1 
C. New Count is loaded into 
Null Count = 0 
CE (CA -+ CE); 


NOTE: 
1. Only the counter 
specified 
by the control 
word will 
have its Null Count 
set to 1. Null count 
bits of other 
counters 
are unaffected. 
2. If the 
counter 
is programmed 
for two-byte 
counts 
(least 
significant 
byte then 
most significant 
byte) 
Null 
Count goes to 1 when the second byte is written. 


If multiple 
status 
latch operations 
of the counter(s) 
are performed 
without 
reading the status, all but the 
first are ignored; 
i.e., the status 
that will be read is 
the status of the counter 
at the time the first status 
read-back 
command 
was issued. 


Both 
count 
and 
status 
of the 
selected 
counter(s) 
may 
be 
latched 
simultaneously 
by 
setting 
both 


Command 
07 
06 
Os 04 
03 
02 
01 
00 


COUNT 
and STATUS 
bits 05,04 
= O. This is func- 
tionally the same as issuing two separate 
read-back 
commands 
at once, and the above 
discussions 
ap- 
ply here also. Specifically, 
if multiple 
count 
and/or 
status read-back 
commands 
are issued to the same 
counter(s) 
without 
any intervening 
reads, all but the 
first are ignored. 
This is Illustrated 
in Figure 
13. 


If both count and status of a counter 
are latched, 
the 
first read operation 
of that counter 
will return latched 
status, 
regardless 
of which 
was 
latched 
first. 
The 
next one or two 
reads 
(depending 
on whether 
the 
counter 
is programmed 
for one or two type counts) 
return 
latched 
count. 
Subsequent 
reads 
return 
un- 
latched 
count. 


CS 
RO 
WR 
A1 
Ao 


0 
1 
0 
0 
0 
Write into Counter 0 


0 
1 
0 
0 
1 
Write into Counter 
1 


0 
1 
0 
1 
0 
Write into Counter 
2 


0 
1 
0 
1 
1 
Write Control Word 


0 
0 
1 
0 
0 
Read from Counter 0 


0 
0 
1 
0 
1 
Read from Counter 
1 


0 
0 
1 
1 
0 
Read from Counter 2 


0 
0 
1 
1 
1 
No-Operation 
(3-State) 


1 
X 
X 
X 
X 
No-Operation 
(3-State) 


0 
1 
1 
X 
X 
No-Operation 
(3-State) 


1 
1 
0 
0 
0 
0 
1 
0 
Read back count and status of 
Count and status latched 
Counter 0 
for Counter 0 


1 
1 
1 
0 
0 
1 
0 
0 
Read back status of Counter 
1 
Status latched for Counter 
1 


1 
1 
1 
0 
1 
1 
0 
0 
Read back status of Counters 
2, 1 
Status latched for Counter 
2, but not Counter 
1 


1 
1 
0 
1 
1 
0 
0 
0 
Read back count of Counter 2 
Count latched for Counter 
2 


1 
1 
0 
0 
0 
1 
0 
0 
Read back count and status of 
Count latched for Counter 
1, 


Counter 
1 
but not status 


1 
1 
1 
0 
0 
0 
1 
0 
Read back status of Counter 
1 
Command 
ignored, 
status 
already latched for Counter 
1 


inter 


The following 
are defined 
for use in describing 
the 
operation 
of the 8254. 


ClK 
Pulse: 
a rising edge, then a falling edge, in 
that order, 
of a Counter's 
ClK 
in- 
put. 


Trigger: 
a rising edge of a Counter's 
GATE 
input. 


Counter 
loading: 
the transfer 
of a count from the CR 
to the CE (refer to the "Functional 
Description") 


Mode 0 is typically 
used for event counting. 
After the 
Control 
Word is written, 
OUT is initially 
low, and will 
remain low until the Counter reaches zero. OUT then 
goes high and remains 
high until a new count 
or a 
new Mode 0 Control 
Word is written 
into the Coun- 
ter. 


GATE 
= 1 enables 
counting; 
GATE 
= 0 disables 
counting. 
GATE has no effect 
on OUT. 


After the Control Word and initial count are written to 
a Counter, 
the initial count will be loaded on the next 
ClK 
pulse. This ClK 
pulse does not decrement 
the 
count, 
so for an initial count of N, OUT does not go 
high until N + 1 ClK 
pulses after the initial count is 
written. 


If a new count 
is written 
to the Counter, 
it will be 
loaded on the next ClK 
pulse and counting 
will con- 
tinue from the new count. 
If a two-byte 
count is writ- 
ten, the following 
happens: 


1) Writing the first byte disables 
counting. 
OUT is set 
low immediately 
(no clock 
pulse required) 


2) Writing 
the second 
byte allows 
the new count to 
be loaded 
on the next ClK 
pulse. 


This allows the counting 
sequence 
to be synchroniz- 
ed by software. 
Again, 
OUT does 
not go high until 
N + 1 ClK 
pulses after the new count of N is written. 


If an initial count 
is written 
while 
GATE 
= 0, it will 
still be loaded 
on the next ClK 
pulse. When 
GATE 
goes high, OUT will go high N ClK 
pulses 
later; no 
ClK 
pulse is needed 
to load the Counter as this has 
already 
been done. 


MODE 
1: HARDWARE 
RETRIGGERABLE 
ONE-SHOT 


OUT will be initially high. OUT will go low on the ClK 
pulse following 
a trigger to begin the one-shot 
pulse, 
and will remain 
low until the Counter 
reaches 
zero. 


OUT will then go high and remain high until the ClK 
pulse after the next trigger. 


After writing 
the Control 
Word and initial count, 
the 
Counter 
is armed. 
A trigger 
results 
in loading 
the 
Counter and setting OUT low on the next ClK 
pulse, 
thus starting the one-shot 
pulse. An initial count of N 
will result in a one-shot 
pulse N ClK 
cycles 
in dura- 
tion. The one-shot 
is retriggerable, 
hence 
OUT will 
remain 
low for N ClK 
pulses 
after any trigger. 
The 
one-shot 
pulse can be repeated 
without 
rewriting 
the 
same count into the counter. 
GATE has no effect on 
OUT. 


If a new count is written to the Counter during a one- 
shot pulse, the current 
one-shot 
is not affected 
un- 
less 
the 
counter 
is retriggered. 
In that 
case, 
the 
Counter 
is loaded 
with the new count 
and the one- 


shot pulse continues 
until the new count 
expires. 


This Mode functions 
like a divide-by-N 
counter. 
It is 
typically 
used to generate 
a Real Time Clock 
inter- 
rupt. OUT will initially be high. When the initial count 
has decremented 
to 1, OUT goes low for one ClK 
pulse. 
OUT then 
goes 
high again, 
the Counter 
re- 
loads the initial count 
and the process 
is repeated. 


Mode 2 is periodic; 
the same sequence 
is repeated 
indefinitely. 
For an initial count 
of N, the sequence 
repeats 
every N ClK 
cycles. 


GATE = 
1 enables 
counting; 
GATE = 0 disables 
counting. 
If GATE goes low during an output 
pulse, 


OUT is set high immediately. 
A trigger 
reloads 
the 
Counter 
with the initial count on the next ClK 
pulse; 


OUT goes low N ClK 
pulses after the trigger. 
Thus 
the 
GATE 
input 
can 
be 
used 
to 
synchronize 
the 
Counter. 


After 
writing 
a Control 
Word 
and 
initial 
count, 
the 
Counter 
will be loaded 
on the next ClK 
pulse. OUT 
goes low N ClK 
Pulses after the initial count is writ- 
ten. This allows 
the Counter 
to be synchronized 
by 
software 
also. 


Writing 
a new count 
while counting 
does not affect 
the 
current 
counting 
sequence. 
If a trigger 
is re- 
ceived 
after writing 
a new count 
but before 
the end 
of the current period, the Counter will be loaded with 
the new count 
on the next ClK 
pulse and counting 
will 
continue 
from 
the 
new 
count. 
Otherwise, 
the 
new count 
will be loaded 
at the end of the current 
counting 
cycle. 
In mode 2, a COUNT 
of 1 is illegal. 


Mode 
3 is typically 
used for Baud rate generation. 


Mode 3 is similar to Mode 2 except for the duty cycle 
of OUT. 
OUT 
will 
initially 
be high. 
When 
half 
the 


CW=10 
lSB=4 


WJi LJLJ 


ClK 


GATE 


OUT ==' 


I 
N 
I 
N 
I 
N 
I 
N 
I 
0 
0 
4 
1 


CW=10 
lSB=3 


WIl LJLJ 


ClK 


GATE 


OUT ~ 


I 
N 
I 
N 
I 
N 
I 
N 
I 
I ~ I ~ I 


WIl 


ClK 


GATE 


OUT ===' 


I 
N 
I 
N 
I 
N 
I 
N 
I 
0 
2 


NOTE: 
The following 
conventions 
apply to all mode timing 
diagrams: 
1. Counters 
are programmed 
for binary 
(not BCD) counting 
and for reading/writing 
least significant 
byte (LSB) only. 


2. The counter 
is always 
selected 
(CS always 
low). 
3. CW stands 
for "Control 
Word"; 
CW = 10 means 
a control 
word of 10 HEX is written 
to the counter. 


4. LSB stands 
for "Least 
Significant 
Byte" 
of count. 


5. Numbers 
below 
diagrams 
are count 
values. 
The lower 
number 
is the least significant 
byte. The upper 
number 
is the 


most significant 
byte. Since the counter 
is programmed 
to read/write 
LSB only, the most significant 
byte cannot 
be read. 


N stands 
for an undefined 
count. 


Vertical 
lines show transitions 
between 
count 
values. 
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CW=12 
lSB=3 


WR LfLJ---------- 


GATE -------;n---------in----- 


OUT =.=J 
\....__ --' 


INININININI~I 


\ 


I ~~ I ~ I ~ 


CW=12 
lSB=3 


Wll LJU~------- 


GATE -------in ----In---------- 


\~ 
-----,I 


NININI~I 
~ 
~ 
~ 
~I~I 


GATE -------in ---------; n------ 


OUT --.-l 
\ 
I 


INININININI~I~I 
I~~I~~I~ 


initial count has expired, OUT goes low for the re- 
mainder 
of the count. 
Mode 3 is periodic; 
the se- 
quence 
above 
is repeated 
indefinitely. 
An 
initial 
count of N results in a square wave with a period of 
N ClK 
cycles. 


After writing 
a Control 
Word and initial count, 
the 
Counter will be loaded on the next ClK 
pulse. This 
allows the Counter to be synchronized 
by software 
also. 


GATE 
= 1 enables 
counting; 
GATE = 0 disables 
counting. If GATE goes low while OUT is low, OUT is 
set high immediately; 
no ClK 
pulse is required. 
A 
trigger reloads the Counter with the initial count on 
the next ClK 
pulse. Thus the GATE input can be 
used to synchronize 
the Counter. 


Writing a new count while counting 
does not affect 
the current 
counting 
sequence. 
If a trigger 
is re- 


ceived after writing a new count but before the end 
of the current 
half-cycle 
of the square 
wave, 
the 
Counter 
will be loaded with the new count on the 
next ClK 
pulse and counting will continue 
from the 


• 


CW = 14 
LSB =3 
WRLJU 


CW=14 
LSB=3 


WR L..IU--------- 


OUT~ 


ININININI~I~I~I 
LJ 


I ~ I ~ I 


GATE 


OUT =.=.J 


I N I N I N I N I ~ 
U 


I ~ I ~ I ~ 


NOTE: 
A GATE transition 
should 
not occur 
one clock 
prior to terminal 
count. 


new count. 
Otherwise, 
the new count will be loaded 
at the end of the current 
half-cycle. 


Even counts: 
OUT is initially high. The initial count is 


loaded 
on one ClK 
pulse and then is decremented 


by two on succeeding 
ClK 
pulses. 
When the count 
expires 
OUT changes 
value and the Counter 
is re- 


loaded 
with the initial count. 
The above 
process 
is 


repeated 
indefinitely. 


Odd 
counts: 
OUT 
is initially 
high. The 
initial 
count 


minus one (an even number) 
is loaded 
on one ClK 


pulse and then is decremented 
by two on succeed- 


ing ClK 
pulses. 
One ClK 
pulse after the count 
ex- 


pires, 
OUT 
goes 
low and the 
Counter 
is reloaded 


with 
the 
initial 
count 
minus 
one. 
Succeeding 
ClK 


pulses decrement 
the count by two. When the count 


expires, 
OUT 
goes 
high again 
and the 
Counter 
is 


reloaded 
with the initial count minus one. The above 


process 
is repeated 
indefinitely. 
So for odd counts, 


OUT will be high for (N + 1)/2 
counts 
and low for 


(N - 
1)/2 
counts. 
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CW-16 
LSB-4 


WR L£U~------------- 


CW-,6 
LSB-S 
WRLJLJ...-------------- 


GATE 


OUT~ 
__ 
1 


I ~ I 
_r 


I 


CW=16 
LSB=4 
WR~,...------------ 


L.J 
LJ 


I ~ I ~ I 
__r 


I 


NOTE: 
A GATE transition 
should 
not occur 
one clock 
prior to terminal 
count. 


• 


OUT will be initially 
high. When the initial count 
ex- 


pires, OUT will go low for one ClK 
pulse and then 
go high again. The counting 
sequence 
is "triggered" 


by writing the initial count. 


GATE 
= 1 enables 
counting; 
GATE 
= 0 disables 


counting. 
GATE has no effect 
on OUT. 


After 
writing 
a Control 
Word 
and 
initial 
count, 
the 
Counter 
will be loaded 
on the next ClK 
pulse. This 
ClK 
pulse does not decrement 
the count, so for an 


initial count of N, OUT does not strobe low until N + 
1 ClK 
pulses after the initial count is written. 


If a new count 
is written 
during 
counting, 
it will be 


loaded on the next ClK 
pulse and counting 
will con- 


tinue from the new count. 
If a two-byte 
count is writ- 


ten, the following 
happens: 


1) Writing the first byte has no effect 
on counting. 


2) Writing 
the second 
byte allows 
the new count 
to 


be loaded 
on the next ClK 
pulse. 


This 
allows 
the 
sequence 
to 
be 
"retriggered" 
by 


software. 
OUT strobes 
low N + 1 ClK 
pulses 
after 


the new count of N is written. 


CW=18 
LSB=3 


WR -uLJ--------- 


GATE 


OUT =.=J 


CW=18 
LSB=3 


WR -uLJ--------- 


OUT =.=J 


ININININI~I~I~I~ 
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MODE 
5: HARDWARE 
TRIGGERED 
STROBE 


(RETRIGGERABLE) 


OUT will initially 
be high. Counting 
is triggered 
by a 


rising edge of GATE. When the initial count 
has ex- 


pired, OUT will go low for one ClK 
pulse and then 


go high again. 


A trigger results in the Counter being loaded with the 
initial 
count 
on the 
next ClK 
pulse. 
The 
counting 
sequence 
is retriggerable. 
OUT will not strobe 
low 


for N + 1 ClK 
pulses 
after any trigger. 
GATE 
has 
no effect 
on OUT. 


After 
writing 
the Control 
Word and initial count, 
the 


counter 
will not be loaded until the ClK 
pulse after a 


trigger. 
This 
ClK 
pulse 
does 
not 
decrement 
the 


count, 
so for an initial 
count 
of N, OUT 
does 
not 
strobe 
low until N + 1 ClK 
pulses after a trfgger. 


If a new count is written 
during counting, 
the current 


counting 
sequence 
will not be affected. 
If a trigger 
occurs 
after the new count is written 
but before 
the 


current 
count 
expires, 
the 
Counter 
will 
be loaded 


with 
the 
new 
count 
on 
the 
next 
ClK 
pulse 
and 


counting 
will continue 
from there. 


CW=lA 
LSB=3 


ViR -uL-.J 


GATE -------l fI---------irc= 


CW=lA 
LSB=3 


WR -uL-.J---------------- 


GATE 
- 
- 
- 
- 
- 
- 
- 
- -l~ 
------------ 


OUT~ 


ININININININI~I 


GATE 
- 
- 
- 
---- 
-vr----- ---- "\n--- -- 


OUT~ 
U 
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N I 
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I 
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Signal 
Low 
Status 
Or Going 
Rising 
High 
Modes 
Low 


0 
Disables 
-- 
Enables 
Counting 
Counting 


1 
-- 
1) Initiates 
-- 
Counting 


2) Resets Output 
after Next 
Clock 


2 
1) Disables 
Counting 
Initiates 
Enables 
2) Sets Output 
Counting 
Counting 
Immediately 
High 


3 
1) Disables 
Counting 
Initiates 
Enables 
2) Sets Output 
Counting 
Counting 
Immediately. 
High 


4 
Disables 
-- 
Enables 
Counting 
Counting 


5 
-- 
Initiates 
-- 
Counting 


Mode 
Min 
Max 
Count 
Count 


0 
1 
0 
1 
1 
0 
2 
2 
0 
3 
2 
0 
4 
1 
0 
5 
1 
0 


NOTE: 
o is equivalent 
to 216 for binary 
counting 
and 
104 for 
BCD counting. 


When 
a Control 
Word 
is written 
to a Counter, 
all 
Control 
logic 
is immediately 
reset and OUT goes to 
a known initial state; no ClK 
pulses are required 
for 
this. 


The 
GATE 
input 
is always 
sampled 
on the 
rising 
edge of ClK. 
In Modes 0, 2, 3, and 4 the GATE input 
is level sensitive, 
and the logic level is sampled 
on 
the rising edge of ClK. 
In Modes 
1, 2, 3, and 5 the 
GATE input is rising-edge 
sensitive. 
In these Modes, 
a rising edge of GATE 
(trigger) 
sets an edge-sensi- 
tive flip-flop 
in the Counter. This flip-flop 
is then sam- 
pled on the next rising edge of ClK; 
the flip-flop 
is 
reset immediately 
after it is sampled. 
In this way, a 
trigger will be detected 
no matter when it occurs-a 
high logic level does not have to be maintained 
until 
the next rising edge of ClK. 
Note that 
in Modes 
2 
and 3, the GATE input is both edge- and level-sensi- 
tive. In Modes 
2 and 3, if a ClK 
source 
other than 
the system 
clock 
is used, GATE 
should 
be pulsed 
immediately 
following 
WR of a new count value. 


New 
counts 
are 
loaded 
and 
Counters 
are 
decre- 
mented 
on the falling edge of ClK. 


The largest 
possible 
initial count is 0; this is equiva- 
lent 
to 216 
for 
binary 
counting 
and 
104 for 
BCD 
counting. 


The Counter does 
not stop when it reaches 
zero. In 
Modes 0, 1, 4, and 5 the Counter 
"wraps 
around" 
to 
the highest 
count, either FFFF hex for binary count- 
ing or 9999 for BCD counting, 
and continues 
count- 
ing. Modes 2 and 3 are periodic; 
the Counter 
reloads 
itself 
with 
the 
initial 
count 
and 
continues 
counting 
from there. 


inter 


NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause permanent 
damage. 


These are stress ratings only. Operation 
beyond 
the 
"Operating 
Conditions" 
is not recommended 
and ex- 
tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


Ambient 
Temperature 
Under Bias 
O'C to 70'C 


Storage Temperature 
- 65'C to + 150'C 


Voltage 
on Any Pin with 
Respect 
to Ground ......•....... 
- 0.5V to + 7V 


Power Dissipation 
1W 


Symbol 
Parameter 
Min 
Max 
Units 
Test Conditions 


VIL 
Input Low Voltage 
-0.5 
0.8 
V 


VIH 
Input High Voltage 
2.0 
Vee +0.5V 
V 


VOL 
Output Low Voltage 
0.45 
V 
IOL = 2.0mA 


VOH 
Output High Voltage 
2.4 
V 
IOH = -400 
J.LA 


IlL 
Input Load Current 
±10 
J.LA 
VIN = Vee to OV 


IOFL 
Output Float Leakage 
±10 
J.LA 
VOUT = Vee to 0.45V 


Ice 
Vee Supply Current 
170 
mA 


CIN 
Input Capacitance 
10 
pF 
fc = 1 MHz 


ClIO 
I/O Capacitance 
20 
pF 
Unmeasured 
pins 
returned 
to VSS(4) 


Symbol 
Parameter 
8254-5 
8254 
8254-2 
Unit 
Min 
Max 
Min 
Max 
Min 
Max 


tAR 
Address 
Stable Before RD .L 
45 
45 
30 
ns 


tSR 
CS Stable Before RD .L 
0 
0 
0 
ns 


tRA 
Address 
Hold Time After RD i 
0 
0 
0 
ns 


tRR 
RD Pulse Width 
150 
150 
95 
ns 


tRD 
Data Delay from RD .L 
120 
120 
85 
ns 


tAD 
Data Delay from Address 
220 
220 
185 
ns 


tDF 
RD i to Data Floating 
5 
90 
5 
90 
5 
65 
ns 


tRV 
Command 
Recovery 
Time 
200 
200 
165 
ns 


NOTE: 
1. Ae timings measured at VOH = 2.QV,VOL = Q.BV. 


• 
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Symbol 
Parameter 
8254·5 
8254 
8254·2 
Unit 
Min 
Max 
Min 
Max 
Min 
Max 


tAW 
Address 
Stable Before WR J.- 
0 
0 
0 
ns 


tsw 
CS Stable Before WR J.- 
0 
0 
0 
ns 


twA 
Address 
Hold Time After WR J.- 
0 
0 
0 
ns 


tww 
WR Pulse Width 
150 
150 
95 
ns 


tow 
Data Setup Time Before WR i 
120 
120 
95 
ns 


two 
Data Hold Time After WR i 
0 
0 
0 
ns 


tRY 
Command 
Recovery 
Time 
200 
200 
165 
ns 


Symbol 
Parameter 
8254·5 
8254 
8254·2 
Unit 
Min 
Max 
Min 
Max 
Min 
Max 


tClK 
Clock Period 
200 
DC 
125 
DC 
100 
DC 
ns 


tpWH 
High Pulse Width 
60(3) 
60(3) 
30(3) 
ns 


tpWl 
low 
Pulse Width 
60(3) 
60(3) 
50(3) 
ns 


tR 
Clock Rise Time 
25 
25 
25 
ns 


tF 
Clock Fall Time 
25 
25 
25 
ns 


tGW 
Gate Width High 
50 
50 
50 
ns 


tGl 
Gate Width low 
50 
50 
50 
ns 


tGS 
Gate Setup Time to ClK i 
50 
50 
40 
ns 


tGH 
Gate Setup Time After ClK i 
50(2) 
50(2) 
50(2) 
ns 


too 
Output Delay from ClK 
J.- 
150 
150 
100 
ns 


toOG 
Output Delay from Gate 
J.- 
120 
120 
100 
ns 


twc 
ClK 
Delay for loading 
J.- 
0 
55 
0 
55 
0 
55 
ns 


tWG 
Gate Delay for Sampling 
-5 
50 
-5 
50 
-5 
40 
ns 


two 
OUT Delay from Mode Write 
260 
260 
240 
ns 


tel 
ClK 
Set Up for Count latch 
-40 
45 
-40 
45 
-40 
40 
ns 


NOTES: 
2. In Modes 1 and 5 triggers are sampled on each rising clock edge. A second trigger within 120 ns (70 ns for the 8254-2) of 
the rising clock edge may not be detected. 
3. low-going glitches that violate tpWH,tpWL may cause errors requiring counter reprogramming. 
4. Sampled, not 100% tested. TA = 2S·C. 
5. If ClK present at TWC min then Count equals N+2 ClK pulses, TWC max equals Count N+ 1 ClK pulse. TWC min to 
TWC max, count will be either N+ 1 or N+2 ClK pulses. 
6. In Modes 1 and 5, if GATE is present when writing a new Count value, at TWG min Counter will not be triggered, at TWG 
max Counter will be triggered. 
7. If ClK present when writing a Counter latch or ReadBack Command, at TCl min ClK will be reflected in count value 
latched, at TCl max ClK will not be reflected in the count value latched. 


WAVEFORMS 
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CLK 


tR 


GATE 
I 
I 


OUTPUT 0 
I 


\. 
two 


2 .•=X 
)C 


2.0 
2.0 


0.8> TEST 
POINTS < 0.8 


0.45 
----------. 


DEVICE 
UNDER 
..iCL = 150 pF 
TEST 


-- 


231164-18 
CL ~ 
150pF 
CL Includes 
Jig Capacitance 


231164-17 


A.C. Testing: 
Inputs 
are driven 
at 2.4V for a Logic 
"1" 
and 0.45V 
for 
a Logic 
"0." 
Timing 
measurements 
are 
made 
at 2.0V 
for 
a 
Logic 
"1" 
and 0.8V for a Logic 
"0". 


• 
Compatible 
with all Intel and most 


other microprocessors 


• 
High Speed, 
"Zero Wait State" 
Operation 
with 8 MHz 8086/88 
and 
80186/188 


• 
Handles 
Inputs from DC to 8 MHz 
-10 
MHz for 82C54·2 


• 
Available 
in EXPRESS 
- 
Standard 
Temperature 
Range 
- 
Extended 
Temperature 
Range 


• 
Three 
independent 
16-bit counters 


• 
Low Power CHMOS 
-Icc 
= 10 mA 
@ 8 MHz Count 


frequency 


• 
Completely 
TTL Compatible 


• 
Six Programmable 
Counter 
Modes 


• 
Binary or BCD counting 


• 
Status Read Back Command 


• 
Available 
in 24-Pin DIP and 28-Pin PLCC 


The Intel 82C54 is a high-performance, CHMOS version of the industry standard 8254 counter/timer which is 
designed to solve the timing control problems common in microcomputer system design. It provides three 
independent 16-bit counters, each capable of handling clock inputs up to 10 MHz. All modes are software 
programmable. The 82C54 is pin compatible with the HMOS 8254, and is a superset of the 8253. 


Six programmable timer modes allow the 82C54 to be used as an event counter, elapsed time indicator, 
programmable one-shot, and in many other applications. 


The 82C54 is fabricated on Intel's advanced CHMOS III technology which provides low power consumption 
with performance equal to or greater than the equivalent HMOS product. The 82C54 is available in 24-pin DIP 
and 28-pin plastic leaded chip carrier (PLCC) packages. 
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Figure 1. 82C54 Block Diagram 
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Symbol 
Pin Number 
Type 
Function 
DJP 
PLCC 


DrDo 
1-8 
2-9 
I/O 
Data: Bidirectional 
tri-state 
data bus lines, 
connected 
to system data bus. 


ClKO 
9 
10 
I 
Clock 0: Clock input of Counter O. 


OUTO 
10 
12 
0 
Output 0: Output of Counter O. 


GATE 0 
11 
13 
I 
Gate 0: Gate input of Counter O. 


GND 
12 
14 
Ground: Power supply connection. 


OUT 1 
13 
16 
0 
Out 1: Output of Counter 
1. 
, 


GATE 1 
14 
17 
I 
Gate 1: Gate input of Counter 
1. 


ClK 
1 
15 
18 
I 
ClOCK1: Clock input of Counter 
1. 


GATE 2 
16 
19 
I 
Gate 2: Gate input of Counter 2. 


OUT2 
17 
20 
0 
Out 2: Output of Counter 2. 


ClK2 
18 
21 
I 
Clock 2: Clock input of Counter 2. 


A1,Ao 
20-19 
23-22 
I 
Address: 
Used to select one of the three Counters 
or the Control Word Register for read or write 
operations. 
Normally connected 
to the system 
address bus. 


A1 
Ao 
Selects 


0 
0 
Counter 0 
0 
1 
Counter 
1 
1 
0 
Counter 2 
1 
1 
Control Word Register 


CS 
21 
24 
I 
Chip Select: A low on this input enables the 82C54 
to respond to RD and WR signals. RD and WR are 
ignored otherwise. 


RD 
22 
26 
I 
Read Control: This input is low during CPU read 
operations. 


WR 
23 
27 
I 
Write Control: This input is low during CPU write 
operations. 


Vcc 
24 
28 
Power: + 5V power supply connection. 


NC 
1, 11, 15,25 
No Connect 


The 82C54 is a programmable 
interval timer/counter 
designed 
for use with Intel microcomputer 
systems. 


It is a general 
purpose, 
multi-timing 
element 
that can 
be treated 
as an array of I/O 
ports 
in the 
system 
software. 


The 82C54 
solves 
one of the most common 
prob- 
lems 
in any microcomputer 
system, 
the generation 
of accurate 
time delays 
under 
software 
control. 
In- 
stead of setting 
up timing loops in software, 
the pro- 
grammer 
configures 
the 82C54 to match his require- 
ments and programs 
one of the counters 
for the de- 


sired delay. After 
the desired 
delay, the 82C54 
will 
interrupt 
the CPU. Software 
overhead 
is minimal and 
variable 
length delays can easily be accommodated. 


Some of the other counter/timer 
functions 
common 
to microcomputers 
which 
can be implemented 
with 
the 82C54 are: 


• 
Real time clock 
• 
Even counter 
• 
Digital one-shot 
• 
Programmable 
rate generator 
• 
Square wave generator 
• 
Binary rate multiplier 
• 
Complex 
waveform 
generator 
• 
Complex 
motor controller 


inter 


DATA 
BUS BUFFER 


This 3-state, 
bi-directional, 
8-bit buffer 
is used to in- 
terface 
the 82C54 to the system 
bus (see Figure 3). 


Figure 3. Block Diagram Showing 
Data Bus 
Buffer and Read/Write 
Logic Functions 


The Read/Write 
Logic accepts 
inputs from the sys- 
tem bus and generates 
control 
signals for the other 
functional 
blocks 
of the 82C54. 
A1 and 
Ao select 
one of the three counters 
or the Control Word Re~ 
ter to be read from/written 
into. A "low" 
on the RD 
input tells the 82C54 that the CPU is reading one of 
the 
counters. 
A "low" 
on the 
WR 
input 
tells 
the 
82C54 that the CPU is writing 
either a Control 
Word 
or an initial count. 
Both RD and WR are qualified 
by 
CS; RD and WR are ignored 
unless 
the 82C54 
has 
been selected 
by holding 
CS low. 


CONTROL 
WORD 
REGISTER 


The Control Word Register 
(see Figure 4) is selected 
by the Read/Write 
Logic when A1' Ao = 11. If the 
CPU then does a write operation 
to the 82C54, 
the 
data is stored 
in the Control 
Word 
Register 
and is 
interpreted 
as a Control 
Word 
used 
to define 
the 
operation 
of the Counters. 


The Control 
Word 
Register 
can only 
be written 
to; 
status 
information 
is available 
with the 
Read-Back 


Command. 


Figure 4. Block Diagram Showing 
Control 
Word 
Register 
and Counter 
Functions 


These three functional 
blocks 
are identical 
in opera- 
tion, so only a single Counter 
will be described. 
The 
internal 
block 
diagram 
of a single counter 
is shown 
in Figure 5. 


The Counters 
are fully independent. 
Each 
Counter 
may operate 
in a different 
Mode. 


The Control 
Word Register 
is shown 
in the figure; it 
is not part of the Counter 
itself, but its contents 
de- 
termine 
how the Counter 
operates. 


• 


inter 


The 
status 
register, 
shown 
in the 
Figure, 
when 
latched, 
contains 
the current contents 
of the Control 
Word 
Register 
and 
status 
of the 
output 
and 
null 
count 
flag. 
(See detailed 
explanation 
of the 
Read- 
Back command.) 


The actual counter 
is labelled CE (for "Counting 
Ele- 
ment"). 
It is a 16-bit presettable 
synchronous 
down 
counter. 


OLM and OLL are two 8-bit latches. 
OL stands 
for 
"Output 
Latch"; 
the 
subscripts 
M and 
L stand 
for 
"Most 
significant 
byte" 
and "Least 
significant 
byte" 
respectively. 
Both 
are normally 
referred 
to as one 
unit and called just OL. These 
latches 
normally 
"fol- 
low" 
the CE, but if a suitable 
Counter 
Latch 
Com- 
mand is sent to the 82C54, 
the latches 
"latch" 
the 
present 
count until read by the CPU and then return 
to "following" 
the CEo One latch at a time is enabled 
by the counter's 
Control 
Logic to drive the internal 
bus. This is how the 
16-bit Counter 
communicates 
over the 8-bit internal 
bus. Note 
that 
the CE itself 
cannot 
be read; whenever 
you read the count, 
it is 
the OL that is being read. 


Similarly, 
there 
are two 
8-bit 
registers 
called 
CRM 
and CRL (for "Count 
Register"). 
Both are normally 
referred 
to as one unit and called just CR. When 
a 
new 
count 
is written 
to the 
Counter, 
the 
count 
is 


stored in the CR and later transferred 
to the CEoThe 
Control 
Logic 
allows 
one 
register 
at a time 
to be 
loaded 
from the internal 
bus. Both bytes are trans- 
ferred 
to the CE simultaneously. 
CRM and CRL are 
cleared 
when 
the 
Counter 
is programmed. 
In this 
way, if the Counter 
has been 
programmed 
for one 
byte counts (either most significant 
byte only or least 
significant 
byte 
only) 
the 
other 
byte 
will 
be zero. 
Note that the CE cannot 
be written 
into; whenever 
a 
count is written, 
it is written 
into the CR. 


The Control 
Logic is also shown in the diagram. 
CLK 
n, GATE n, and OUT n are all connected 
to the out- 
side world through 
the Control 
Logic. 


The 82C54 is treated 
by the systems 
software 
as an 
array of peripheral 
I/O ports; three are counters 
and 
the fourth 
is a control 
register 
for MODE 
program- 
ming. 


Basically, 
the select inputs Ao, A1 connect 
to the Ao, 


A1 address 
bus signals 
of the CPU. The CS can be 
derived 
directly 
from the address 
bus using a linear 
select method. 
Or it can be connected 
to the output 
of a decoder, 
such as an Intel 8205 for larger 
sys- 
tems. 


After power-up, 
the state of the 82C54 is undefined. 


The Mode, 
count 
value, 
and output 
of all Counters 
are undefined. 


How each Counter 
operates 
is determined 
when it is 
programmed. 
Each 
Counter 
must 
be programmed 
before it can be used. Unused counters 
need not be 
programmed. 


Control Word Format 


A1, Ao = 11 
CS = 0 
RD = 


Counters 
are programmed 
by writing a Control 
Word 
and then an initial count. The control 
word format 
is 
shown 
in Figure 7. 


All Control 
Words 
are written 
into the Control 
Word 
Register, 
which 
is selected 
when A1' Ao = 11. The 
Control 
Word itself specifies 
which Counter 
is being 
programmed. 


By contrast, 
initial counts 
are written 
into the Coun- 
ters, not the Control 
Word 
Register. 
The A1' AO in- 
puts are used 
to select 
the 
Counter 
to be written 
into. The format 
of the initial count is determined 
by 
the Control 
Word used. 


SC - 
Select 
Counter: 


SC1 
SCO 


0 
0 
Select Counter 0 


0 
1 
Select Counter 
1 


1 
0 
Select Counter 2 


1 
1 
Read-Back 
Command 
(See Read Operations) 


RW - 
Read/Write: 
RW1 RWO 


0 
0 
Counter 
Latch Command 
(see Read 
Operations) 


0 
1 
Read/Write 
least significant 
byte only. 


1 
0 
Read/Write 
most significant 
byte only. 


1 
1 
Read/Write 
least significant 
byte first, 
then most significant 
byte. 


NOTE: Don't 
care bits (X) should 
be 0 to insure 


compatibility 
with future 
Intel products. 


M-MODE: 


M2 
M1 


0 
0 
0 
Mode 0 


0 
0 
1 
Mode 1 


X 
1 
0 
Mode 2 


X 
1 
1 
Mode 3 


1 
0 
0 
Mode 4 


1 
0 
1 
Mode 5 


0 
Binary Counter 
16-bits 


1 
Binary Coded Decimal (BCD) Counter 
(4 Decades) 


• 


ijgt~rammlng 
procedure 
for the 82C54 
is verY"''''~ 
ceptable. 
flexible. 
Only two conventions 
need to be remem- 
bered: 


1) 
For each 
Counter, 
the 
Control 
Word 
must 
be 
written 
before the initial count is written. 


2) 
The 
initial 
count 
must 
follow 
the 
count 
format 
specified 
in the 
Control 
Word 
(least 
significant 
byte only, most significant 
byte only, or least sig- 
nificant 
byte and then most significant 
byte). 


Since 
the 
Control 
Word 
Register 
and 
the 
three 
Counters 
have separate 
addresses 
(selected 
by the 
A1' Ao inputs), and each Control 
Word specifies 
the 
Counter 
it applies 
to (SCa, SC1 bits), no special 
in- 


A new initial 
count 
may be written 
to a Counter 
at 


any 
time 
without 
affecting 
the 
Counter's 
pro- 
grammed 
Mode in any way. Counting 
will be affected 
as described 
in the Mode definitions. 
The new count 


must follow 
the programmed 
count format. 


If a Counter 
is programmed 
to read/write 
two-byte 
counts, 
the following 
precaution 
applies: 
A program 
must 
not transfer 
control 
between 
writing 
the first 
and second 
byte to another 
routine which also writes 
into that same Counter. 
Otherwise, 
the Counter 
will 
be loaded 
with an incorrect 
count. 


A1 
Ao 
A1 
Ao 
Control Word - 
Counter a 
1 
1 
Control Word - 
Counter 2 
1 
1 
LSB of count - 
Counter a 
a 
a 
Control Word - 
Counter 
1 
1 
1 
MSB of count - 
Counter a 
a 
a 
Control Word - 
Counter a 
1 
1 
Control Word - 
Counter 
1 
1 
1 
LSB of count- 
Counter 2 
1 
a 
LSB of count - 
Counter 
1 
a 
1 
MSB of count- 
Counter 2 
1 
a 
MSB of count - 
Counter 
1 
a 
1 
LSB of count- 
Counter 
1 
a 
1 
Control Word - 
Counter 2 
1 
1 
MSB of count - 
Counter 
1 
a 
1 
LSB of count - 
Counter 2 
1 
a 
LSB of count- 
Counter a 
a 
a 
MSB of count - 
Counter 2 
1 
a 
MSB of count- 
Counter a 
a 
a 


A1 
Ao 
A1 
Ao 
Control Word - 
Counter a 
1 
1 
Control Word - 
Counter 
1 
1 
1 
Counter Word - 
Counter 
1 
1 
1 
Control Word - 
Counter a 
1 
1 
Control Word - 
Counter 2 
1 
1 
LSB of count - 
Counter 
1 
a 
1 
LSB of count - 
Counter 2 
1 
a 
Control Word - 
Counter 2 
1 
1 
LSB of count - 
Counter 
1 
a 
1 
LSB of count- 
Counter a 
a 
a 
LSB of count - 
Counter a 
a 
a 
MSB of count - 
Counter 
1 
a 
1 
MSB of count- 
Counter a 
a 
a 
LSB of count - 
Counter 2 
1 
a 
MSB of count- 
Counter 
1 
a 
1 
MSB of count- 
Counter a 
a 
a 
MSB of count - 
Counter 2 
1 
a 
MSB of count - 
Counter 
2 
1 
a 


NOTE: 
In all four examples, all counters are programmed to read/write two-byte counts. 
These are only four of many possible programming sequences. 


It is often 
desirable 
to read the value 
of a Counter 
without 
disturbing 
the count in progress. 
This is easi- 
ly done in the 82C54. 


There 
are three 
possible 
methods 
for reading 
the 
counters: 
a 
simple 
read 
operation, 
the 
Counter 


Latch 
Command, 
and 
the 
Read-Back 
Command. 


Each is explained 
below. The first method 
is to per- 
form a simple 
read operation. 
To read the Counter, 


which 
is selected 
with the A 1, Aa inputs, 
the CLK 
input of the selected 
Counter 
must be inhibited 
by 
using either the GATE input or external 
logic. Other- 


wise, the count 
may be in the process 
of changing 
when it is read, giving an undefined 
result. 


inter 


The second 
method 
uses the "Counter 
latch 
Com- 


mand". 
Like a Control Word, this command 
is written 


to 
the 
Control 
Word 
Register, 
which 
is selected 


when 
A1, Ao = 11. Also 
like a Control 
Word, 
the 


sca, SC1 bits select one of the three Counters, 
but 


two other bits, 05 and 04, distinguish 
this command 


from a Control 
Word. 


a 
a 
a 
a 
1 
1 
1 
a 
2 
1 
1 
Read-Back 
Command 


x - don't 
care 


NOTE: 
Don't 
care 
bits (X) should 
be 0 to insure 
compatibility 


with future 
Intel products. 


The selected 
Counter's 
output latch (Ol) 
latches the 


count 
at the time 
the 
Counter 
latch 
Command 
is 


received. 
This count is held in the latch until it is read 


by the CPU (or until the Counter 
is reprogrammed). 
The count 
is then 
unlatched 
automatically 
and the 


Ol 
returns to "following" 
the counting 
element 
(CE). 
This 
allows 
reading 
the 
contents 
of the 
Counters 


"on 
the fly" 
without 
affecting 
counting 
in progress. 


Multiple 
Counter 
latch 
Commands 
may be used to 


latch 
more 
than 
one Counter. 
Each 
latched 
Coun- 


ter's Ol 
holds its count until it is read. Counter 
latch 


Commands 
do not affect 
the programmed 
Mode of 


the Counter 
in any way. 


If a Counter 
is latched 
and then, 
some 
time 
later, 


latched 
again 
before 
the count 
is read, the second 


Counter 
latch 
Command 
is ignored. 
The count read 


will be the count 
at the time the first Counter 
latch 


Command 
was issued. 


With either method, 
the count must be read accord- 


ing to the 
programmed 
format; 
specifically, 
if the 


Counter 
is programmed 
for 
two 
byte 
counts, 
two 


bytes must be read. The two bytes do not have to be 
read one right after the other; 
read or write or pro- 


gramming 
operations 
of other 
Counters 
may be in- 


serted 
between 
them. 


Another 
feature 
of 
the 
82C54 
is that 
reads 
and 


writes 
of the same Counter 
may be interleaved; 
for 


example, 
if the Counter 
is programmed 
for two byte 


counts, 
the following 
sequence 
is valid. 


1. Read least significant 
byte. 


2. Write new least significant 
byte. 


3. Read most significant 
byte. 


4. Write new most significant 
byte. 


If a Counter 
is programmed 
to read/write 
two-byte 


counts, 
the following 
precaution 
applies; 
A program 


must not transfer 
control 
between 
reading 
the first 


and second 
byte to another 
routine which also reads 


from 
that 
same 
Counter. 
Otherwise, 
an 
incorrect 


count will be read. 


The 
third 
method 
uses 
the 
Read-Back 
command. 


This command 
allows 
the user to check 
the count 


value, 
programmed 
Mode, 
and current 
state 
of the 


OUT pin and Null Count 
flag of the selected 
coun- 


ter(s). 


The command 
is written 
into the Control 
Word Reg- 


ister and 
has the format 
shown 
in Figure 
1a. The 


command 
applies 
to the counters 
selected 
by set- 


ting their corresponding 
bits 03,02,01 
= 1. 


05: 0 = Latch count 
of selected 
counter(s) 


04: 0 = Latch status 
of selected 
counter(s) 


03: 1 = Select 
counter 
2 
02: 1 = Select 
counter 
1 
01: 1 = Select 
counter 
0 
Do: Reserved 
for future 
expansion; 
must be 0 


The read-back 
command 
may be used to latch multi- 


ple 
counter 
output 
latches 
(Ol) 
by 
setting 
the 


COUNT 
bit 05 = 0 and selecting 
the desired 
coun- 


ter(s). 
This 
single 
command 
is functionally 
equiva- 


lent 
to 
several 
counter 
latch 
commands, 
one 
for 


each ,counter latched. 
Each counter's 
latched 
count 


is held 
until 
it is 
read 
(or 
the 
counter 
is repro- 


grammed). 
That 
counter 
is automatically 
unlatched 


when 
read, but other 
counters 
remain 
latched 
until 


they are read. If multiple count read-back 
commands 


are issued to the same counter 
without 
reading 
the 


• 


count, 
all but the 
first 
are ignored; 
Le., the 
count 
which 
will be read is the count 
at the time the first 
read-back 
command 
was issued. 


The read-back 
command 
may also be used to latch 
status 
information 
of selected 
counter(s) 
by setting 
STATUS 
bit D4=0. 
Status 
must 
be latched 
to be 


read; status of a counter 
is accessed 
by a read from 


that counter. 


The counter 
status format is shown in Figure 11. Bits 
D5 through 
DO contain 
the counter's 
programmed 


Mode 
exactly 
as written 
in the 
last 
Mode 
Control 


Word. OUTPUT 
bit D7 contains 
the current 
state of 
the 
OUT 
pin. This 
allows 
the 
user to monitor 
the 


counter's 
output 
via software, 
possibly 
eliminating 


some hardware 
from a system. 


07 1 = Out Pin is 1 
o = Out Pin is 0 
06 1 = Null count 


o = Count 
available 
for reading 
05-00 
Counter 
Programmed 
Mode 
(See Figure 7) 


Figure 
11. Status 
Byte 


NULL COUNT 
bit D6 indicates 
when the last count 


written 
to the counter 
register 
(CR) has been loaded 


into the counting 
element 
(CE). The exact time this 


happens 
depends 
on the Mode of the counter 
and is 


described 
in the Mode Definitions, 
but until the count 


is loaded 
into the counting 
element 
(CEl, it can't be 


read from the counter. 
If the count is latched or read 
before 
this time, the count 
value will not reflect 
the 
new count just written. 
The operation 
of Null Count 


is shown 
in Figure 
12. 


Command 
07 06 05 04 03 02 01 00 


THIS ACTION: 
A. Write to the control 


word registed11 


B. Write to the count 
register 
(CR);[2] 


C. New count is loaded 
into CE (CR -+ GE); 


[1J Only the counter 
specified 
by the control 
word 
will 


have 
its null 
count 
set 
to 
1. Null 
count 
bits 
of other 


counters 
are unaffected. 


[2] If the 
counter 
is programmed 
for two-by1e 
counts 
(least 
significant 
by1e then 
most 
significant 
by1e) null 


count 
goes to 1 when 
the second 
by1e is written. 


Figure 
12. Null Count 
Operation 


If multiple 
status 
latch 
operations 
of the counter(s) 


are performed 
without 
reading the status, all but the 


first are ignored; 
Le., the status 
that will be read is 


the status of the counter 
at the time the first status 


read-back 
command 
was issued. 


Both 
count 
and 
status 
of the 
selected 
counter(s) 


may 
be 
latched 
simultaneously 
by 
setting 
both 


COUNT 
and STATUS 
bits D5,D4=0. 
This 
is func- 


tionally the same as issuing two separate 
read-back 


commands 
at once, 
and the above 
discussions 
ap- 


ply here also. 
Specifically, 
if multiple 
count 
and/or 


status read-back 
commands 
are issued to the same 


counter(s) 
without 
any intervening 
reads, all but the 


first are ignored. 
This is illustrated 
in Figure 
13. 


If both count and status of a counter 
are latched, 
the 


first read operation 
of that counter 
will return latched 


status, 
regardless 
of which 
was 
latched 
first. 
The 


next one or two 
reads 
(depending 
on whether 
the 


counter 
is programmed 
for one or two type counts) 


return 
latched 
count. 
Subsequent 
reads 
return 
un- 


latched 
count. 


1 
1 
0 
0 
0 
0 
1 
0 
Read back count and status of 
Count and status latched 


Counter 0 
for Counter 0 


1 
1 
1 
0 
0 
1 
0 
0 
Read back status of Counter 
1 
Status latched for Counter 
1 


1 
1 
1 
0 
1 
1 
0 
0 
Read back status of Counters 
2, 1 
Status latched for Counter 
2, but not Counter 
1 


1 
1 
0 
1 
1 
0 
0 
0 
Read back count of Counter 2 
Count latched for Counter 
2 


1 
1 
0 
0 
0 
1 
0 
0 
Read back count and status of 
Count latched for Counter 
1, 


Counter 
1 
but not status 


1 
1 
1 
0 
0 
0 
1 
0 
Read back status of Counter 
1 
Command 
ignored, 
status 
already latched for Counter 
1 


Figure 
13. Read-Back 
Command 
Example 


3-90 


CS 
RD 
WR 
Al 
AO 


0 
1 
0 
0 
0 
Write into Counter 0 


0 
1 
0 
0 
1 
Write into Counter 
1 


0 
1 
0 
1 
0 
Write into Counter 2 


0 
1 
0 
1 
1 
Write Control Word 


0 
0 
1 
0 
0 
Read from Counter 0 


0 
0 
1 
0 
1 
Read from Counter 
1 


0 
0 
1 
1 
0 
Read from Counter 2 


0 
0 
1 
1 
1 
No-Operation 
(3-State) 


1 
X 
X 
X 
X 
No-Operation 
(3-State) 


0 
1 
1 
X 
X 
No-Operation 
(3-State) 


The following 
are defined 
for use in describing 
the 
operation 
of the 82C54. 


ClK 
PULSE: a rising edge, then a falling edge, in 
that order, of a Counter's 
ClK 
input. 


TRIGGER: 
a rising edge of a Counter's 
GATE in- 
put. 


COUNTER 
lOADING: 
the transfer 
of a count from 
the CR to the CE (refer to 
the 
"Functional 
Descrip- 
tion") 


Mode 0 is typically 
used for event counting. 
After the 
Control 
Word is written, 
OUT is initially 
low, and will 
remain low until the Counter 
reaches zero. OUT then 
goes 
high and remains 
high until a new count 
or a 
new Mode 0 Control 
Word is written 
into the Coun- 
ter. 


GATE = 
1 enables 
counting; 
GATE 
0 disables 
counting. 
GATE has no effect 
on OUT. 


After the Control Word and initial count are written to 
a Counter, the initial count will be loaded on the next 
ClK 
pulse. This ClK 
pulse does not decrement 
the 
count, 
so for an initial count of N, OUT does not go 
high until N + 1 ClK 
pulses after the initial count is 
written. 


If a new count 
is written 
to the Counter, 
it will be 


loaded on the next ClK 
pulse and counting 
will con- 


tinue from the new count. 
If a twO-byte count is writ- 


ten, the following 
happens: 


1) Writing the first byte disables 
counting. 
OUT is set 
low immediately 
(no clock 
pulse required). 


2) Writing 
the second 
byte allows 
the new count 
to 
be loaded 
on the next ClK 
pulse. 


This allows the counting 
sequence 
to be synchroniz- 


ed by software. 
Again, OUT does not go high until N 


+ 1 ClK 
pulses after the new count of N is written. 


If an initial count 
is written 
while GATE 
= 0, it will 
still be loaded 
on the next ClK 
pulse. When 
GATE 


goes high, OUT will go high N ClK 
pulses 
later; no 
ClK 
pulse is needed 
to load the Counter as this has 


already 
been done. 


CW•• 10 
lSI 
••4 


Wli LJl....J~---------- 


GATE 


OUT 
.~ 
~ 


CW"'10 
lSB"'3 
WIILJl....J~-------- 


OUT=---'. 
....,- 


I ~ I ~~I 


OUT:=I 
,- 


ININININI 
I:I~I 
1~lgl~~1 
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NOTE: 
The 
Following 
Conventions 
Apply 
To All Mode 
Timing 


Diagrams: 
1. 
Counters 
are 
programmed 
for 
binary 
(not 
BCD) 


countinG 
and for Reading/Writing 
least 
significant 
byte 


(LSB) only. 
2. The counter 
is always 
selected 
(CS always 
low). 


3. CW stands 
for "Control 
Word"; 
CW = 10 means 
a 


control 
word of 10, hex is written 
to the counter. 


4. LSB stands 
for "Least 
Significant 
Byte" 
of count. 


5. Numbers 
below 
diagrams 
are count 
values. 


The lower number 
is the least significant 
byte. 
The 
upper 
number 
is the 
most 
significant 
byte. 
Since 


the 
counter 
is programmed 
to 
Read/Write 
LSB 
only, 


the most significant 
byte cannot 
be read. 


N stands 
for an undefined 
count. 


Vertical 
lines show transitions 
between 
count 
values. 


• 


MODE 
1: HARDWARE 
RETRIGGERABLE 
ONE-SHOT 


OUT will be initially high. OUT will go low on the ClK 
pulse following 
a trigger to begin the one-shot 
pulse, 
and will remain 
low until the Counter 
reaches 
zero. 
OUT will then go high and remain high until the ClK 
pulse after the next trigger. 


After 
writing 
the Control 
Word and initial count, 
the 
Counter 
is armed. 
A trigger 
results 
in loading 
the 
Counter and setting OUT low on the next ClK 
pulse, 
thus starting the one-shot 
pulse. An initial count of N 
will result in a one-shot 
pulse N ClK 
cycles 
in dura- 
tion. The one-shot 
is retriggerable, 
hence 
OUT will 
remain 
low for N ClK 
pulses 
after any trigger. 
The 
one-shot 
pulse can be repeated 
without 
rewriting the 
same count into the counter. 
GATE has no effect on 
OUT. 


If a new count is written to the Counter during a one- 
shot pulse, the current 
one-shot 
is not affected 
un- 
less 
the 
Counter 
is retriggered. 
In that 
case, 
the 
Counter 
is loaded 
with the new count 
and the one- 
shot pulse continues 
until the new count expires. 


CW:z12 
lSB=J 


ViR IJU---------- 


CW=12 
LSB::::3 
WllL...JU-------- 


OUT 
~ 


INININININI~I:I~I 


~ 
__ 
----,f 


I ~ 
t 
~ I 


I N I N I N I N I N I : I ~ I : I ~~I ~:I : I ~ I 
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This Mode functions 
like a divide-by-N 
counter. 
It is 
typicially 
used to generate 
a Real Time Clock inter- 
rupt. OUT will initially be high. When the initial count 
has decremented 
to 1, OUT goes low for one ClK 
pulse. 
OUT then 
goes 
high again, 
the Counter 
re- 
loads the initial count 
and the process 
is repeated. 


Mode 2 is periodic; 
the same sequence 
is repeated 
indefinitely. 
For an initial count 
of N, the sequence 
repeats 
every N ClK 
cycles. 


GATE = 
1 enables 
counting; 
GATE = 0 disables 
counting. 
If GATE goes low during an output 
pulse, 
OUT is set high immediately. 
A trigger 
reloads 
the 
Counter with the initial count on the next ClK 
pulse; 


OUT goes low N ClK 
pulses after the trigger. 
Thus 
the 
GATE 
input 
can 
be 
used 
to 
synchronize 
the 
Counter. 


After 
writing 
a Control 
Word 
and 
initial 
count, 
the 
Counter 
will be loaded 
on the next ClK 
pulse. OUT 
goes low N ClK 
Pulses after the initial count 
is writ- 
ten. This allows 
the Counter 
to be synchronized 
by 
software 
also. 


cw=u 
Lse.3 


WJi IJU~--------- 


ININININI:I~I:I~I:I:I~I 
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NOTE: 
A GATE 
transition 
should 
not occur 
one clock 
prior to 
terminal 
count. 


:- .•.._.r 
..~ ~ 
..,__..__ 
~~ 
. 


ceived 
after writing 
a new count 
but before the end 
of the current 
period, the Counter will be loaded with 
the new count 
on the next ClK 
pulse and counting 
will 
continue 
from 
the 
new 
count. 
Otherwise, 
the 
new count 
will be loaded 
at the end of the current 
counting 
cycle. 
In mode 2, a COUNT 
of 1 is illegal. 


Mode 
3 is typically 
used for Baud rate generation. 


Mode 3 is similar to Mode 2 except for the duty cycle 
of OUT. OUT will initially 
be high. When half the ini- 
tial count has expired, OUT goes low for the remain- 
der of the count. 
Mode 3 is periodic; 
the sequence 
above 
is repeated 
indefinitely. 
An initial count 
of N 
results 
in a square 
wave 
with 
a period 
of N ClK 
cycles. 


GATE 
= 1 enables 
counting; 
GATE 
= 0 disables 
counting. 
If GATE goes low while OUT is low, OUT is 
set high immediately; 
no ClK 
pulse 
is required. 
A 
trigger 
reloads 
the Counter 
with the initial count 
on 
the next ClK 
pulse. 
Thus 
the GATE 
input 
can be 
used to synchronize 
the Counter. 


After 
writing 
a Control 
Word 
and 
initial 
count, 
the 
Counter 
will be loaded 
on the next ClK 
pulse. This 
allows 
the Counter 
to be synchronized 
by software 
also. 


Writing 
a new count 
while counting 
does 
not affect 
the 
current 
counting 
sequence. 
If a trigger 
is re- 
ceived 
after writing 
a new count 
but before the end 
of the 
current 
half-cycle 
of the 
square 
wave, 
the 
Counter 
will be loaded 
with the 
new count 
on the 
next ClK 
pulse and counting 
will continue 
from the 
new count. Otherwise, 
the new count will be loaded 
at the end of the current 
half-cycle. 


Even counts: 
OUT is initially high. The initial count is 
loaded 
on one ClK 
pulse and then is decremented 
by two on succeeding 
ClK 
pulses. 
When the count 
expires 
OUT changes 
value and the Counter 
is re- 
loaded 
with the initial count. 
The above 
process 
is 


repeated 
indefinitely. 


Odd counts: 
OUT 
is initially 
high. The 
initial 
count 
minus one (an even number) 
is loaded 
on one ClK 
pulse and then is decremented 
by two on succeed- 
ing ClK 
pulses. 
One ClK 
pulse after the count 
ex- 
pires, 
OUT 
goes 
low and the Counter 
is reloaded 
with 
the 
initial 
count 
minus 
one. 
Succeeding 
ClK 
pulses decrement 
the count by two. When the count 
expires, 
OUT 
goes 
high again 
and the 
Counter 
is 
reloaded 
with the initial count minus one. The above 
process 
is repeated 
indefinitely. 
So for odd counts, 


I • I • I • I • I : I : I : I : I : I : I : I : I : I : I 
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NOTE: 
A GATE 
transition 
should 
not occur 
one clock 
prior 
to 


terminal 
count. 


OUT will be initially 
high. When the initial count 
ex- 


pires, OUT will go low for one ClK 
pulse and then 


go high again. The counting 
sequence 
is "triggered" 


by writing the initial count. 


GATE 
= 1 enables 
counting; 
GATE 
= 0 disables 


counting. 
GATE has no effect 
on OUT. 


After 
writing 
a Control 
Word 
and 
initial 
count, 
the 


Counter 
will be loaded 
on the next ClK 
pulse. This 


ClK 
pulse does not decrement 
the count, 
so for an 


initial 
count 
of 
N, OUT 
does 
not 
strobe 
low 
until 


N + 1 ClK 
pulses after the initial count 
is written. 


If a new count 
is written 
during 
counting, 
it will be 


loaded on the next ClK 
pulse and counting 
will con- 


tinue from the new count. 
If a two-byte 
count is writ- 


ten, the following 
happens: 


• 


1) Writing the first byte has no effect 
on counting. 


2) Writing 
the second 
byte allows the new count to 
be loaded 
on the next ClK 
pulse. 


This 
allows 
the 
sequence 
to 
be 
"retriggered" 
by 


software. 
OUT strobes 
low N + 1 ClK 
pulses 
after 
the new count of N is written. 


CW;lIl 
lse"'3 
WIlLn-J--------- 


GATE 


OUT~ 


CW•• 18 
lSB.3 
WIlLn-J--------- 


OUT~ 
LF 


I N I 
N I 
N I 
N I ~ I : I ~I ~ I 
I ~ I ;; I 
231244-12 


MODE 
5: HARDWARE 
TRIGGERED 
STROBE 


(RETRIGGERABLE) 


OUT will initially 
be high. Counting 
is triggered 
by a 


rising edge of GATE. When the initial count 
has ex- 


pired, OUT will go low for one ClK 
pulse and then 


go high again. 


After writing 
the Control 
Word and initial count, 
the 


counter will not be loaded until the ClK 
pulse after a 


trigger. 
This 
ClK 
pulse 
does 
not 
decrement 
the 


count, 
so for an initial 
count 
of N, OUT 
does 
not 


strobe 
low until N + 1 ClK 
pulses after a trigger. 


A trigger results in the Counter 
being loaded with the 


initial 
count 
on the 
next 
ClK 
pulse. 
The 
counting 


sequence 
is retriggerable. 
OUT will not strobe 
low 
for N + 1 ClK 
pulses 
after any trigger. 
GATE 
has 


no effect 
on OUT. 


If a new count is written 
during counting, 
the current 


counting 
sequence 
will not be affected. 
If a trigger 


occurs 
after the new count 
is written 
but before 
the 


current 
count 
expires, 
the 
Counter 
will 
be loaded 


with 
the 
new 
count 
on 
the 
next 
ClK 
pulse 
and 


counting 
will continue 
from there. 


CW=,A 
LSB=3 


w"1l LJ1...J--------- 


CW=lA 
lSB=3 


WR LJ1...Jr------------ 


I N I 
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Signal 
Low 
Status 
Or Going 
Rising 
High 


Modes 
Low 


0 
Disables 
- 
Enables 
counting 
counting 


1 
- 
1) Initiates 
- 
counting 
2) Resets 
output 
after next 


clock 


2 
1) Disables 


counting 
Initiates 
Enables 
2) Sets output 
counting 
counting 
immediately 
high 


3 
1) Disables 


counting 
Initiates 
Enables 
2) Sets output 
counting 
counting 
immediately 
high 


4 
Disables 
- 
Enables 
counting 
counting 


5 
- 
Initiates 
- 
counting 


MODE 
MIN 
MAX 
COUNT 
COUNT 


0 
1 
0 


1 
1 
0 


2 
2 
0 


3 
2 
0 


4 
1 
0 


NOTE: 
o is equivalent 
to 216 for binary 
counting 
and 
104 for 
BCD counting 


Programming 


When 
a Control 
Word 
is written 
to a Counter, 
all 
Control 
logic 
is immediately 
reset and OUT goes to 
a known 
initial state; no ClK 
pulses are required 
for 
this. 


The 
GATE 
input 
is always 
sampled 
on the 
rising 
edge of ClK. 
In Modes 0,2,3, 
and 4 the GATE input 
is level sensitive, 
and the logic level is sampled 
on 
the rising edge of ClK. 
In Modes 
1, 2, 3, and 5 the 
GATE input is rising-edge 
sensitive. 
In these Modes, 


a rising edge of GATE (trigger) 
sets an edge-sensi- 
tive flip-flop 
in the Counter. This flip-flop 
is then sam- 
pled on the next rising edge of ClK; 
the flip-flop 
is 
reset immediately 
after it is sampled. 
In this way, a 
trigger will be detected 
no matter when it occurs-a 
• 
high logic level does not have to be maintained 
until 
the next rising edge of ClK. 
Note that 
in Modes 
2 
and 3, the GATE input is both edge- and level-sensi- 
tive. In Modes 
2 and 3, if a ClK 
source 
other than 
the system 
clock 
is used, GATE 
should 
be pulsed 
immediately 
following 
WR of a new count value. 


New 
counts 
are 
loaded 
and 
Counters 
are 
decre- 
mented 
on the falling edge of ClK. 


The largest 
possible 
initial count is 0; this is equiva- 
lent 
to 
216 
for 
binary 
counting 
and 
104 for 
BCD 
counting. 


The Counter 
does not stop when it reaches 
zero. In 
Modes 0, 1, 4, and 5 the Counter 
"wraps 
around" 
to 
the highest count, either FFFF hex for binary count- 
ing or 9999 for BCD counting, 
and continues 
count- 
ing. Modes 2 and 3 are periodic; the Counter 
reloads 
itself 
with the 
initial 
count 
and 
continues 
counting 
from there. 
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NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings only. Operation 
beyond 
the 


"Operating 
Conditions" 
is not recommended 
and ex- 


tended exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


Ambient 
Temperature 
Under Bias 
O·C to 70·C 
Storage Temperature 
-65· 
to + 150·C 
Supply Voltage 
- 0.5 to + 8.0V 
Operating 
Voltage 
+ 4V to + 7V 
Voltage 
on any Input 
GND -2V 
to +6.5V 
Voltage 
on any Output 
.. GND - 0.5V to Vcc 
+ 0.5V 
Power Dissipation 
1 Watt 


D.C. CHARACTERISTICS 
(TA=O·C 
to 70·C, VCC=5V± 
10%, GND=OV) 
(TA = 
-40·C 
to +85·C 
for Extended 
Temperature) 


Symbol 
Parameter 
Min 
Max 
Units 
Test Conditions 


VIL 
Input low Voltage 
-0.5 
0.8 
V 


VIH 
Input High Voltage 
2.0 
Vcc + 0.5 
V 


VOL 
Output low Voltage 
0.4 
V 
IOL = 2.5 mA 


VOH 
Output High Voltage 
3.0 
V 
IOH = -2.5 
mA 
VCC - 
0.4 
V 
IOH = -100 
/LA 


IlL 
Input load Current 
±2.0 
/LA 
VIN= Vee to OV 


IOFL 
Output Float leakage 
Current 
±10 
/LA 
VouT=Vee 
to O.OV 


lec 
Vee Supply Current 
20 
mA 
Clk Freq= 
8MHz 82C54 


1OMHz 82C54-2 


IceSB 
Vec Supply Current-Standby 
10 
/LA 
ClK Freq = DC 
CS = Vee. 
AlllnputslData 
Bus Vec 
All Outputs Floating 


leeSB1 
Vee Supply Current-Standby 
150 
/LA 
ClK Freq = DC 
CS = Vee. All Other Inputs, 
I/O Pins = VGND,Outputs Open 


CIN 
Input Capacitance 
10 
pF 
fc = 1 MHz 


CliO 
I/O Capacitance 
20 
pF 
Unmeasured pins 


COUT 
Output Capacitance 
20 
pF 
returned to GND(5) 


A.C. CHARACTERISTICS 
(TA = 
O·C to 70·C, VCC = 
5V ± 10%, GND 
= OV) (TA = 
- 40·C to + 85·C for Extended 
Temperature) 


BUS PARAMETERS 
(Note 1) 


READ CYCLE 


Symbol 
Parameter 
82C54 
82C54·2 
Units 
Min 
Max 
Min 
Max 


tAR 
Address Stable Before RD J. 
45 
30 
ns 


tSR 
CS Stable Before RD J. 
0 
0 
ns 


tRA 
Address Hold Time After RD t 
0 
0 
ns 


tRR 
RD Pulse Width 
150 
95 
ns 


tRD 
Data Delay from RD J. 
120 
85 
ns 


tAD 
Data Delay from Address 
220 
185 
ns 


tDF 
RD t to Data Floating 
5 
90 
5 
65 
ns 


tRY 
Command Recovery Time 
200 
165 
ns 


NOTE: 
1. AC timings measured at VOH = 2.aV, VOL = a.BV. 
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Symbol 
Parameter 
82C54 
82C54-2 
Units 
Min 
Max 
Min 
Max 


tAW 
Address 
Stable Before WR .!- 
0 
0 
ns 


tsw 
CS Stable Before WR .!- 
0 
0 
ns 


tWA 
Address 
Hold Time After WR i 
0 
0 
ns 


tww 
WR Pulse Width 
150 
95 
ns 


tow 
Data Setup Time Before WR i 
120 
95 
ns 


two 
Data Hold Time After WR i 
0 
0 
ns 


tRY 
Command 
Recovery 
Time 
200 
165 
ns 


Symbol 
Parameter 
82C54 
82C54-2 
Units 
Min 
Max 
Min 
Max 


tClK 
Clock Period 
125 
DC 
100 
DC 
ns 


tpWH 
High Pulse Width 
60(3) 
30(3) 
ns 


tpWl 
low 
Pulse Width 
60(3) 
50(3) 
ns 


TR 
Clock Rise Time 
25 
25 
ns 


tF 
Clock Fall Time 
c 
25 
25 
ns 


tGW 
Gate Width High 
50 
50 
ns 


tGl 
Gate Width low 
50 
50 
ns 


tGS 
Gate Setup Time to ClK i 
50 
40 
ns 


tGH 
Gate Hold Time After ClK i 
50(2) 
50(2) 
ns 


Too 
Output Delay from ClK .!- 
150 
100 
ns 


toOG 
Output Delay from Gate .!- 
120 
100 
ns 


twc 
ClK 
Delay for loading(4) 
0 
55 
0 
55 
ns 


tWG 
Gate Delay for Sampling(4) 
-5 
50 
-5 
40 
ns 


two 
OUT Delay from Mode Write 
260 
240 
ns 


tCl 
ClK 
Set Up for Count latch 
-40 
45 
-40 
40 
ns 


NOTES: 
2. In Modes 1 and 5 triggers are sampled on each rising clock edge. A second trigger within 120 ns (70 ns for the 82C54-2) 
of the rising clock edge may not be detected. 
3. Low-going glitches that violate tpWH,tpWL may cause errors requiring counter reprogramming. 
4. Except for Ex1endedTemp., See Extended Temp. A.C. Characteristics below. 
5. Sampled not 100% tested. TA = 25"C. 
6. If ClK present at Twe min then Count equals N+ 2 ClK pulses, Twc max equals Count N+ 1 ClK pulse. Twc min to 
Twc max, count will be either N+ 1 or N+ 2 ClK pulses. 
7. In Modes 1 and 5, if GATE is present when writing a new Count value, at TWGmin Counter will not be triggered, at TWG 
max Counter will be triggered. 
8. If ClK present when writing a Counter latch or ReadBack Command, at TCL min ClK will be reflected in count value 
latched, at TCL max CLK will not be reflected in the count value latched. Writing a Counter Latch or ReadBack Command 
between TCL min and TWl max will result in a latched count vallue which is ± one least significant bit. 


Symbol 
Parameter 
82C54 
82C54-2 
Units 
Min 
Max 
Min 
Max 


twc 
ClK 
Delay for loading 
-25 
25 
-25 
25 
ns 


tWG 
Gate Delay for Sampling 
-25 
25 
-25 
25 
ns 
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A.C. Testing: Inputs are driven at 2.4V for a logic "1" and 0.45V 
for a logic "0." Timing measurements are made at 2.0V for a logic 
"1" and 0.6V for a logic "0." 
• 
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8255A/8255A-5 
PROGRAMMABLE 
PERIPHERAL INTERFACE 


• 
MCS-85™ 
Compatible 
8255A-5 


• 
24 Programmable 
I/O Pins 


• 
Completely 
TTL Compatible 


• 
Fully Compatible 
with Intel 
Microprocessor 
Families 


• 
Improved 
Timing Characteristics 


• 
Direct Bit Set/Reset 
Capability 
Easing 
Control 
Application 
Interface 


• 
Reduces 
System 
Package 
Count 


• 
Improved 
DC Driving Capability 


• 
Available 
in EXPRESS 
- 
Standard 
Temperature 
Range 
- 
Extended 
Temperature 
Range 


• 
40 Pin DIP Package 
or 44 Lead PLCC 


(See 
Intel Packaging: 
Order 
Number: 
231369) 


The Intel 8255A is a general purpose 
programmable 
I/O device designed 
for use with Intel microprocessors. 
It 
has 24 I/O 
pins which 
may be individually 
programmed 
in 2 groups 
of 12 and used in 3 major 
modes 
of 
operation. 
In the first mode (MODE 0), each group of 12 I/O pins may be programmed 
in sets of 4 to be input 
or output. 
In MODE 1, the second 
mode, each group may be programmed 
to have 8 lines of input or output. Of 
the remaining 
4 pins, 3 are used for handshaking 
and interrupt 
control 
signals. 
The third mode of operation 
(MODE 
2) is a bidirectional 
bus mode which 
uses 8 lines for a bidirectional 
bus, and 5 lines, borrowing 
one 
from the other group, for handshaking. 


""__{_+§V 


•••••••.E$ 
_GHO 


231308-2 
Figure 2. Pin 
Configuration 
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The 8255A 
is a programmable 
peripheral 
interface 


(PPI) device designed 
for use in Intel microcomputer 


systems. 
Its function 
is that of a general 
purpose 
I/O 


component 
to interface 
peripheral 
equipment 
to the 


microcomputer 
system 
bus. The functional 
configu- 


ration 
of the 8255A 
is programmed 
by the system 


software 
so that normally 
no external 
logic is neces- 
sary to interface 
peripheral 
devices 
or structures. 


This 3-state 
bidirectional 
8-bit buffer is used to inter- 


face 
the 
8255A 
to the 
system 
data 
bus. 
Data 
is 


transmitted 
or received 
by the buffer upon execution 


of input or output 
instructions 
by the CPU. Control 


words 
and 
status 
information 
are also 
transferred 


through 
the data bus buffer. 


Read/Write 
and Control Logic 


The function 
of this 
block 
is to manage 
all of the 


internal 
and 
external 
transfers 
of 
both 
Data 
and 


Control 
or Status 
words. 
It accepts 
inputs from the 


READI 
WRITE 


A 
CONTROL 
,--- 
lOGIC 


CPU Address 
and Control 
busses and in turn, issues 


commands 
to both of the Control 
Groups. 


Chip Select. 
A "low" 
on this input pin enables 
the 


communication 
between 
the 8255A 
and the CPU. 


Read. A "low" 
on this input pin enables 
the 8255A 


to send the data or status information 
to the CPU on 


the data bus. In essence, 
it allows the CPU to "read 


from" 
the 8255A. 


Write. A "low" 
on this input pin enables 
the CPU to 


write data or control 
words 
into the 8255A. 


Port Select 
0 and Port Select 
1. These 
input sig- 


nals, in conjunction 
with the RD and WR inputs, con- 


trol the 
selection 
of one 
of the three 
ports 
or the 


control 
word registers. 
They are normally 
connected 


to the least 
significant 
bits of the address 
bus (Ao 


and A1). 


Figure 3. 8255A Block Diagram Showing 
Data Bus Buffer and Read/Write 
Control 
Logic Functions 
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inter 


A1 
Ao 
RD 
WR 
CS 
Input Operation 
(READ) 


0 
0 
0 
1 
0 
PortA 
~ 
Data Bus 


0 
1 
0 
1 
0 
Port B ~ 
Data Bus 


1 
0 
0 
1 
0 
PortC 
~ 
Data Bus 


Output Operation 
(WRITE) 


0 
0 
1 
0 
0 
Data Bus 
~ 
Port A 


0 
1 
1 
0 
0 
Dqta Bus ~ 
Port B 


1 
0 
1 
0 
0 
Data Bus 
---+ 
Port C 


1 
1 
1 
0 
0 
Data Bus ~ 
Control 


Disable Function 


X 
X 
X 
X 
1 
Data Bus 
---+ 
3-State 


1 
1 
0 
. 1 
0 
Illegal Condition 


X 
X 
1 
1 
0 
Data Bus 
---+ 
3-State 


Reset. A "high" 
on this input clears the control 
reg- 
ister and all ports (A, B, C) are set to the input mode. 


The 
functional 
configuration 
of 
each 
port 
is pro- 
grammed 
by the systems 
software. 
In essence, 
the 
CPU 
"outputs" 
a control 
word 
to the 
8255A. 
The 
control 
word contains 
information 
such as "mode", 
"bit 
set", 
"bit 
reset", 
etc., that 
initializes 
the func- 
tional configuration 
of the 8255A. 


Each of the Control 
blocks 
(Group A and Group 
B) 
accepts 
"commands" 
from the Read/Write 
Control 
Logic, 
receives 
"control 
words" 
from 
the 
internal 
data bus and issues the proper commands 
to its as- 
sociated 
ports. 


Control 
Group A-Port 
A and Port C upper (C7 -C4) 


Control 
Group B-Port 
B and Port Clower 
(C3-CO) 


The Control Word Register 
can Only be written 
into. 


No Read operation 
of the Control 
Word 
Register 
is 
allowed. 


Ports A, B, and C 


The 8255A 
contains 
three 
8-bit ports (A, B, and C). 


All can be configured 
in a wide variety 
of functional 
characteristics 
by the system 
software 
but each has 
its own special 
features 
or "personality" 
to further 
enhance 
the power and flexibility 
of the 8255A. 


Port A. One 8-bit data output 
latch/buffer 
and one 
8-bit data input latch. 


Port B. One 8-bit data input/output 
latch/buffer 
and 
one 8-bit data input buffer. 


Port C. One 8-bit data output 
latch/buffer 
and one 
8-bit data input buffer 
(no latch for input). This port 
can be divided 
into two 4-bit ports under the mode 
control. 
Each 4-bit port contains 
a 4-bit latch and it 
can be used for the control 
signal outputs and status 
signal inputs in conjunction 
with ports A and B. 


{_ .., 


POWER 


StHP\.I£S 
_ 
GND 


REAO 


WRITE 


COHTROI. 


cOCK: 


Pin Configuration 


'A3 
'u 


'A' 
'AS 


'A' 
'A" 


'A7 


WR 
cs 


GNO 
D. 


A' 
0, 


AO 
D. 


""7 
03 
8255A 
O. 


""s 


Dy-Do 
Data Bus (Bi-Directional) 


RESET 
Reset Input 


CS 
Chip Select 


RD 
Read Input 


WR 
Write Input 


AO, A1 
Port Address 


PA7-PAO 
PortA 
(BIT) 


PB7-PBO 
Port B (BIT) 


PC7-PCO 
Port C (BIT) 


Vcc 
+5 
Volts 


GND 
o Volts 


There 
are three 
basic 
modes 
of operation 
that can 


be selected 
by the system 
software: 


3-103 


• 


Mode D-Basic 
Input/Output 


Mode 
1-Strobed 
Input/Output 


When the reset input goes "high" 
all ports will be set 
to the input mode (Le., all 24 lines will be in the high 
impedance 
state). 
After 
the 
reset 
is removed 
the 
8255A 
can remain 
in the input mode with no addi- 
tional 
initialization 
required. 
During the execution 
of 
the system 
program 
any of the other modes may be 
selected 
using 
a single 
output 
instruction. 
This 
al- 
lows a single 8255A to service a variety of peripheral 
devices 
with a simple software 
maintenance 
routine. 


The modes for Port A and Port B can be separately 
defined,. while 
Port C is divided 
into two portions 
as 
required 
by the Port A and Port B definitions. 
All of 
the output 
registers, 
including 
the 
status 
flip-flops, 
will be reset whenever 
the mode is changed. 
Modes 
may be combined 
so that their functional 
definition 
can be "tailored" 
to almost 
any I/O 
structure. 
For 
instance; 
Group B can be programmed 
in Mode 0 to 
monitor 
simple 
switch 
clm.>ings or display 
computa- 
tional 
results, 
Group 
A 
could 
be 
programmed 
in 
Mode 1 to monitor 
a keyboard 
or tape reader on an 
interrupt-driven 
basis. 


C 
MOOE 2 


~o 
!! 4 1 
11 
11 
~1-DIRECTlONAl 


P87-PBo 
I/O 
-' .-C-O-NT-'R-Ol-' 
PA7-PAo 


Figure 5. Basic Mode Definitions 
and Bus 
Interface 


MODE SElECTION 
00- 
MODE 0 
01 •• MODE 1 
lX" 
MODE 2 


The mode definitions 
and possible 
mode 
combina- 
tions may seem confusing 
at first but after a cursory 
review 
of the complete 
device 
operation 
a simple, 
logical 
I/O approach 
will surface. 
The design 
of the 
8255A 
has taken 
into account 
things 
such 
as effi- 
cient PC board layout, control 
signal definition 
vs PC 
layout and complete 
functional 
flexibility 
to support 
almost 
any peripheral 
device 
with no external 
logic. 
Such 
design 
represents 
the 
maximum 
use 
of the 


.available 
pins. 


Any of the eight bits of Port C can be Set or Reset 
using a single 
OUTput 
instruction. 
This feature 
re- 
duces software 
requirements 
in Control-based 
appli- 
cations. 


BIT SELECT 
01234587 
0101010180 
0011001181 
00001111B 


When Port C is being used as status/control 
for Port 
A or B, these bits can be set or reset by using the Bit 
Set/Reset 
operation 
just as if they were data output 
ports. 


When the 8255A is programmed 
to operate 
in mode 
1 or mode 2, control 
signals are provided that can be 
used as interrupt 
request 
inputs to the CPU. The in- 
terrupt 
request 
signals, 
generated 
from port C, can 
be inhibited 
or enabled 
by setting 
or resetting 
the 
associated 
INTE 
flip-flop, 
using 
the 
bit 
set/reset 
function 
of port C. 


This function 
allows 
the Programmer 
to disallow 
or 
allow a specific 
I/O device to interrupt 
the CPU with- 


out affecting 
any other device 
in the interrupt 
struc- 
ture. 


(BIT-SET)-INTE 
is set-Interrupt 
enable 


(BIT-RESET)-INTE 
is RESET-Interrupt 
disable 


NOTE: 
All 
Mask 
flip-flops 
are 
automatically 
reset 
during 
mode selection 
and device 
Reset. 


MODE 0 (Basic Input/Output). 
This functional 
con- 
figuration 
provides 
simple 
input 
and output 
opera- 
tions for each of the three ports. No "handshaking" 
is required, 
data is simply 
written 
to or read from a 
specified 
port. 


Mode 0 Basic Functional 
Definitions: 


• 
Two 8-bit ports and two 4-bit ports. 


• 
Any port can be input or output. 


• 
Outputs 
are latched. 


• 
Inputs are not latched. 


• 
16 different 
Input/ Output 
configurations 
are pos- 
sible in this Mode. 


(------.Ro----....R:::::=:==.--.DF ~f --- 


• 


OUTPUT 
L..d_ 


A 
B 
Group A 
Group B 


04 
03 
01 
DO 
Port A 
PortC 
# 
Port B 
Port C 
(Upper) 
(Lower) 


0 
0 
0 
0 
OUTPUT 
OUTPUT 
0 
OUTPUT 
OUTPUT 


0 
0 
0 
1 
OUTPUT 
OUTPUT 
1 
OUTPUT 
INPUT 


0 
0 
1 
0 
OUTPUT 
OUTPUT 
2 
INPUT 
OUTPUT 


0 
0 
1 
1 
OUTPUT 
OUTPUT 
3 
INPUT 
INPUT 


0 
1 
0 
0 
OUTPUT 
INPUT 
4 
OUTPUT 
OUTPUT 


0 
1 
0 
1 
OUTPUT 
INPUT 
5 
OUTPUT 
INPUT 


0 
1 
1 
0 
OUTPUT 
INPUT 
6 
INPUT 
OUTPUT 


0 
1 
1 
1 
OUTPUT 
INPUT 
7 
INPUT 
INPUT 


1 
0 
0 
0 
INPUT 
OUTPUT 
8 
OUTPUT 
OUTPUT 


1 
0 
0 
1 
INPUT 
OUTPUT 
9 
OUTPUT 
INPUT 


1 
0 
1 
0 
INPUT 
OUTPUT 
10 
INPUT 
OUTPUT 


1 
0 
1 
1 
INPUT 
OUTPUT 
11 
INPUT 
INPUT 


1 
1 
0 
0 
INPUT 
INPUT 
12 
OUTPUT 
OUTPUT 


1 
1 
0 
1 
INPUT 
INPUT 
13 
OUTPUT 
INPUT 


1 
1 
1 
0 
INPUT 
INPUT 
14 
INPUT 
OUTPUT 


1 
1 
1 
1 
INPUT 
INPUT 
15 
INPUT 
INPUT 


inter 


CONTROL 
WORD 
#0 


0, 
D. 
D. 
D. 
03 
O2 
0, 
DO 
[EEEEffE] 


A 
PA7·pAo 


8255A 
C{ 


Pe7·pc. 


°7-00 
• 
°7-00 


Pe3,PeO 


B 
PB,.PBo 


231306-11 


CONTROL 
WORD 
#1 


07 
Os 
05 
04 
03 
02 
0, 
00 
[EEEEffE] 


A 
8 
, 
, 


8255A 
• 
C{ 


, 


. 
I(. 


B 
8 


CONTROL 
WORD #. 


0, 
06 
05 
D. 
03 
02 
0, 
00 
[EEEEffE] 


A 
PArPAo 


8255A 
• 
pc,.pc. 


°7,°0 
• 
C{ 
°7,00 
• 
Pe3-PeO 


PB,·pBo 


231306-15 


CONTROL 
WORD 
#2 


07 
D. 
05 
0.. 
03 
02 
0, 
00 
[EEEEffE] 


A 
8 


8255A 


• 
C{ 
• 


B 
8 


CONTROL 
WORD 
#3 


07 
D. 
05 
0. 
03 
02 
0, 
00 
[EEEEffE] 


A 


B, 


8255A 


• 
. 
. 
C{. 
I 


(. 


! 


B 
8 
, 


CONTROL 
WORD 
#6 


07 
06 
05 
04 
OJ 
02 
0, 
00 
[EEEEffE] 


A . 
I(8 


8255A 


• 
. 
. 
C{ 
,4 


B 
,8 


• 


inter 


CONTROL 
WORD 
iI5 


07 
D. 
05 
Dol 
03 
02 
0, 
DO 


~ 


CONTROL 
WORD 
#9 


~ 
06 
Os 
0. 
DJ 
02 
0, 
DO 


~ 


8 
A 
, 


8255A 
4 
C{ 


, 


,4 


8 
,8 


A 
i 
(8 


8255A 
4 
C{ 


, 


,4 


8 
( 8 
. 


CONTROL 
WORD 
iI5 


07 
06 
05 
DC 
03 
02 
01 
00 


~ 


CONTROL 
WORD #10 


07 
06 
05 
D. 
D3 
02 
0, 
DO 


~ 


A 
,8 


8255A 


(4 
C{ 


,4 


8 
,8 


A 
(8 


8255A 
C{ 


( 4 
. 
. 


(, 


8 
i 
( 8 


CONTROL 
WORD 
#7 


07 
06 
05 
0.. 
03 
02 
0, 
DO 


~ 


CONTROL 
WORD 
#11 


07 
D. 
Os 
0.. 
03 
02 
0, 
DO 


~ 


A 
PA,·pAo 


8255A 
C{ 


Pe7·PC. 
°7,°0 
°7-00 


Pe3-PeO 


8 
PS,·pllo 


231308-21 


A 
(8 


8255A 
C{ 


/' 


(4 


8 
,8 


inter 


CONTROL 
WORO 
#12 


07 
06 
05 
04 
03 
02 
0, 
DO 


~ 


8 
A 


8255A 
4 
. 
. 
C{ 
4, 


8 
B 
, 


CONTROL 
WORO 
#13 


07 
06 
05 
D4 
03 
02 
01 
00 


~ 


8 
A 


8255A 
,4 
c{ 
4 


8 
B 


Operating 
Modes 


MODE 1 (Strobed Input/Output). This 
functional 
configuration 
provides 
a means 
for transferring 
I/O 
data to or from a specified 
port in conjunction 
with 
strobes 
or "handshaking" 
signals. 
In mode 1, port A 
and port B use the lines on port C to generate 
or 
accept 
these 
"handshaking" 
signals. 


Mode 
1 Basic Functional 
Definitions: 


• 
Two Groups 
(Group A and Group 
B) 


• 
Each group contains 
one a-bit data port and one 
4-bit control Idata port. 


• 
The a-bit data port can be either input or output. 
Both inputs and outputs 
are latched. 


• 
The 4-bit port is used for control 
and status of the 
a-bit data port. 


CONTROL 
WORO 
#14 


07 
06 
05 
0. 
D3 
02 
0, 
Do 


~ 


8 
A 


8255A 
c{ . 


J 
{ 4 


{4 


B 
,8 


CONTROL 
WORO 
#15 


07 
06 
Os 
04 
03 
02 
01 
Do 


~ 


A 
8 


8255A 


4 
. 
. 
C{ 
4, 


B 
8, 


Input Control Signal Definition 


STB (Strobe Input). A "low" 
on this 'input 
loads 
data into the input latch. 


A "high" 
on this output 
indicates 
that the data has 


been loaded 
into the input latch; in essence, 
an ac- 


knowledgement. 
IBF is set by STB input being 
low 
and is reset by the rising edge of the RD input. 


A "high" 
on this output 
can be used to interrupt 
the 
CPU 
when 
an 
input 
device 
is requesting 
service. 


INTR is set by the STB is a "one", 
IBF is a "one" 


and INTE is a "one". 
It is reset by the falling edge of 


RD. This 
procedure 
allows 
an input 
device 
to re- 


quest 
service 
from 
the CPU by simply 
strobing 
its 
data into the port. 


• 


inter 


Output Control Signal Definition 


OBF (Output 
Buffer 
Full F/F). 
The OBF output will 
go "low" 
to indicate 
that the CPU has written 
data 
out to the specified 
port. The OBF F/F will be set by 
the rising edge of the WR input and reset 
by ACK 
input being low. 


ACK (Acknowledge 
Input). 
A "low" 
on this input 
informs 
the 8255A 
that the data from port A or port 
B has been accepted. 
In essence, 
a response 
from 
the peripheral 
device 
indicating 
that it has received 
the data output 
by the CPU. 


INTR (Interrupt 
Request). 
A "high" 
on this output 
can be used to interrupt 
the CPU when 
an output 


device 
has accepted 
data transmitted 
by the CPU. 


INTR is set when ACK is a "one", 
OBF is a "one", 
and INTE is a "one". 
It is reset by the falling edge of 
WR. 


CONTROL 
WORD 


07 
06 
Os 
04 
03 
02 
0, 
Do 


r--" 
I INTE 
I 
I 
B 
I 
__ 
J • 


inter 


Port A and Port B can be individually 
defined 
as in- 


put or output in MODE 1 to support 
a wide variety of 


strobed 
I/O applications. 


Operating 
Modes 


MODE 
2 (Strobed 
Bidirectional 
Bus 
1/0). 
This 


functional 
configuration 
provides 
a means 
for com- 
municating 
with a peripheral 
device or structure 
on a 


single 
a-bit bus for both transmitting 
and receiving 


data (bidirectional 
bus I/O). 
"Handshaking" 
signals 


are provided 
to maintain 
proper bus flow discipline 
in 


a similar 
manner 
to MODE 
1. Interrupt 
generation 


and enable/disable 
functions 
are also available. 


MODE 2 Basic Functional 
Definitions: 


• 
Used in Group A only. 


• 
One a-bit, bi-directional 
bus Port (Port A) and a 5- 
bit control 
Port (Port C). 


• 
Both inputs and outputs 
are latched. 


• 
The 5-bit control 
port (Port C) is used for control 
and 
status 
for the 
a-bit, 
bi-directional 
bus 
port 


(Port A). 


Bidirectional 
Bus 110 Control 
Signal 


Definition 


INTR (Interrupt 
Request). 
A high on this output can 


be used to interrupt 
the CPU for both input or output 


operations. 


Output Operations 


OBF (Output 
Buffer 
Full). 
The OBF output 
will go 
"low" 
to indicate 
that the CPU has written 
data out 


to port A. 


ACK (Acknowledge). 
A "low" 
on this input enables 


the tri-state 
output 
buffer 
of port A to send out the 


data. Otherwise, 
the output 
buffer will be in the high 


impedance 
state. 


INTE 
1 
(The 
INTE 
Flip-Flop 
Associated 
with 


OBF). Controlled 
by bit set/reset 
of PCs. 


Input Operations 


STB 
(Strobe 
Input). 
A "low" 
on this 
input 
loads 


data into the input latch. 


inter 


IBF (Input 
Buffer 
Full F/F). 
A "high" 
on this output 
indicates 
that 
data has been 
loaded 
into the input 
latch. 
' 


PC'4 
1 -INPUT 
o -OUTPUT 


PORT B 
1 -INPUT 
O-OUTPUT 


GROUPBMOOE 
0" 
MOOED 
l-MOOE 
1 


INTE 2 (The INTE Flip-Flop 
Associated 
with 
IBF). 


Controlled 
by bit set/reset 
of PC4. 


PC,; 
IBFA 
WA_ 


Rll_ 
pc,. 
I/O • 


231308-36 


Figure 
14. MODE 2 


NOTE: 
Any sequence 
where 
WR occurs 
before 
ACK and SfB occurs 
before 
RD is permissible. 
(INTR = ISF. 
MASK 
• SfB • RD + OSF • MASK. 
ACK • WR) 


Figure 
15. MODE 2 (Bidirectional) 
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DATA FROM 


// 
CPU TO 8255A 


/ 


/ 


DATA FIlOII 
PERIPHERAL 
TD 1255A 


intJ 


CONTROL 
WORD 


07 
0, 
05 
04 
03 
02 
01 
DO 
11 I, t><c><1X1 
0 I~ 


PC2-oJ 
l-INPUT 
O· OUTPUT 


07 
0, 
Os 04 
03 
02 
D1 00 
I ' I ' lXIXlxJt! 
0 [X] 


PC, 
ST", 


PC, 
IBFA 


pc,. 
110 


PB7·PBO 


PC, 
INTRA 


PA7,'", 


PC, 
OBF .•. 


PC, 
ACKA 


PC, 
STS .•. 


PC, 
IBFA 


P87·PBO 


PC, 
OBFe 


PC, 
ACKB 


PCo 
INTRe 


231308-40 


CONTROL 
WORD 


07 
0, 
05 
04 
03 
02 
D, 
DO 


11 I ' k<IXM 0I013 


PC2",J 
l-INPUT 
O-OUTPUT 


PC, 


A.. 
-" 
p",.pAc. 
• 
..- 
-y 


PC, 


Pee- 


PC, - 


P<:,; 


3 


pc,. --f--- 


Pe 
" 
PSO 
• 
} 


PC, 


A. 


PA7·'Ao 
• 
" 


PC, 


RD 
PC, - 
, 
0, 
Do 
, I ' c><J 
PC, 


P<:,; 


A. 


P87,PDo 
• 
I 
" 


PC, 


PC, 


_c 
PCo 


II - 
MODE 
0 


IN 
OUT 


PAo 
IN 
OUT 
PA1 
IN 
OUT 
PA2 
IN 
OUT 
PA3 
IN 
OUT 
PA4 
IN 
OUT 
PA5 
IN 
OUT 
PA6 
IN 
OUT 
PA7 
IN 
OUT 


PBo 
IN 
OUT 
PB1 
IN 
OUT 
PB2 
IN 
OUT 
PB3 
IN 
OUT 
PB4 
IN 
OUT 
PB5 
IN 
OUT 
PB6 
IN 
OUT 
PB7 
IN 
OUT 


PCo 
IN 
OUT 
PC1 
IN - 
OUT 
PC2 
IN 
OUT 
PC3 
IN 
OUT 
PC4 
IN 
OUT 
PC5 
IN 
OUT 
PC6 
IN 
OUT 
PC7 
IN 
OUT 


Special Mode Combination 
Considerations 


MU\1€'1" ,••••." 


IN 
OUT 


IN 
OUT 
IN 
OUT 
IN 
OUT 
IN 
OUT 
IN 
OUT 
IN 
OUT 
IN 
OUT 
IN 
OUT 


IN 
OUT 
IN 
OUT 
IN 
OUT 
IN 
OUT 
IN 
OUT 
IN 
OUT 
IN 
OUT 
IN 
OUT 


INTRs 
1NTRS 
1BFs 
OBFs 
STBS 
ACKs 
INTRA 
INTRA 
STBA 
I/O 
IBFA 
I/O 
I/O 
ACKA 
I/O 
OBFA 


MUU~:l 


GROUP A ONLY 
+-+ 
+-+ 
+-+ 


; 


+-+ 
+-+ 
+-+ 
+-+ 
+-+ 
-- 
-- 
-- 
-- 
-- 
--, 
-- 


.. 
-- 


I/O 
I/O 
I/O 
INTRA 
STBA 
. 


IBFA 
ACKA 
OBFA 


MODE ° 
OR MODE 1 
ONLY 


This feature allows the 8255 to directly 
drive Darling- 
ton type 
drivers 
and 
high-voltage 
displays 
that 
re- 


quire such source 
current. 


There are several 
combinations 
of modes when not 
all of the bits in Port C are used for control 
or status. 
The remaining 
bits can be used as follows: 


If Programmed 
as Inputs- 


All input lines can be accessed 
during a normal 
Port 
C read. 


Reading Port C Status 


In Mode 0, Port C transfers 
data to or from the pe- 
ripheral 
device. 
When 
the 8255 is programmed 
to 
function 
in Modes 
1 or 2, Port C generates 
or ac- 


cepts "hand-shaking" 
signals with the peripheral 
de- 


vice. Reading 
the contents 
of Port C allows the pro- 


grammer 
to test or verify the "status" 
of each 
pe- 


ripheral 
device 
and 
change 
the 
program 
flow 
ac- 
cordingly. 


If Programmed 
as Outputs- 


Bits in C upper 
(PCrPC4) 
must be individually 
ac- 
cessed 
using the bit set/reset 
function. 


Bits in Clower 
(PC3-PCO) 
can be accessed 
using 
the 
bit set/reset 
function 
or accessed 
as a three- 
some by writing 
into Port C. 


There 
is no special 
instruction 
to read the status 
in- 
formation 
from 
Port C. A normal 
read operation 
of 
Port C is executed 
to perform 
this function. 


Source Current Capability on Port B 
and Port C 


Any set of eight 
output 
buffers, 
selected 
randomly 
from 
Ports 
Band 
C can source 
1 mA at 1.5 volts. 
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~-----, 
------'L---.r---' 
GROUP 
A 
GROUP 
B 


IDEFINED 
BY MODE 0 OR MODE 
1 SELECTION) 


The 8255A 
is a very powerful 
tool for interfacing 
pe- 
ripheral 
equipment 
to the microcomputer 
system. 
It 
represents 
the optimum 
use of available 
pins and is 
flexible 
enough 
to interface 
almost 
any I/O 
device 
without 
the need for additional 
external 
logic. 


Each peripheral 
device 
in a microcomputer 
system 
usually 
has a "service 
routine" 
associated 
with 
it. 


The 
routine 
manages 
the 
software 
interface 
be- 
tween the device and the CPU. The functional 
defini- 
tion of the 8255A 
is programmed 
by the I/O service 
routine 
and 
becomes 
an extension 
of the 
system 
software. 
By examining 
the 
I/O 
devices 
interface 
characteristics 
for both data transfer 
and timing, and 
matching 
this 
information 
to the 
examples 
and ta- 
bles in the detailed 
operational 
description, 
a control 
word can easily be developed 
to initialize the 8255A 
to exactly 
"fit" 
the application. 
Figures 
19 through 
25 represent 
a few examples 
of typical 
applications 
of the 8255A. 
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Figure 21. Keyboard 
and 


Terminal 
Address 
Interface 
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Figure 22. Digital to Analog, Analog to Digital 
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Figure 23. Basic Floppy Disk Interface 
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NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 


'WARNING: Stressing the device beyond the "Absolute 
Maximum Ratings" 
may cause permanent 
damage. 


These are stress ratings only. Operation beyond the 
"Operating Conditions" is not recommended and ex- 
tended exposure beyond the "Operating Conditions" 
may affect device reliability. 


Ambient 
Temperature 
Under Bias 
O'C to 70'C 


Storage Temperature 
- 6S'C to + 1S0'C 


Voltage 
on Any Pin 
with Respect 
to Ground 
- O.SV to + 7V 


Power Dissipation 
1 Watt 


Symbol 
Parameter 
Min 
Max 
Unit 
Test Conditions 


VIL 
Input Low Voltage 
-O.S 
0.8 
V 


VIH 
Input High Voltage 
2.0 
Vcc 
V 


VOL (DB) 
Output 
Low Voltage 
(Data Bus) 
O.4S' 
V 
IOL = 2.S mA 


VOL (PER) 
Output Low Voltage 
(Peripheral 
Port) 
O.4S" 
V 
IOL = 1.7 mA 


VOH (DB) 
Output High Voltage 
(Data Bus) 
2.4 
V 
IOH = -400 
p..A 


VOH (PER) 
Output High Voltage 
(Peripheral 
Port) 
2.4 
V 
IOH = -200 
p..A 


IOAR(1) 
,Darlington 
Drive Current 
-1.0 
-4.0 
mA 
REXT = 7S00; VEXT = 1.SV 


Icc 
Power Supply Current 
120 
mA 


IlL 
Input Load Current 
±10 
p..A 
VIN = VCC to OV 


IOFL 
Output 
Float Leakage 
±10 
p..A 
VOUT = Vcc to O.4SV 


NOTE: 
1. Available on any 8 pins from Port Band C. 
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Symbol 
Parameter 
Min 
Typ 
Max 
Unit 
Test Conditions 


CIN 
Input Capacitance 
10 
pF 
fc = 1 MHz(4) 


ClIO 
I/O Capacitance 
20 
pF 
Unmeasured 
pins returned 
to GND(4) 


Symbol 
Parameter 
8255A 
8255A-5 
Unit 
Min 
Max 
Min 
Max 


tAR 
Address 
Stable before READ 
0 
0 
ns 


tRA 
Address 
Stable after READ 
0 
0 
ns 


tRR 
READ Pulse Width 
300 
300 
ns 


tRO 
Data Valid from READ(1) 
250 
200 
ns 


tOF 
Data Float after READ 
10 
150 
10 
100 
ns 


tRY 
Time between 
READs and/or 
WRITEs 
850 
850 
ns 


Symbol 
Parameter 
8255A 
8255A-5 
Unit 
Min 
Max 
Min 
Max 


tAW 
Address 
Stable before WRITE 
0 
0 
ns 


tWA 
Address 
Stable after WRITE 
20 
20 
ns 


tww 
WRITE Pulse Width 
400 
300 
ns 


tow 
Data Valid to WRITE (T.E.) 
100 
100 
ns 


two 
Data Valid after WRITE 
30 
30 
ns 


Symbol 
Parameter 
8255A 
8255A-5 
Unit 
Min 
Max 
Min 
Max 


tWB 
WR = 1 to Output(1) 
350 
350 
ns 


tlR 
Peripheral 
Data before RD 
0 
0 
ns 


tHR 
Peripheral 
Data after RD 
0 
0 
ns 


tAK 
ACK Pulse Width 
300 
300 
ns 


tST 
STS Pulse Width 
500 
500 
ns 


tps 
Per. Data before T.E. of STS 
0 
0 
ns 


tpH 
Per. Data after T.E. of STS 
180 
180 
ns 


tAD 
ACK = 0 to Output(1) 
300 
300 
ns 


tKO 
ACK = 1 to Output Float 
20 
250 
20 
250 
ns 
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Symbol 
Parameter 
8255A 
8255A·5 
Unit 
Min 
Max 
Min 
Max 


tWOB 
WR = 1 toOBF 
= 0(1) 
650 
650 
ns 


tAOB 
ACK = OtoOBF 
= 1(1) 
350 
350 
ns 


tSIB 
STB = OtolBF 
= W) 
300 
300 
ns 


tRIB 
RD = 1 to IBF = 0(1) 
300 
300 
ns 


tRIT 
RD = 0 to INTR = 0(1) 
400 
400 
ns 


tSIT 
STB = 1 to INTR = W) 
300 
300 
ns 


tAIT 
ACK = 1 tolNTR 
= W) 
350 
350 
ns 


tWIT 
WR = 0 to INTR = 0(1,3) 
850 
850 
ns 


NOTES: 
1. Test Conditions: CL = 150 pF. 
2. Period of Reset pulse must be at least 50 /Ls during or after power on. Subsequent Reset pulse can be 500 ns min. 
3. INTRi may occur as early as WR .j.. 
4. Sampled, not 100% tested. 
<For Extended Temperature EXPRESS,use M8255A electrical parameters. 


Input/Output 


2.' 
2.0 
2.0 
.> TEST 
POINTS < 


0.8 
0.' 


DEVICE 
UNDER 
TEST 
I Ct.:l50pF 


231308-50 
A.C. Testing: 
Inputs 
are driven 
at 2.4V for a Logic 
"I" 
and 0.45V 
for 
a Logic 
"0". 
Timing 
measurements 
are 
made 
at 2.0V 
for 
a 
Logic 
"1" 
and 0.8V for a Logic 
"0". 


231308-51 


<VEXT is set 
at various 
voltages 
during 
testing 
to guarantee 
the 


specification. 
CL includes 
jig capacitance. 
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NOTE: 
Any sequence 
where 
WA occurs 
before ACK and STB occurs 
before 
AD is permissible. 


(INTA 
= ISF. MASK. STB • AD + OBF • MASK. ACK • WA) 
• 
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82C55A 
CHMOS PROGRAMMABLE 
PERIPHERAL INTERFACE 


• 
Control Word Read-Back Capability 


• 
Direct Bit Set/Reset Capability 


• 
2.5 mA DC Drive Capability on all I/O 
Port Outputs 


• 
Available in 40-Pin DIP and 44-Pin PLCC 


• 
Available in EXPRESS 
- 
Standard Temperature Range 
• 
Completely TTL Compatible 
- 
Extended Temperature Range 


The Intel 82C55A 
is a high-performance, 
CHMOS 
version 
of the industry 
standard 
8255A 
general 
purpose 


programmable 
I/O device which is designed 
for use with all Intel and most other microprocessors. 
It provides 


24 I/O pins which may be individually 
programmed 
in 2 groups of 12 and used in 3 major modes of operation. 


The 82C55A 
is pin compatible 
with the NMOS 8255A and 8255A-5. 


In MODE 
0, each group 
of 12 I/O 
pins may be programmed 
in sets of 4 and 8 to be inputs 
or outputs. 
In 


MODE 1, each group may be programmed 
to have 8 lines of input or output. 3 of the remaining 
4 pins are used 
for handshaking 
and interrupt 
control 
signals. 
MODE 2 is a strobed 
bi-directional 
bus configuration. 


The 82C55A 
is fabricated 
on Intel's advanced 
CHMOS 
III technology 
which provides 
low power consumption 


with performance 
equal to or greater 
than the equivalent 
NMOS 
product. 
The 82C55A 
is available 
in 40-pin 


DIP and 44-pin plastic 
leaded 
chip carrier 
(PLCC) packages. 


• 
Compatible with all Intel and Most 
Other Microprocessors 


• 
High Speed, "Zero Wait State" 
Operation with 8 MHz 8086/88 and 
80186/188 


• 
24 Programmable 1/0 Pins 


• 
Low Power CHMOS 


02 


OJ 


He 


D4 
os 


D6 


30 
D7 
'« 


231256-2 


Figure 
2. 82C55A 
Pinout 
Diagrams 
are for pin reference 
only. Package 


sizes 
are not to scale. 
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Symbol 
Pin Number 
Type 
Name and Function 
Dip 
PLCC 


PA3-0 
1-4 
2-5 
I/O 
PORT A, PINS 0-3: 
Lower nibble of an 8-bit data output latch/ 


buffer and an 8-bit data input latch. 


RD 
5 
6 
I 
READ CONTROL: 
This input is low during CPU read operations. 


CS 
6 
} 
I 
CHIP SELECT: 
A low on this input enables the 82C55A to 


respond 
to RD and WR signals. RD and WR are ignored 


otherwise. 


GND 
7 
8 
System 
Ground 


A1-0 
8-9 
9-10 
I 
ADDRESS: 
These input signals, in conjunction 
RD and WR, 


control the selection 
of one of the three ports or the control 


word registers. 


A1 
Ao 
RD 
WR 
CS 
Input 
Operation 
(Read) 


0 
0 
0 
1 
0 
Port A - Data Bus 


0 
1 
0 
1 
0 
Port B - Data Bus 


1 
0 
0 
1 
0 
Port C - Data Bus 


1 
1 
0 
1 
0 
Control Word - Data Bus 


Output 
Operation 
(Write) 


0 
0 
1 
0 
0 
Data Bus - Port A 


0 
1 
1 
0 
0 
Data Bus - Port B 


1 
0 
1 
0 
0 
Data Bus - Port C 


1 
1 
1 
0 
0 
Data Bus - Control 


Disable 
Function 


X 
X 
X 
X 
1 
Data Bus - 3 - State 


X 
X 
1 
1 
0 
Data Bus- 
3 - State 


PC7-4 
10-13 
11,13-15 
I/O 
PORT C, PINS 4-7: 
Upper nibble of an 8-bit data output latch/ 


buffer and an 8-bit data input buffer (no latch for input). This port 
can be divided into two 4-bit ports under the mode control. 
Each 


4-bit port contains 
a 4-bit latch and it can be used for the control 


signal outputs and status signal inputs in conjunction 
with ports 


A and B. 


PCO-3 
14-17 
16-19 
I/O 
PORT C, PINS 0-3: 
Lower nibble of Port C. 


PBO.7 
18-25 
20-22, 
I/O 
PORT B, PINS 0- 7: An 8-bit data output latch/buffer 
and an 8- 


24-28 
bit data input buffer. 


Vcc 
26 
29 
SYSTEM 
POWER: + 5V Power Supply. 


D7-0 
27-34 
30-33, 
I/O 
DATA BUS: Bi-directional, 
tri-state 
data bus lines, connected 
to 


35-38 
system data bus. 


RESET 
35 
39 
I 
RESET: A high on this input clears the control 
register and all 


ports are set to t!le input mode. 


WR 
36 
40 
I 
WRITE CONTROL: 
This input is low during CPU write 


operations. 


PA7-4 
37-40 
41-44 
I/O 
PORT A, PINS 4-7: 
Upper nibble of an 8-bit data output latch/ 


buffer and an 8-bit data input latch. 


NC 
1,12, 
No Connect 
23,34 
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General 


The 82C55A 
is a programmable 
peripheral 
interface 
device 
designed 
for use in Intel microcomputer 
sys- 
tems. 
Its function 
is that of a general 
purpose 
I/O 


component 
to interface 
peripheral 
equipment 
to the 


microcomputer 
system 
bus. The functional 
configu- 
ration of the 82C55A 
is programmed 
by the system 


software 
so that normally 
no external 
logic is neces- 
sary to interface 
peripheral 
devices 
or structures. 


Data Bus Buffer 


This 3-state 
bidirectional 
8-bit buffer is used to inter- 
face 
the 82C55A 
to the 
system 
data 
bus. Data 
is 
transmitted 
or received 
by the buffer upon execution 


of input or output 
instructions 
by the CPU. Control 


words 
and 
status 
information 
are also 
transferred 


through 
the data bus buffer. 


Read/Write 
and Control 
Logic 


The function 
of this 
block 
is to manage 
all of the 
internal 
and 
external 
transfers 
of 
both 
Data 
and 


Control 
or Status 
words. 
It accepts 
inputs from the 
CPU Address 
and Control 
busses and in turn, issues 


commands 
to both of the Control 
Groups. 


Group 
A and Group 
B Controls 


The 
functional 
configuration 
of 
each 
port 
is pro- 
grammed 
by the systems 
software. 
In essence, 
the 


CPU "outputs" 
a control 
word to the 82C55A. 
The 


control 
word contains 
information 
such as "mode", 
"bit 
set", 
"bit 
reset", 
etc., that 
initializes 
the func- 
tional configuration 
of the 82C55A. 


_ 
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Logic, 
receives 
"control 
words" 
from 
the 
in.ternal 


data bus and issues the proper commands 
to Its as- 


sociated 
ports. 


Control Group A - Port A and Port C upper (C7 -C4) 
Control 
Group B - Port B and Port Clower 
(C3-CO) 


The control 
word 
register 
can be both written 
and 


read as shown 
in the address 
decode 
table 
in the 


pin descriptions. 
Figure 
6 shows 
the 
control 
word 


format 
for both 
Read and Write 
operations. 
When 


the control 
word is read, bit D7 will always be a logic 
"1", 
as this implies control 
word mode information. 


Ports A, B, and C 


The 82C55A contains 
three 8-bit ports (A, B, and C). 


All can be configured 
in a wide variety 
of functional 


characteristics 
by the system 
software 
but each has 
its own special 
features 
or "personality" 
to further 


enhance 
the power and flexibility 
of the 82C55A. 


Port A. One 8-bit data output 
latch/buffer 
and one 


8-bit 
input 
latch 
buffer. 
Both 
"pull-up" 
and 
"pull- 


down" 
bus hold devices 
are present 
on Port A. 


Port 
B. One 
8-bit 
data 
input/output 
latch/buffer. 


Only "pull-up" 
bus hold devices 
are present 
on Port 


B. 


Port C. One 8-bit data output 
latch/buffer 
and one 


8-bit data input buffer 
(no latch for input). This port 


can be divided 
into two 4-bit ports under the mode 


control. 
Each 4-bit port contains 
a 4-bit latch and it 


can be used for the control 
signal outputs 
and status 


signal inputs in conjunction 
with ports A and B. Only 
"pull-up" 
bus hold devices 
are present 
on Port C. 


See Figure 4 for the bus-hold 
circuit configuration 
for 


Port A, B, and C. 


\_." 


---eND 


READI 
WRITE 


CONTROL 
lOGIC. 


EXTERNAL 
PORTA 
PIN 


EXTERNAL 
PORT B,C 
PIN 


INTERNAL 


DATA 


"NOTE: 
ViR 
231256-4 
Port pins loaded 
with more than 20 pF capacitance 
may not have their logic level guaranteed 
following 
a hardware 
reset. 
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There 
are three 
basic modes 
of operation 
that can 


be selected 
by the system 
software: 


Mode 0 - 
Basic input/ output 


Mode 1 - 
Strobed 
Input/output 
Mode 2 - 
Bi-directional 
Bus 


When the reset input goes "high" 
all ports will be set 


to the input mode with all 24 port lines held at a logic 
"one" 
level 
by the 
internal 
bus hold 
devices 
(see 


Figure 
4 
Note). 
After 
the 
reset 
is 
removed 
the 


82C55A 
can remain in the input mode with no addi- 


tional initialization 
required. 
This eliminates 
the need 


for pullup 
or pulldown 
devices 
in "all 
CMOS" 
de- 


signs. During the execution 
of the system 
program, 
any of the other modes 
may be selected 
by using a 


single 
output 
instruction. 
This 
allows 
a 
single 
82C55A 
to service 
a variety 
of peripheral 
devices 


with a simple 
software 
maintenance 
routine. 


The modes for Port A and Port B can be separately 
defined, 
while Port C is divided 
into two portions 
as 


required 
by the Port A and Port B definitions. 
All of 


the output 
registers, 
including 
the status 
flip-flops, 
will be reset whenever 
the mode is changed. 
Modes 


may be combined 
so that their functional 
definition 


can be "tailored" 
to almost 
any I/O 
structure. 
For 


instance; 
Group B can be programmed 
in Mode 0 to 


monitor 
simple 
switch 
closings 
or display 
computa- 
tional 
results, 
Group 
A could 
be 
programmed 
in 


Mode 1 to monitor 
a keyboard 
or tape reader on an 


interrupt-driven 
basis. 


MODE 
1 


~~ !!!! !!!! 
~o 


~-P80 
CONTROL 
CONTROL 
1tA7-'Ao 
OR 110 
OR 110 


C 
MOOE2 


~o 
1111 
11 11 
~1.DIAECTIONAL 


PB,.PSo 
110 ~,-","-h-,o,~' 
PAl-PAc. 


Figure 5. Basic Mode Definitions 
and Bus 
Interface 


MODE SELECTION 
00- 
MODE 0 
01- 
MODE 1 
lX- 
MODE 2 


The mode 
definitions 
and possible 
mode 
combina- 


tions may seem confusing 
at first but after a cursory 


review 
of the complete 
device 
operation 
a simple, 


logical 
I/O approach 
will surface. 
The design of the 


82C55A 
has taken 
into account 
things 
such as effi- 


cient PC board layout, control 
signal definition 
vs PC 


layout and complete 
functional 
flexibility 
to support 


almost 
any peripheral 
device 
with no external 
logic. 


Such 
design 
represents 
the 
maximum 
use 
of the 


available 
pins. 


Single Bit Set/Reset 
Feature 


Any of the eight bits of Port C can be Set or Reset 
using a single 
OUTput 
instruction. 
This feature 
re- 


duces software 
requirements 
in Control-based 
appli- 


cations. 


When Port C is being used as status/ control 
for Port 


A or B, these bits can be set or reset by using the Bit 
Set/Reset 
operation 
just as if they were data output 


ports. 


Interrupt 
Control 
Functions 


When the 82C55A is programmed to operate in 
mode 1 or mode 2, control signals are provided that 
can be used as interrupt request inputs to the CPU. 
The interrupt request signals, generated from port C, 
can be inhibited or enabled by setting or resetting 
the associated INTE flip-flop, using the bit set/reset 
function of port C. 


This function allows the Programmer to disallow or 
allow a specific I/O device to interrupt the CPU with- 
out affecting any other device in the interrupt struc- 
ture. 


(BIT-SET)-INTE 
is SET-Interrupt 
enable 
(BIT-RESET)-INTE 
is RESET-Interrupt 
disable 


Note: 
All Mask flip-flops are automatically 
mode selection and device Reset. 


reset during • 


Mode 0 (Basic Input/Output). This functional con- 
figuration provides simple input and output opera- 
tions for each of the three ports. No "handshaking" 
is required, data is simply written to or read from a 
specified port. 


• Two a-bit ports and two 4-bit ports. 
• Any port can be input or output. 


• Outputs are latched. 
• Inputs are not latched. 
• 16 different Input/Output configurations are pos- 
sible in this Mode. 


inter 


A 
B 
GROUP A 
GROUPB 


04 
03 
01 
Do 
PORTA 
PORTC 
II 
PORTB 
PORTC 


(UPPER) 
(LOWER) 
0 
0 
0 
0 
OUTPUT 
OUTPUT 
0 
OUTPUT 
OUTPUT 
0 
0 
0 
1 
OUTPUT 
OUTPUT 
1 
OUTPUT 
INPUT 
0 
0 
1 
0 
OUTPUT 
OUTPUT 
2 
INPUT 
OUTPUT 
0 
0 
1 
1 
OUTPUT 
OUTPUT 
3 
INPUT 
INPUT 
0 
1 
0 
0 
OUTPUT 
INPUT 
4 
OUTPUT 
OUTPUT 
0 
1 
0 
1 
OUTPUT 
INPUT 
5 
OUTPUT 
INPUT 
0 
1 
1 
0 
OUTPUT 
INPUT 
6 
INPUT 
OUTPUT 
0 
1 
1 
1 
OUTPUT 
INPUT 
7 
INPUT 
INPUT 
1 
0 
0 
0 
INPUT 
OUTPUT 
8 
OUTPUT 
OUTPUT 
1 
0 
0 
1 
INPUT 
OUTPUT 
9 
OUTPUT 
INPUT 
1 
0 
1 
0 
INPUT 
OUTPUT 
10 
INPUT 
OUTPUT 
1 
0 
1 
1 
INPUT 
OUTPUT 
11 
INPUT 
INPUT 
1 
1 
0 
0 
INPUT 
INPUT 
12 
OUTPUT 
OUTPUT 
1 
1 
0 
1 
INPUT 
INPUT 
13 
OUTPUT 
INPUT 
1 
1 
1 
0 
INPUT 
INPUT 
14 
INPUT 
OUTPUT 
1 
1 
1 
1 
INPUT 
INPUT 
15 
INPUT 
INPUT 


CONTROL WORD #0 


0, 
0, 
Os 
o. 
OJ 
02 
0, 
DO 


CONTROL 
WORD 
#2 


D7 
0, 
05 
04 
OJ 
02 
0, 
00 


A 
•, 


UCMA 
• 
c{ 
• 


• 
• 
, 


A 
,. 


UC•••• 
,. 
c{ 
,. 


• 
I,. 


CONTROL WORD.1 


07 
De 
1\ 
D. 
OJ 
D2 
D, 
Do 


CONTROL WORD ••3 


0] 
0, 
05 
0.. 
OJ 
02 
01 
Do 


A 
• 


I2C85A 
• 
c{ 


"I 


• 
8, 


A 
8 


I2C85A 


• 
c{ 


I" 


• 
I" 


• 


inter 


CONTROL 
WORD ~ 
CONTROL 
WORD 
ft 


0, 
0, 
0, 
D. 
OJ 
OJ 
0, 
DO 
0, 
0, 
0, 
D. 
OJ 
OJ 
0, 
0, 


A 
,8 
PA,..fI'''o 
I 
A 
,8 
PAt·~Ao 
, 


82C55A 
UC55A 
,, 
PC,-l'C. 
, 
PC,..f'C .• 


D,-Dp' 
c{ 
\. 
0,..00 
c{ 
, 
pc)-KO 
, 
PC,-l'C, 


• 
8 
P81"P80 
• 


8 
P8,4'80 


- 


CONTROL 
WORD 
~ 
CONTROL WORD ft 


0, 
0, 
0, 
D. 
OJ 
OJ 
0, 
DO 
0, 
0, 
0, 
D. 
OJ 
0, 
0, 
Do 


A 
8 
PA7~Ao 
A 
,8 
PArPAg 
, 


~ 
UC •••• 
8OC55A 
, 
PC,~" 
, 
PC,""PC.• 


0,-00 
c{ 
0,-00 
c{ 
, 


PCJ-PCO 
" 


PeJ.PeO 
, 


8 
• 
P8,.f'Bo 
• 


8 
"',..••.. 


CONTROL 
WORD 
H 
CONTROL 
WORD 
#10 


0, 
0, 
0, 
D. 
OJ 
0, 
0, 
DO 
0, 
0, 
0, 
D. 
OJ 
0, 
0, 
Do 


A 
8 
PA,..fI'''o 
A 
8 
PA,-PAg 


I2C55A 
UC •••• 
," 
PC,-l'C. 
, 
PC,-K. 


0,-00 
c{ 
Or"o 
c{ 
, 


PeJ-Pea 
, 


PeJ.Pea 


• 
8 
P8,-P80 
• 


,8 
i 
"',..••.. 


CONTROL WOAD.7 
CONTROL 
WORD 
#11 
0, 
0, 
0, 
D. 
OJ 
0, 
0, 
DO 
0, 
0, 
0, 
D. 
OJ 
0, 
0, 
DO 


A 
• 
PA,-$>Ao 
,8 
A 
i 
PA,.pAo 


UC •••• 
I2C05A 
, 
PC,-fl'C .• 
, 
c{ 
c{ 


PC,-l'C. 


0,-00 
0,.°0 
I 


i" 
pc)-K:O 
, 
PCJ-PCO 


• 
i 
,8 
"''''''0 
• 
8 
PB.,-pBo 


231256-11 


inter 


CONTROL WORD #12 


0, 
06 
O~ 
0. 
03 
02 
0t 
00 


;,8 
PA,.PA.O 
~ 
I2CNA 


" 
PCrPC. 
c{ 


; 


°7-00 
,. 


PCJ-PCO 


,8 
P8,..fJBO 
, 


CONTROL WORD #'4 


01 
De 
Os 
O. 
OJ 
02 
0, 
00 


;,8 
PA,.p~ 


ne_ 


" 
PC,-"C, 
c{ 


; 


0,..0. 


Pe)·PeO 


;,8 
P8,.PSO 


CONTROL WORD "3 


D, 
06 
DS 
O. 
D3 
02 
01 
00 


CONTROL 
WORD "5 


0, 
0, 
Os 
D. 
03 
02 
01 
Do 


;,8 
PA,-PA.o 
A 
PA,-#"" 


I2CNA 
I2CHA 


c{ 


;" 
PCrPC. 
c{ 


PC,-"C, 


D)~O 
D7~O 
,. 
pc1..pcO 
PC,-pc. 
; 


PB,-PSO 
P8,•pso 
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Operating Modes 


MODE 1 (Strobed Input/Output). This 
functional 


configuration 
provides 
a means 
for transferring 
liD 


data to or from a specified 
port in conjunction 
with 


strobes 
or "handshaking" 
signals. In mode 1, Port A 


and Port B use the lines on Port C to generate 
or 


accept 
these 
"handshaking" 
signals. 


Mode 1 Basic functional 
Definitions: 


• 
Two Groups 
(Group A and Group 
B). 


• 
Each group contains 
one 8-bit data port and one 


4-bit control Idata port. 


• 
The 8-bit data port can be either 
input or output 


Both inputs and outputs 
are latched. 


• 
The 4-bit port is used for control 
and status of the 


8-bit data port. 


STB 
(Strobe 
Input). 
A "low" 
on this input loads 
data into the input latch. 


A "high" 
on this output indicates that the data has 
been loaded into the input latch; in essence, an ac- 
knowledgement. 
ISF is set by STS input being low 
and is reset by the rising edge of the RD input. 


INTR (Interrupt 
Request) 


A "high" 
on this output can be used to interrupt the 
CPU when 
an input device 
is requesting 
service. 


INTR is set by the STS is a "one", 
ISF is a "one" 


and INTE is a "one". 
It is reset by the falling edge of 
RD. This procedure 
allows 
an input device 
to re- 
quest service 
from the CPU by simply strobing 
its 
data into the port. 


INTE A 


Controlled 
by bit set/reset 
of PC4. 


INTE B 


Controlled 
by bit set/reset 
of PC2. 


11Iol'I'lt~ 


pc•. 1 


'-INPUT 
o· OUTPUT 


inter 


Output 
Control 
Signal Definition 


OBF (Output 
Buffer 
Full F/F). 
The OBF output will 
go "low" 
to indicate 
that the CPU has written 
data 
out to the specified 
port. The OBF F/F will be set by 


the rising edge of the WR input and reset by ACK 
Input being low. 


ACK (Acknowledge 
Input). 
A "low" 
on this input 
informs the 82C55A that the data from Port A or Port 
B has been accepted. 
In essence, 
a response 
from 
the peripheral 
device 
indicating 
that it has received 
the data output by the CPU. 


INTR (Interrupt 
Request). 
A "high" 
on this output 
can be used to interrupt 
the CPU when 
an output 
device 
has accepted 
data transmitted 
by the CPU. 


INTR is set when ACK is a "one", 
OBF is a "one" 
and INTE is a "one". 
It is reset by the falling edge of 
WR. 


INTEA 


Controlled 
by bit set/reset 
of PC6. 


INTE B 


Controlled 
by bit set/reset 
of PC2. 


CONTROL 
WORD 


0, 
06 05 D. 0) 
02 0, 
Do 
1110111o11~ 


PC".5 


1-INPUT 
o· OUTPUT 


inter 


Combinations of MODE 1 


Port A and Port B can be individually 
defined 
as input or output in Mode 1 to support 
a wide variety of strobed 
I/O applications. 


PA7·'Ao 


PC, 
ill.•. 


Pes 
IBF .•. 


PC, 
INTRA 
pc) 
INTRA 


2 


Pet,5 --+-- 
I/O 


Operating Modes 


MODE 2 (Strobed Bidirectional Bus I/O).This 
functional 
configuration 
provides 
a means 
for com- 
municating 
with a peripheral 
device or structure 
on a 
single 
8-bit bus for both transmitting 
and receiving 
data (bidirectional 
bus I/O). 
"Handshaking" 
signals 
are provided 
to maintain proper bus flow discipline 
in 
a similar 
manner 
to MODE 
1. Interrupt 
generation 
and enable/disable 
functions 
are also available. 


MODE 2 Basic Functional 
Definitions: 


• 
Used in Group A only. 


• 
One 8-bit, bi-directional 
bus port (Port A) and a 5- 
bit control 
port (Port C). 


• 
Both inputs and outputs 
are latched. 


• 
The 5-bit control 
port (Port C) is used for control 
and 
status 
for 
the 
8-bit, 
bi-directional 
bus 
port 
(Port A). 


Bidirectional Bus I/O Control Signal Definition 


INTR (Interrupt Request). A high on this output can 
be used to interrupt the CPU for input or output oper- 
ations. 


Output Operations 


OBF (Output Buffer Full). The OBF output 
will go 
"low" 
to indicate 
that the CPU has written 
data out 


to port A. 


ACK (Acknowledge). A "low" 
on this input enables 
the tri-state 
output 
buffer 
of Port A to send out the 
data. Otherwise, 
the output 
buffer will be in the high 
impedance 
state. 


INTE 
1 (The INTE Flip-Flop Associated with 
OBF). Controlled 
by bit set/reset 
of PC6. 


Input Operations 


STB (Strobe Input). A "low" 
on this 
input 
loads 
data into the input latch. 


IBF (Input Buffer Full F/F). 
A "high" 
on this output 


indicates 
that 
data 
has been 
loaded 
into the input 


latch. 


INTE 2 (The INTE Flip-Flop Associated with IBF). 
Controlled 
by bit set/reset 
of PC4. 


inter 


C 


~2~~~P~T 


PORT 8 
, -INPUT 
o -OUTPUT 


GROUPB MODE 
a-MODEO 
l-MOOE 
1 
231256-18 


NOTE: 
Any sequence 
where 
WR occurs 
before 
ACK, and STS occurs 
before 
RD is permissible. 
(INTR 
= ISF. 
MASK. 
STB • RD + OSF • MASK. 
ACK • WR) 


CONTROL WORD 


D, 
0, 
Da o. 
OJ O2 0, 
DO 
l'I'R@]oI'J 


pc,. 


'-INPUT 
O· OUTPUT 


CONTROL WORD 


0, 
0, 
Os 0. 
OJ 02 0, 
DO 
I, [, 0XM 01013 


PC2.aJ 
, -INPUT 
O-OUTPUT 


MODE 2 AND MODE 
1 (OUTPUT) 
MODE 2 AND MODE 
1 (INPUT) 


PC, 
INTRA 
PC, 
INTRA 


08'. 
pc, 
oa,. 


CONTROL WORD 
CONTROL WORD 
pc, 
AtK. 
ACKA 
0, 
De 05 O. OJ 02 0, 
00 
0, 
D. 
05 
0. 
OJ O2 0, 
0, 
j, I,r><1XIXJ "" N 
STBA 
I, I, [><I><I><H ' c><1 
pc, 
STB. 


!'Co 
IBF••. 
!'Co 
IBF•• 


PB,-P80 
PB,·PSo 


PC, 
08F, 
pc, 
m- 


ilD 
PC, 
ACi, 
RO_ 
pc, 
18F, 


WR 
PC, 
INTR, 
WR_ 
pc, 
INTR, 


MODED 


IN 
OUT 


PAo 
IN 
OUT 
PA1 
IN 
OUT 


PA2 
IN 
OUT 


PA3 
IN 
OUT 
PA4 
IN 
OUT 


PAs 
IN 
OUT 
PA6 
IN 
OUT 
PA7 
IN 
OUT 


PBo 
IN 
OUT 
PB1 
IN 
OUT 
PB2 
IN 
OUT 
PB3 
IN 
OUT 
PB4 
IN 
OUT 


PBs 
IN 
OUT 
PB6 
IN 
OUT 
PB7 
IN 
OUT 


PCo 
IN 
OUT 
PC1 
IN 
OUT 
PC2 
IN 
OUT 
PC3 
IN 
OUT 
PC4 
IN 
OUT 
PCs 
IN 
OUT 
PC6 
IN 
OUT 
PC7 
IN 
OUT 


MODE 1 


IN 
OUT 


IN 
OUT 
IN 
OUT 
IN 
OUT 
IN 
OUT 
IN 
OUT 
IN 
OUT 
IN 
OUT 
IN 
OUT 


IN 
OUT 
IN 
OUT 
IN 
OUT 
IN 
OUT 
IN 
OUT 
IN 
OUT 
IN 
OUT 
IN 
OUT 


INTRa 
INTRa 
IBFa 
OBFa 
STBa 
ACKa 
INTRA 
INTRA 
STBA 
I/O 
IBFA 
I/O 
I/O 
ACKA 
I/O 
OBFA 


Special 
Mode Combination 
Considerations 


There 
are several 
combinafions 
of modes 
possible. 
For any combination, 
some or all of the Port Clines 
are used for control 
or status. The remaining 
bits are 
either inputs or outputs 
as defined 
by a "Set 
Mode" 
command. 


During a read of Port C, the state of all the Port C 
lines, except 
the ACK and STB lines, will be placed 
on the data bus. In place of the ACK and STB line 
states, flag status will appear on the data bus in the 
PC2, PC4, and 
PC6 bit positions 
as illustrated 
by 
Figure 18. 


Through 
a "Write 
Port C" command, 
only the Port C 
pins programmed 
as outputs 
in a Mode 0 group can 
be written. 
No other pins can be affected 
by a "Write 
Port C" command, 
nor can the interrupt 
enable flags 
be accessed. 
To write 
to any 
Port 
C output 
pro- 
grammed 
as an output 
in a Mode 
1 group 
or to 


MODE 2 


GROUP A ONLV 
+-+ 
+-+ 
+-+ 
+-+ 
+-+ 
+-+ 
+-+ 
+-+ 
-- 
--- 
--- 


I/O 
I/O 
I/O 
INTRA 
STBA 
IBFA 
ACKA 
OBFA 


MODE 0 
OR MODE 1 
ONLY 


change an interrupt 
enable flag, the "Set/Reset 
Port 
C Bit" command 
must be used. 


With a "Set/Reset 
Port C Bit" command, 
any Port C 
line programmed 
as an output 
(including 
INTR, 
IBF 
and OBF) can be written, 
or an interrupt 
enable 
flag 
can be either set or reset. Port C lines programmed 
as inputs, including 
ACK and STB lines, associated 
with Port C are not affected 
by a "Set/Reset 
Port C 
Bit" command. 
Writin~ 
the corresponding 
Port C 
bit positions 
of the 
ACK 
and 
STB 
lines 
with 
the 
"Set/Reset 
Port 
C Bit" 
command 
will 
affect 
the 
Group A and Group B interrupt 
enable flags, as illus- 
trated 
in Figure 
18. 


Current 
Drive Capability 


Any output on Port A, B or C can sink or source 
2.5 
mA. This feature 
allows the 82C55A 
to directly 
drive 
Darlington 
type 
drivers 
and 
high-voltage 
displays 
that require such sink or source 
current. 


• 


intJ 


Reading 
Port C Status 


In Mode 0, Port C transfers 
data to or from the pe- 
ripheral device. When the 82C55A 
is programmed 
to 
function 
in Modes 
1 or 2, Port C generates 
or ac- 
cepts "hand-shaking" 
signals with the peripheral 
de- 
vice. Reading 
the contents 
of Port C allows the pro- 
grammer 
to test or verify the "status" 
of each 
pe- 


ripheral 
device 
and 
change 
the 
program 
flow 
ac- 
cordingly. 


There is no special 
instruction 
to read the status in- 
formation 
from 
Port C. A normal 
read operation 
of 
Port C is executed 
to perform 
this function. 


GROUPA 


(Defined 
By Mode 
0 or Mode 
1 Selection) 


Interrupt 
Enable Flag 
Position 
Alternate 
Port C Pin Signal (Mode) 


INTEB 
PC2 
ACKs (Output Mode 1) or STBs (Input Mode 1) 


INTEA2 
PC4 
STBA (Input Mode 1 or Mode 2) 
INTEA1 
PC6 
ACKA (Output Mode 1 or Mode 2 


inter 


NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 
These are stress ratings 
only. Operation 
beyond 
the 
"Operating 
Conditions" 
is not recommended 
and ex- 
tended 
exposure beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


Ambient 
Temperature 
Under Bias .... 
O°C to + 70°C 


Storage Temperature 
- 
65°C to + 150°C 


Supply Voltage 
- 
0.5 to + 8.0V 


Operating 
Voltage 
+ 4V to + 7V 


Voltage on any Input 
GND-2V 
to + 6.5V 


Voltage 
on any Output 
.. GND-0.5V 
to Vee + 0.5V 


Power Dissipation 
1 Watt 


D.C. CHARACTERISTICS 
TA = O°C to 70°C, Vee = + 5V ± 10%, GND = OV (TA = - 40°C to + 85°C for Extended 
Temperture) 


Symbol 
Parameter 
Min 
Max 
Units 
Test Conditions 


VIL 
Input Low Voltage 
-0.5 
0.8 
V 


VIH 
Input High Voltage 
2.0 
Vee 
V 


VOL 
Output Low Voltage 
0.4 
V 
IOL = 2.5 mA 


VOH 
Output High Voltage 
3.0 
V 
IOH = -2.5mA 
Vee - 
0.4 
V 
IOH = -100 
!LA 


IlL 
Input Leakage Current 
±1 
!LA 
VIN = Vee to OV 
(Note 1) 


IOFL 
Output Float Leakage Current 
±10 
!LA 
VIN = Vee to OV 
(Note 2) 


IDAR 
Darlington 
Drive Current 
±2.5 
(Note 4) 
mA 
Ports A, B, C 
Rext = 500n 
Vext = 1.7V 


IpHL 
Port Hold Low Leakage Current 
+50 
+300 
!LA 
VOUT = 1.0V 
PortA 
only 


IpHH 
Port Hold High Leakage Current 
-50 
-300 
!LA 
VOUT = 3.0V 
Ports A, B, C 


IpHLO 
Port Hold Low Overdrive 
Current 
-350 
!LA 
VOUT = 0.8V 


IpHHO 
Port Hold High Overdrive 
Current 
+350 
!LA 
VOUT = 3.0V 


Ice 
Vee Supply Current 
10 
mA 
(Note 3) 


leeSB 
Vee Supply Current-Standby 
10 
!LA 
Vee = 5.5V 
VIN = Vee or GND 
Port Conditions 
If I/P = Open/High 
O/P 
= Open Only 
With Data Bus = 
High/Low 
CS = High 


,. 
Reset = Low 
Pure Inputs = 
Low/High 


NOTES: 
1. Pins A1' Ao, CS, WR, RD, Reset. 
2. Data Bus; Ports B, e. 
3. Outputs open. 
4. Limit output current to 4.0 mA. 


• 


CAPACITANCE 
TA = 
25·C, vcc 
=GND 
= 
OV 


Symbol 
Parameter 
Min 
Max 
Units 
Test Conditions 


CIN 
Input Capacitance 
10 
pF 
Unmeasured 
pins 


CliO 
I/O Capacitance 
20 
pF 
returned 
to GND 
fc = 1 MHz(5) 


NOTE: 
5. Sampled 
not 100% 
tested. 


A.C. CHARACTERISTICS 
TA = o· to 70·C, Vcc 
= 
+5V 
±10%, 
GND 
= 
OV 


TA = 
- 40·C to + 85·C for Extended 
Temperature 


Symbol 
Parameter 
82C55A-2 
Units 
Test 


Min 
Max 
Conditions 


tAR 
Address 
Stable Before RD J.. 
0 
ns 


tRA 
Address 
Hold Time After RD i 
0 
ns 


tRR 
RD Pulse Width 
150 
ns 


tRO 
Data Delay from RD J.. 
120 
ns 


tOF 
RD i to Data Floating 
10 
75 
ns 


tRY 
Recovery 
Time between 
RD/WR 
200 
ns 


Symbol 
Parameter 
82C55A-2 
Units 
Test 


Min 
Max 
Conditions 


tAW 
Address 
Stable Before WR J.. 
0 
ns 


tWA 
Address 
Hold Time After WR i 
20 
ns 
Ports A & B 


20 
ns 
PortC 


tww 
WR Pulse Width 
100 
ns 


tow 
Data Setup Time Before WR i 
100 
ns 


two 
Data Hold Time After WR i 
30 
ns 
Ports A & B 


30 
ns 
Port C 


inter 


Symbol 
Parameter 
82C55A-2 
Units 
Test 
Min 
Max 
Conditions 


tWB 
WR = 1 to Output 
350 
ns 


tlR 
Peripheral 
Data Before RD 
0 
ns 


tHR 
Peripheral 
Data After RD 
0 
ns 


tAK 
ACK Pulse Width 
200 
ns 


tST 
STB Pulse Width 
100 
ns 


tps 
Per. Data Before STB High 
20 
ns 


tpH 
Per. Data After STBHigh 
50 
ns 


tAD 
ACK = 0 to Output 
175 
ns 


tKD 
ACK = 1 to Output Float 
20 
250 
ns 


tWOB 
WR = 1 to OBF = 0 
150 
ns 


tAOB 
ACK = 0 to OBF = 1 
150 
ns 


tSIB 
STB = 0 to IBF = 1 
150 
ns 


tRIB 
RD = 1 to IBF = 0 
150 
ns 


tRIT 
RD = 0 to INTR = 0 
200 
ns 


tSIT 
STB = 1 to INTR = 1 
150 
ns 


tAIT 
ACK = 1 to INTR = 1 
150 
ns 


tWIT 
WR = OtolNTR 
= 0 
200 
ns 
see note 1 


tRES 
Reset Pulse Width 
500 
ns 
see note 2 


NOTE: 
1. INTRi may occur as early as WR ..l.. 
2. Pulse width of initial Reset pulse after power on must be at least 50 ",Sec. Subsequent Reset pulses may be 500 ns 
minimum. 


• 


inter 


WAVEFORMS 


MODE 
0 (BASIC 
INPUT) 


OUTPUT 
~ 
)d' 
---------------------i:==-- .... 
--~.r------- 


• 


inter 


Note: 
Any sequence 
where 
WR occurs 
before ACK AND SFB occurs 
before 
RD is permissible. 
(INTR 
= IBF. 
MASK. 
STB • RD + OBF. 
MASK. 
ACK • WR) 


2.0 
2.0 
>TEST POINTS < 
VEn' 


0.1 
0.8 


231256-29 


A.G. Testing 
Inputs 
Are Driven 
At 2.4V 
For A Logic 
1 And 0.45V 
For 
A Logic 
0 Timing 
Measurements 
Are 
Made 
At 2.0V 
For 
A 
Logic 
1 And 
0.8 For A Logic 
O. 


8256AH 
MULTIFUNCTION 
MICROPROCESSOR 
SUPPORT CONTROLLER 


• 
Programmable Serial Asynchronous 
Communications Interface for 5-, 6-, 7-, 
or 8-Bit Characters, 1, 1%, or 2 Stop 
Bits, and Parity Generation 


• 
On-Board Baud Rate Generator 
Programmable for 13 Common Baud 
Rates up to 19.2 KBits/Second, or an 
External Baud Clock Maximum of 1M 
Bit/Second 


• 
Five 8-Bit Programmable Timer/ 
Counters; Four Can Be Cascaded to 
Two 16-Bit Timer/Counters 


• 
Two 8-Bit Programmable Parallel I/O 
Ports; Port 1 Can Be Programmed for 
Port 2 Handshake Controls and Event 
Counter Inputs 


• 
Eight-Level Priority Interrupt Controller 
Programmable for 8085 or iAPX 86, 
iAPX 88 Systems and for Fully Nested 
Interrupt Capability 


• 
Programmable System Clock to 
1 X, 


2 x, 3 x, or 5 X 1.024MHz 


The Intel@ 8256AH 
Multifunction 
Universal 
Asynchronous 
Receiver-Transmitter 
(MUART) 
combines 
five com- 


monly used functions 
into a single 40-pin device. It is designed 
to interface 
to the 8086/88, 
iAPX 186/188, 
and 


8051 to perform 
serial communications, 
parallel 
I/O, timing, event counting, 
and priority interrupt 
functions. 
All 


of these functions 
are fully programmable 
through 
nine internal 
registers. 
In addition, 
the five timer/counters 


and two parallel 
I/O ports can be accessed 
directly 
by the microprocessor. 


ADO 
Vee 


ADl 
Pl0 


A02 
Pll 


A03 
P12 


AD. 
P13 


DB5 
Pl. 


DB' 
P15 


DB1 
Pl' 


ALE 
P11 


iiii 
P20 


WR 
P21 


RESET 
P22 


~ 
P23 


INTA 
P2. 


INT 
P25 


EXTINT 
P2I 


elK 
P27 


~ 
TxD 


RxD 
~ 


OND 
ell 


~ 
lIli 
Wll 


ALE 
RESET 
lJlTi 


INT 
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Figure 2. MUART Pin 


Configuration 
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Symbol 
Pin 
Type 
Name and Function 


ADO-AD4 
1-5 
I/O 
ADDRESS/OAT 
A: Three-state 
address/ data lines which interface 
to the lower 8 
DB5-DB7 
6-8 
bits of the microprocessor's 
multiplexed 
address/data 
bus. The 5-bit address is 
latched on the falling edge of ALE. In the 8-bit mode, ADO-AD3 
are used to select 
the proper register, while AD1-AD4 
are used in the 16-bit mode. AD4 in the 8-bit 
mode is ignored as an address, while ADO in the 16-bit mode is used as a second 
chip select, active low. 


ALE 
9 
I 
ADDRESS 
LATCH ENABLE: Latches the 5 address lines on ADO-AD4 
and CS 
on the falling edge. 


RD 
10 
I 
READ CONTROL: 
When this signal is low, the selected 
register is'gated onto the 
data bus. 


WR 
11 
I 
WRITE CONTROL: 
When this signal is low, the value on the data bus is written 
into the selected 
register. 


RESET 
12 
I 
RESET: An active high pulse on this pin forces the chip into its initial state. The 
chip remains in this state until control 
information 
is written. 


CS 
13 
I 
CHiP SELECT: A low on this signal enables the MUART. 
It is latched with the 
address on the falling edge of ALE, and RD and WR have no effect unless CS 
was latched low during the ALE cycle. 


INTA 
14 
I 
INTERRUPT 
ACKNOWLEDGE: 
If the MUART has been enabled 
to respond 
to 
interrupts, 
this signal informs the MUART that its interrupt 
request is being 
acknowledged 
by the microprocessor. 
During this acknowledgement 
the MUART 
puts an RSTn instruction 
on the data bus for the 8-bit mode or a vector for the 16- 
bit mode. 


INT 
15 
0 
iNTERRUPT 
REQUEST: 
A high signals the microprocessor 
that the MUART 
needs service. 


EXTINT 
16 
I 
EXTERNAL 
INTERRUPT: 
An external device can request interrupt 
service 
through this input. The input is level sensitive 
(high), therefore 
it must be held high 
until an INTA occurs or the interrupt 
address register is read. 


CLK 
17 
I 
SYSTEM CLOCK: The reference 
clock for the baud rate generator 
and the timers. 


RxC 
18 
I/O 
RECEIVE 
CLOCK: If the baud rate bits in the Command 
Register 2 are all 0, this 
pin is an input which clocks serial data into the RxD pin on the rising edge of RxC. 
If baud rate bits in Command 
Register 2 are programmed 
from 1-0FH, 
this pin 
outputs a square wave whose rising edge indicates 
when the data on RxD is 
being sampled. 
This output remains high during start, stop, and parity bits. 


RxD 
19 
I 
RECEIVE 
DATA: Serial data input. 


GND 
20 
PS 
GROUND: 
Power supply and logic ground reference. 
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Symbol 
Pin 
Type 
Name and Function 


CTS 
21 
I 
CLEAR TO SEND: This input enables the serial transmitter. 
If 1, 


1.5, or 2 stop bits are selected 
CTS is level sensitive. 
As long as 


CTS is low, any character 
loaded into the transmitter 
buffer 


register will be transmitted 
serially. A single negative going pulse 


causes the transmission 
of a single character 
previously 
loaded 
into the transmitter 
buffer register. 
If a baud rate from 1-0FH 
is 


selected, 
CTS must be low for at least %2 of a bit, or it will be 
ignored. 
If the transmitter 
buffer is empty, this pulse will be ignored. 


If this pulse occurs during the transmission 
of a character 
up to the 


time where % the first (or only) stop bit is sent out, it will be 
ignored. 
If it occurs afterwards, 
but before the end of the stop bits, 


the next character 
will be transmitted 
immediately 
following 
the 


current one. If CTS is still high when the transmitter 
register is 


sending the last stop bit, the transmitter 
will enter its idle state until 


the next high-to-Iow 
transition 
on CTS occurs. 
If 0.75 stop bits is 


chosen, the CTS input is edge sensitive. 
A negative edge on CTS 


results in the immediate 
transmission 
of the next character. 
The 
length of the stop bits is determined 
by the time interval between 


the beginning 
of the first stop bit and the next negative 
edge on 


CTS. A high-to-Iow 
transition 
has no effect if the transmitter 
buffer 
is empty or if the time interval between 
the beginning 
of the stop bit 


and next negative edge is less than 0.75 bits. A high or a low level 
or a low-to-high 
transition 
has no effect on the transmitter 
for the 


0.75 stop bit mode. 


TxC 
22 
I/O 
TRANSMIT 
CLOCK: If the baud rate bits in command 
register 2 


are all set to 0, this input clocks data out of the transmitter 
on the 


falling edge. If baud rate bits are programmed 
for 1 or 2, this input 


permits the user to provide a 32 x or 64 x clock which is used for 
the receiver and transmitter. 
If the baud rate bits are programmed 


for 3-0FH, 
the internal transmitter 
clock is output. As an output it 


delivers the transmitter 
clock at the selected 
bit rate. If 1% or 0.75 


stop bits are selected, 
the transmitter 
divider will be 
asynchronously 
reset at the beginning 
of each start bit, 


immediately 
causing a high-to-Iow 
transition 
on TxC. TxC makes a 
high-to-Iow 
transition 
at the beginning 
of each serial bit, and a low- 


to-high transition 
at the center of each bit. 


TxD 
23 
0 
TRANSMIT 
DATA: Serial data output. 


P27-P20 
24-31 
I/O 
PARALLEL 
1/0 PORT 2: Eight bit general purpose 
I/O port. Each 


nibble (4 bits) of this port can be either an input or an output. The 
outputs are latched whereas 
the input signals are not. Also, this 


port can be used as an 8-bit input or output port when using the 
two-wire 
handshake. 
In the handshake 
mode both inputs and 


outputs are latched. 


P17-P10 
32-39 
I/O 
PARALLEL 
I/O PORT 1: Each pin can be programmed 
as an 


input or an output to perform general purpose 
I/O. All outputs are 


latched whereas 
inputs are not. Alternatively 
these pins can serve 


as control 
pins which extend the functional 
spectrum 
of the chip. 


Vcc 
40 
PS 
POWER: + 5V power supply. 
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The 8256AH 
Multi-Function 
Universal 
Asynchronous 
Receiver-Transmitter 
(MUART) 
combines 
five com- 
monly 
used 
functions 
into 
a single 
40-pin 
device. 
The MUART 
performs 
asynchronous 
serial commu- 
nications, 
parallel 
I/O, 
timing, 
event 
counting, 
and 
interrupt 
control. 
For detailed 
application 
informa- 
tion, 
see 
Intel 
AP Note 
# 153, Designing 
with 
the 
8256. 


The 
serial 
communications 
portion 
of the 
MUART 
contains 
a full-duplex 
asynchronous 
receiver-trans- 
mitter (UART). A programmable 
baud rate generator 
is included 
on the MUART to permit a variety of op- 
erating 
speeds 
without 
external 
components. 
The 
UART can be programmed 
by the CPU for a variety 
of character 
sizes, parity generation 
and detection, 
error detection, 
and start/stop 
bit handling. 
The re- 
ceiver checks the start and stop bits in the center of 
the bit, and a break halts the reception 
of data. The 
transmitter 
can send breaks 
and can be controlled 
by an external 
enable 
pin. 


The MUART includes 
16 bits of general purpose 
par- 
allel 
I/O. 
Eight 
bits 
(Port 
1) can 
be 
individually 
changed 
from input to output or used for special I/O 
functions. 
The other eight bits (Port 2) can be used 
as nibbles 
(4 bits) or as bytes. These eight bits also 
include 
a handshaking 
capability 
using two pins on 
Port 1. 


There 
are five 8-bit counter/timers 
on the MUART. 
The timers can be programmed 
to use either a 1 kHz 
or 16 kHz clock 
generated 
from the system 
clock. 
Four of the 8-bit counter/timers 
can be cascaded 
to 
two 16-bit counter/timers, 
and one of the 8-bit coun- 
ter/timers 
can be reset to its initial value by an exter- 
nal signal. 


Interrupts 


An eight-level 
priority interrupt 
controller 
can be con- 
figured 
for fully 
nested 
or normal 
interrupt 
priority. 
Seven 
of the 
eight 
interrupts 
service 
functions 
on 
the MUART 
(counter/timers, 
UART), and one exter- 
nal interrupt 
is provided 
which 
can 
be used 
for a 
particular 
function 
or for chaining 
interrupt 
control- 
lers 
or 
more 
MUARTs. 
The 
MUART 
will 
support 


8085 and 8086/88 
systems 
with direct interrupt 
vec- 
toring, or the MUART can be polled to determine 
the 
cause of the interrupt. 
If additional 
interrupt 
control 
capability 
is needed, 
the MUART's 
interrupt 
control- 
ler can be cascaded 
into another 
MUART, 
into an 
Intel 
8259A 
Programmable 
Interrupt 
Controller, 
or 
into 
the 
interrupt 
controller 
of 
the 
iAPX 
186/188 
High-Integration 
Microprocessor. 


In general 
the MUART's 
functions 
are independent 
of each other and only the registers 
and bits associ- 
ated with a particular 
function 
need to be initialized, 
not the entire chip. The command 
sequence 
is arbi- 
trary 
since 
every 
register 
is directly 
addressable; 
however, 
Command 
Byte 1 must be loaded first. To 
put the device 
into a fully operational 
condition, 
it is 
necessary 
to write the following 
commands: 


Command 
byte 1 
Command 
byte 2 
Command 
byte 3 
Mode byte 
Port 1 control 
Set Interrupts 


The modification 
register 
may be loaded 
if required 
for 
special 
applications; 
normally 
this 
operation 
is 
not necessary. 
The MUART 
should 
be reset before 
initialization. 
(Either a hardware 
or a software 
reset 
will do.) 


This 
section 
describes 
the 
hardware 
interface 
be- 
tween 
the 
8256 
MUART 
and 
the 
80186 
micro- 
processor. 
Figure 
3 displays 
the block 
diagram 
for 
this 
interface. 
The 
MUART 
can 
be 
interfaced 
to 
many other microprocessors 
using these 
basic prin- 
ciples. 


In all cases 
the 8256 
will be connected 
directly 
to 
the CPU's 
multiplexed 
address/data 
bus. If latches 
or 
data 
bus 
buffers 
are 
used 
in 
a 
system, 
the 
MUART should be on the microprocessor 
side of the 
address/data 
bus. The MUART 
latches 
the address 
internally 
on the falling 
edge 
of ALE. The 
address 
consists 
of Chip Select 
(CS) and four address 
lines. 


For 8-bit 
microprocessors, 
ADO-AD3 
are 
the 
ad- 
dress 
lines. 
For 16-bit 
microprocessors, 
AD1-AD4 
are the address 
lines; ADO is used as a second 
chip 
select which is active 
low. Since chip select 
is inter- 
nally 
latched 
along 
with 
the 
address, 
it does 
not 
have to remain 
active 
during 
the entire 
instruction 
cycle. 
As long 
as the 
chip 
select 
setup 
and 
hold 
times are met, it can be derived from multiplexed 
ad- 
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x 
X 
RESET 
12 
RD 


WR 
INTO 


INTAO 
ALE 


dress/data 
lines 
or 
multiplexed 
address/status 
lines. 
When 
the 
8256 
is in the 
16-bit 
mode, 
AO 
serves 
as a second 
chip 
select. 
As 
a result 
the 
MUART's 
internal 
registers 
will 
all have 
even 
ad- 
dresses 
since AO must be zero to select the device. 
Normally 
the 
MUART 
will be placed 
on the 
lower 
data byte. If the MUART is placed on the upper data 
byte, the internal 
registers 
will be 512 address 
loca- 
tions 
apart 
and the chip would 
occupy 
an 8k word 
address 
space. 


The 
following 
section 
will 
provide 
a description 
of 
the registers 
and define the bits within the registers 
where 
appropriate. 
Table 
2 lists the 
registers 
and 
their addresses. 


This bit selects 
between 
two frequencies 
for the five 
timers. 
If FRO 
= 0, the 
timer 
input 
frequency 
is 
16 kHz (62.5 ).I-s). If FRO 
= 1, the timer input fre- 
quency 
is 1 kHz (1 ms). The selected 
clock frequen- 


cy is shared 
by all the counter/timers 
enabled 
for 
timing; 
thus, all timers 
must run with the same time 
base. 


This bit selects 
between 
8085 mode and 8086/8088 
mode. In 8085 mode (8086 = 0), AO to A3 are used 
to address 
the internal 
registers, 
and an RSTn 
in- 
struction 
is generated 
in response 
to the first INTA. 


In 8086 
mode 
(8086 
= 1), A1 to A4 are used to 
address 
the internal 
registers, 
and AO is used as an 
extra chip select (AO must equal zero to be enabled). 
The response 
to INTA is for 8086 
interrupts 
where 
the 
first 
INTA 
is ignored, 
and 
an interrupt 
vector 
(40H to 47H) is placed on the bus in response 
to the 
second 
INTA. 


This bit selects 
between 
one of two interrupt 
sourc- 
es on Priority Level 1, either Counter/Timer 
2 or Port 
1 P17 interrupt. 
When 
this 
bit equals 
0, Counter/ 
Timer 
2 will be mapped 
into Priority 
Level 
1. If 81T1 
equals 
0 and 
Level 
1 interrupt 
is enabled, 
a tran- 


sition from 
1 to 0 in Counter/Timer 
2 will generate 
an interrupt 
request 
on Level 1. When 81TI equals 
1, 


Port 1 P17 ex1ernal edge triggered 
interrupt 
source 
is mapped 
into Priority Level 1. In this case if Level 1 
is enabled, 
a low-to-high 
transition 
on P17 generates 
an interrupt 
request 
on Level 1. 
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Table 2. MUART Registers 


Read 
Registers 
Write 
Registers 


808SMode: 
AD3 
AD2 
AD1 
ADO 


8086 Mode: 
AD4 
AD3 
AD2 
AD1 


0 
0 
0 
0 


Command 
1 
Command 
1 


0 
0 
0 


Command 
2 
Command 
2 


0 
0 
0 


Command 
3 
Command 
3 


0 


Mode 
Mode 


0 
0 
0 


Port 1 Control 
Port 1 Control 


0 
0 


Interrupt 
Enable 
Set Interrupts 


0 
0 


Interrupt 
Address 
Reset 
Interrupts 


0 


Receiver 
Buffer 
Transmitter 
Buffer 


0 
0 
0 


Port 1 
Port 1 


0 
0 


Port 2 
Port 2 


0 
0 


Timer 
1 
Timer 
1 


0 


Timer 
2 
Timer 
2 


0 
0 


Timer 
3 
Timer 
3 


0 


Timer 
4 
Timer 
4 


0 


TimerS 
TimerS 


Status 
Modification 


inter 


If this bit equals 0, Port 1 P16 is a general 
purpose 
II 
o port. When 
BRKI equals 
1, the 
Break-In 
Detect 
feature 
is enabled 
on Port 1 P16. A Break-In 
condi- 
tion 
is present 
on the transmission 
line when 
it is 
forced 
to the start bit voltage 
level by the receiving 
station. 
Port 1 P16 must be connected 
externally 
to 
the transmission 
line in order to detect 
a Break-In. 
A 
Break-In 
is polled 
by the MUART 
during the trans- 
mission 
of the last or only stop bit of a character. 


A Break-In 
Detect 
is OR-ed with Break Detect 
in Bit 
3 of 
the 
Status 
Register. 
The 
distinction 
can 
be 
made through 
the interrupt 
controller. 
If the transmit 
and receive 
interrupts 
are enabled, 
a Break-In 
will 
generate 
an interrupt 
on Level 5, the transmit 
inter- 
rupt, while Break will generate 
an interrupt 
on Level 
4, the receive 
interrupt. 


S1 
SO 
Stop Bit Length 


0 
0 
1 


0 
1 
1.5 


1 
0 
2 


1 
1 
0.75 


The relationship 
of the number 
of stop bits and the 
function 
of input 
CTS 
is discussed 
in the 
Pin De- 
scription 
section 
under "CTS". 


L1 
LO 
Character 
Length 


0 
0 
8 


0 
1 
7 


1 
0 
6 


1 
1 
5 


Programming 
bits 0 ... 
3 with values from 3H to FH 
enables 
the internal 
baud rate generator 
as a com- 
mon clock 
source 
for the transmitter 
and 
receiver 
and determines 
its divider ratio. 


Programming 
bits 0 . . . 3 with values 
of 1H or 2H 
enables 
input TxC as a common 
clock source for the 
transmitter 
and 
receiver. 
The 
external 
clock 
must 


provide 
a frequency 
of either 32 x or 64 x the baud 
rate. The data transmission 
rates range from O... 
32 
Kbaud. 


If. bits 0 ... 
3 are set to 0, separate 
clocks 
must be 
input to pin RxC for the receiver 
and pin TxC for the 
transmitter. 
Thus, different 
baud rates can be used 
for transmission 
and 
reception. 
In this 
case, 
pre- 


. scalers 
are disabled 
and the input serial clock 
fre- 
quency 
must match 
the baud rate. The input serial 
clock 
frequency 
can 
range 
from 
0 MHz 
to 
1.024 
MHz. 


These 
four bits select 
the bit clock's 
source, 
sam- 
pling rate, and serial rate for the internal 
baud rate 
generator. 


B3 
B2 
B1 
BO 
Baud 
Sampling 
Rate 
Rate 


0 
0 
0 
0 
TxC,RxC 
1 


0 
0 
0 
1 
TxC/64 
64 


0 
0 
1 
0 
TxC/32 
32 


0 
0 
1 
1 
19200 
32 


0 
1 
0 
0 
9600 
64 


0 
1 
0 
1 
4800 
64 


0 
1 
1 
0 
2400 
64 


0 
1 
1 
1 
1200 
64 


1 
0 
0 
0 
600 
64 


1 
0 
0 
1 
300 
64 


1 
0 
1 
0 
200 
64 


1 
0 
1 
1 
150 
64 


1 
1 
0 
0 
110 
64 


1 
1 
0 
1 
100 
64 


1 
1 
1 
0 
75 
64 


1 
1 
1 
1 
50 
64 


The following 
table gives an overview 
of the function 
of pins TxC and RxC: 


Bits 3 to 
TxC 
RxC 
o (Hex.) 


0 
Input: 1 x baud 
Input: 1 x baud 
rate clock for the 
rate clock for the 
transmitter 
receiver 


1,2 
Input: 32 x or 
Output: receiver 
bit 
64 x baud rate 
clock with a low-to- 
for transmitter 
high transition 
at 
and receiver 
data bit sampling 
time. Otherwise: 
high level 


3 to F 
Output: baud rate 
Output: as above 
clock of the 
transmitter 
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As an output, 
RxC outputs 
a low-to-high 
transition 
at 
sampling 
time of every data bit of a character. 
Thus; 
data can be loaded, 
e.g., into a shift register 
exter- 
nally. The transition 
occurs only if data bits of a char- 
acter are present. 
It does not occur for start, parity, 
and stop bits (RxC = high). 


As an output, 
TxC 
outputs 
the 
internal 
baud 
rate 
clock 
of the transmitter. 
There 
will be a high-to-Iow 
transition 
at every beginning 
of a bit. 


CO, C1-SYSTEM 
CLOCK PRESCAlER (BITS 4, 
5) 


Bits 4 and 5 define the system clock prescaler 
divid- 
er 
ratio. 
The 
internal 
operating 
frequency 
of 
1.024 MHz is derived 
from the system 
clock. 


C1 
CO 
Divider Ratio 
Clock at Pin 
ClK 


0 
0 
5 
5.12 MHz 


0 
1 
3 
3.072 MHz 


1 
0 
2 
2.048 MHz 


1 
1 
1 
1.024 MHz 


EP-EVEN 
PARITY (BIT 6) 


EP = 0: Odd parity 
EP = 1: Even parity 


PEN = 0: No parity bit 
PEN = 1: Even parity bit 


The parity bit according 
to Command 
Register 2 bit 6 
(see above) is inserted 
between 
the last data bit of a 
character 
and the first or only stop bit. The parity bit 
is checked 
during reception. 
A false parity bit gener- 
ates an error indication 
in the Status Register and an 
Interrupt 
Request 
on Level 4. 


Command 
Register 3 


SET 


Command 
Register 
3 is different 
from the first two 
registers 
because 
it has a bit set/reset 
capability. 
Writing 
a byte with 
Bit 7 high sets 
any bits which 
were also high. Writing 
a byte with Bit 7 low resets 


any bits which 
were 
high. If any bit 0-6 is low, no 
change 
occurs to that bit. When command 
Register 
3 is read, bits 0, 3, and 7 will always 
be zero. 


If RST is set, the following 
events 
occur: 


1. All bits in the Status Register 
except 
bits 4 and 5 
are cleared, 
and bits 4 and 5 are set. 


2. The Interrupt 
Enable, Interrupt 
Request, 
and Inter- 


rupt Service 
Registers 
are cleared. 
Pending 
re- 


quests and indications 
for interrupts 
in service will 
be cancelled. 
Interrupt 
signal INT will go low. 


3. The receiver 
and transmitter 
are reset. The trans- 
mitter 
goes 
idle 
(TxD is high), 
and the 
receiver 
enters 
start bit search 
mode. 


4. If Port 2 is programmed 
for handshake 
mode, IBF 
and OBF are reset high. 


RST does not alter ports, data registers 
or command 
registers, 
but it halts any operation 
in progress. 
RST 
is automatically 
cleared. 


RST 
= 0 has no effect. 
The 
reset 
operation 
trig- 
gered 
by Command 
Register 
3 is a subset 
of the 
hardware 
reset. 


The transmission 
data output TxD will be set low as 
soon as the transmission 
of the previous 
character 
has been finished. 
It stays low until TBRK is cleared. 


The state of CTS is of no significance 
for this opera- 
tion. As long as break 
is active, 
data transfer 
from 
the Transmitter 
Buffer 
to the Transmitter 
Register 
will be inhibited. As soon as TBRK is reset, the break 
condition 
will be deactivated 
and the transmitter 
will 
be re-enabled. 


This causes 
the transmitter 
data to be set low for 
one character 
including 
start bit, data bits, parity bit, 


and stop bits. SBRK 
is automatically 
cleared 
when 
time for the last data bit has passed. 
It will start after 
the character 
in progress 
completes, 
and will delay 
the next data transfer 
from the Transmitter 
Buffer to 
the Transmitter 
Register 
until TxD returns to an idle 
(marking) 
state. 
If both 
TBRK 
and 
SBRK 
are set, 


break will be set as long as TBRK 
is set, but SBRK 
will be cleared 
after one character 
time of break. 
If 
SBRK is set again, it remains set for another 
charac- 
ter. The user can send a definite 
number 
of break 
characters 
in this 
manner 
by clearing 
TBRK 
after 
setting 
SBRK for the last character 
time. 


END-END 
OF INTERRUPT 


If fully nested 
interrupt 
mode is selected, 
this bit re- 


sets the currently 
served 
interrupt 
level in the Inter- 


rupt Service 
Register. 
This command 
must occur at 


the end of each interrupt 
service 
routine 
during fully 


nested 
interrupt 
mode. END is automatically 
cleared 


when 
the 
Interrupt 
Service 
Register 
(internal) 
is 


cleared. 
END is ignored 
if nested 
interrupts 
are not 


enabled. 


NIE-NESTED 
INTERRUPT ENABLE 


When NIE equals 1, the interrupt 
controller 
will oper- 


ate in the nested 
interrupt 
mode. When 
NIE equals 


0, the interrupt 
controller 
will operate 
in the normal 


interrupt 
mode. 
Refer 
to the 
"Interrupt 
controller" 


section 
of AP-153 under "Normal 
Mode" 
and "Nest- 


ed Mode" 
for a detailed 
description 
of these opera- 


tions. 


IAE-INTERRUPT 
ACKNOWLEDGE ENABLE 


This bit enables 
an automatic 
response 
to INT A. The 


particular 
response 
is determined 
by the 8086 bit in 


Command 
Register 
1. 


This bit enables 
the serial receiver 
and its associat- 


ed status bits in the status register. If this bit is reset, 
the serial 
receiver 
will be disabled 
and the receive 


status bits will not be updated. 


Note that the detection 
of break characters 
remains 


enabled 
while 
the 
receiver 
is disabled; 
i.e., Status 


Register 
Bit 3 (BO) will be set while the receiver 
is 


disabled 
whenever 
a break character 
has been rec- 


ognized 
at the receive 
data input RxO. 


If this bit is high during a write to Command 
Register 


3, then any bit marked 
by a high will set. If this bit is 


low, then any bit marked 
by a high will be cleared. 


If test mode is selected, 
the output from the internal 


baud rate generator 
is placed on bit 4 of Port 1 (pin 


35). 


To achieve 
this, it is necessary 
to program 
bit 4 of 


Port 1 as an output 
(Port 1 Control 
Register 
Bit P14 


= 1), and to program 
Command 
Register 
2 bits B3- 


BO with a value 
~ 3H. 


Direction 


P2C2 P2C1 P2CO 
Mode 


Upper 
Lower 


0 
0 
0 
Nibble 
Input 
Input 


0 
0 
1 
Nibble 
Input 
Output 


0 
1 
0 
Nibble 
Output 
Input 


0 
1 
1 
Nibble 
Output 
Output 


1 
0 
0 
Byte 
Input 


Handshake 


1 
0 
1 
Byte 
Output 


Handshake 


1 
1 
0 
DO NOT USE 


1 
1 
1 
Test 


NOTE: 
If Port 2 is operating 
in handshake 
mode, 
Interrupt 
Level 
7 


is not available 
for Timer 
5. Instead 
it is assigned 
to Port 2 


handshaking. 


CT2, CT3-COUNTER/TIMER 
MODE 


Bit 3 and 4 defines 
the mode of operation 
of event 


counter/timers 
2 and 3 regardless 
of its use as a 


single unit or as a cascaded 
one. 


If CT2 or CT3 are high, then 
counter/timer 
2 or 3 


respectively 
is configured 
as an event counter 
on bit 


2 or 3 respectively 
of Port 
1 (pins 37 or 36). The 


event counter 
decrements 
the count by one on each 


low-to-high 
transition 
of the external 
input. If CT2 or 


CT3 is low, then the respective 
counter/timer 
is con- 


figured 
as a timer and the Port 1 pins are used for 


parallel 
110. 


T5C- TIMER 5 CONTROL 


If T5C is set, then Timer 5 can be preset and started 
by an external 
signal. Writing to the Timer 5 register 


loads the Timer 5 save register 
and stops the timer. 


A high-to-Iow 
transition 
on bit 5 of Port 
1 (pin 34) 


loads the timer with the saved value and starts 
the 


timer. The next high-to-Iow 
transition 
on pin 34 re- 


triggers 
the timer by reloading 
it with the initial value 


and continues 
timing. 


Following 
a hardware 
reset, the save register 
is re- 


set to OOH and both clock and trigger inputs are dis- 
abled. Transferring 
an instruction 
with T5C = 1 en- 


ables the trigger input; the save register 
can now be 


loaded 
with 
an initial 
value. 
The 
first trigger 
pulse 


causes 
the initial value to be loaded 
from the save 


register 
and enables 
the counter 
to count 
down 
to 


zero. 


When 
the timer 
reaches 
zero it issues 
an interrupt 


request, 
disables 
its interrupt 
level 
and 
continues 


• 
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interrupt, 
the Timer 5 interrupt 
enable bit must be set 
again. 


Timers 
2 and 3 are the lower bytes, while Timers 
4 
and 5 are the upper bytes. 
It T5C is set, then both 
Timers 
3 and 
5 can 
be preset 
and 
started 
by an 
external 
pulse. 


When a high-to-Iow 
transition 
occurs, Timer 5 is pre- 
set to its saved value, but Timer 3 is always preset to 
all ones. 
If either CT2 or CT3 is set, then the corre- 
sponding 
timer pair is a 16-bit event counter. 


A summary 
of the counter/timer 
control 
bits is given 
in Table 3. 


NOTE: 
Interrupt 
levels 
assigned 
to 
single 
counters 
are 
partly 
not 
occupied 
if event 
counters/timers 
are 
cascaded. 
Level 
2 will 
be vacated 
if event 
coun- 
ters/timers 
2 and 4 are cascaded. 
Likewise, 
Level 
7 will be vacated 
if event 
counters/timers 
3 and 5 
are cascaded. 
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caded ones generate 
it on the transition 
from 0001 H 
to OOOOH. 


Each bit in the Port 1 Control Register 
configures 
the 
direction 
of the corresponding 
pin. If the bit is high, 


the pin is an output, and if it is low the pin is an input. 
Every Port 1 pin has another 
function 
which 
is con- 
trolled 
by other 
registers. 
If that 
special 
function 
is 
disabled, 
the pin functions 
as a general 
I/O 
pin as 
specified 
by this register. 
The special 
functions 
for 
each pin are described 
below. 


Port 
10, 11-HANDSHAKE 
CONTROL 


If byte handshake 
control 
is enabled 
for Port 2 by 


the Mode 
Register, 
then Port 10 is programmed 
as 
5TB/ ACK handshake 
control 
input, 
and 
Port 11 is 
programmed 
as IBF/OBF 
handshake 
control 
output. 


If byte 
handshake 
mode 
is enabled 
for output 
on 
Port 2 OBF indicates 
that a character 
has been load- 
ed into the Port 2 output 
buffer. 
When 
an external 


Table 3. Event Counters/Timers 
Mode of Operation 


Event Counter! 
Function 
Programming 
Clock Source 
Timer 
(Mode Word) 


1 
8-bit timer 
- 
Internal clock 


2 
8-bit timer 
T24 = 0, CT2 = 0 
Internal clock 


8-bit event counter 
T24 = 0, CT2 = 1 
P12 pin 37 


2 
8-bit timer 
T35 = 0, CT3 = 0 
Internal clock 


8-bit event counter 
T35 = 0, CT3 = 1 
P13 pin 36 


4 
8-bit timer 
T24 = 0 
Internal clock 


8-bit timer, 
T35 = 0, T5C = 0 
Internal clock 


5 
normal mode 


8-bit timer, 
T35 = 0, T5C = 1 
Internal clock 
retriggerable 
mode 


2 and 4 
16-bit timer 
T24 = 1, CT2 = 0 
Internal clock 


cascaded 
16-bit event counter 
T24 = 
1, CT2 = 
1 
P12 pin 37 


16-bit timer, 
T35 = 1, T5C = 0, 
Internal clock 
normal mode 
CT3=0 


3 and 5 
16-bit event counter, 
T35 = 1, T5C = 0, 
P13 pin 36 
cascaded 
normal mode 
CT3 = 1 


16-bit timer, 
T35 = 
1, T5C = 1, 
Internal clock 
retriggerable 
mode 
CT3 = 0 


16-bit event counter, 
T35 = 1, T5C = 1, 
P13 pin 36 
retriggerable 
mode 
CT3 = 1 


device 
reads the data, it acknowledges 
this opera- 


tion by driving ACK low. OBF is set low by writing to 
Port 2 and is reset by ACK. 


If byte handshake 
mode is enabled 
for input on Port 


2, STB is an input. IBF is driven low after STB goes 
low. On the rising edge of STB the data from Port 2 
is latched. 


If Timer 
2 or Timer 
3 is programmed 
as an event 


counter 
by the Mode Register, 
then Port 12 or Port 


13 is the 
counter 
input 
for Event 
Counter 
2 or 3, 


respectively. 


PORT 14-BAUD 
RATE GENERATOR OUTPUT 


CLOCK 


If test 
mode 
is enabled 
by the Mode 
Register 
and 


Command 
Register 
2 baud 
rate 
select 
is greater 


than 2, then 
Port 14 is an output 
from 
the internal 


baud rate generator. 


P14 in Port 1 control 
register must be set to 1 for the 


baud 
rate generator 
clock 
to be output. 
The 
baud 


rate generator 
clock is 64 x the serial bit rate excet 


at 19.2 Kbps when it is 32 x the bit rate. 


If T5C is set in the Mode Register 
enabling 
a retrig- 


gerable 
timer, then Port 15 is the input which 
starts 


and reloads 
Timer 5. 


A high-to-Iow 
transition 
on P15 (Pin 34) loads 
the 


timer with the slave register 
and starts the timer. 


If Break-In 
Detect 
is enabled 
by BRKI in Command 


Register 
1, then this input is used to sense a Break- 


In. If Port 
16 is low while 
the 
serial 
transmitter 
is 


sending the last stop bit, then a Break-In condition 
is 


signaled. 


If BITI in Command 
Register 
1 is set, then a low-to- 


high transition 
on Port 17 generates 
an interrupt 
re- 


quest on Priority Level 1. 


(5W = enable, 
6W = disable) 


Interrupts 
are enabled 
by writing to the Set Interrupts 


Register 
(5W). Interrupts 
are disabled 
by writing 
to 


the Reset 
Interrupts 
Register 
(6W). Each bit set by 


the Set Interrupts 
Register 
(5W) will enable that level 


interrupt, 
and 
each 
bit set in the 
Reset 
Interrupts 


Register 
(6W) will disable 
that 
level 
interrupt. 
The 


user can determine 
which 
interrupts 
are enabled 
by 


reading 
the Interrupt 
Enable 
Register 
(5R). 


Priority 


Highest 
LO 
Timer 1 
L1 
Timer 2 or Port Interrupt 


L2 
External 
Interrupt 
(EXTINT) 


L3 
Timer 3 or Timers 3 & 5 


L4 
Receive 
Interrupt 
L5 
Transmitter 
Interrupt 


L6 
Timer 4 or Timers 2 & 4 


L7 
Timer 5 or Port 2 Handshaking 


lolololo410f!:J1o 
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(6R) 
I 
Interrupt Level 


Indication 


Reading 
the interrupt 
address 
register 
transfers 
an 


identifier 
for the currently 
requested 
interrupt 
level 


on the system data bus. This identifier 
is the number 


of the interrupt 
level multiplied 
by 4. It can be used 


by the CPU as an offset 
address 
for interrupt 
han- 


dling. Reading 
the interrupt 
address 
register 
has the 


same 
effect 
as a hardware 
interrupt 
acknowledge 


INTA; 
it clears 
the 
interrupt 
request 
pin (INT) 
and 


indicates 
an interrupt 
acknowledgement 
to the iriter- 


rupt controller. 


Both the receiver 
and transmitter 
in the MUART are 


double buffered. 
This means that the transmitter 
and 


receiver 
have a shift register 
and a buffer 
register. 


The 
buffer 
registers 
are 
directly 
addressable 
by 


reading or writing to register 
seven. After the receiv- 


er buffer 
is full, the RBF bit in the status 
register 
is 


set. 


• 


Reading the receive buffer'clears 
the RBF status bit. 


The transmit 
buffer 
should 
be written 
to only if the 
TBE bit in the status register 
is set. Bytes written 
to 
the transmit 
buffer 
are held there 
until the transmit 
shift register 
is empty, 
assuming 
CTS is low. If the 
transmit 
buffer and shift register are empty, writing to 
the transmit 
buffer immediately 
transfers 
the byte to 
the transmit 
shift register. 
If a serial character 
length 
is less than 8 bits, the unused 
most significant 
bits 
are set to zero when reading the receive 
buffer, and 
are ignored 
when writing to the transmit 
buffer. 


Writing 
to Port 1 sets the data in the Port 1 output 
latch. Writing to an input pin does not affect the pin, 
but the data is stored 
and will be output 
if the direc- 
tion of the pin is changed 
later. If the pin is used as a 
control 
signal, 
the pin will not be affected, 
but the 
data is stored. 
Reading 
Port 1 transfers 
the data in 
Port 1 onto the data bus. 


Writing 
to Port 2 sets the data in the Port 2 output 
latch. Writing to an input pin does not affect 
the pin, 
but it does store the data in the latch. Reading 
Port 2 
puts the input pins onto the bus or the contents 
of 
the output 
latch for output 
pins. 


Reading Timer N puts the contents 
of the timer onto 
the data bus. If the counter 
changes 
while RD is low, 
the value 
on the data 
bus will 
not change. 
If two 
timers are cascaded, 
reading the high-order 
byte will 
cause the low-order 
byte to be latched. 
Reading the 
low-order 
byte will unlatch 
them both. Writing 
to ei- 
ther timer or decascading 
them also clears the latch 
condition. 
Writing to a timer sets the starting value of 
that timer. If two timers are cascaded, 
writing to the 
high-order 
byte 
presets 
the 
low-order 
byte 
to 
all 
ones. 
Loading 
only the high-order 
byte with a value 
of X leads to a count of X '256 + 255. Timers count 
down continuously. 
If the interrupt 
is enabled, 
it oc- 
curs when the counter 
changes 
from 1 to O. 


The timer/counter 
interrupts 
are automatically 
dis- 
abled when the interrupt 
request 
is generated. 


Reading 
the status 
register 
gates 
its contents 
onto 
the data bus. It holds the operational 
status 
of the 
serial interface 
as well as the status of the interrupt 
in INT. The status register 
can be read at any time. 
The flags are stable and well defined 
at all instants. 


Bit 0 can be used in two modes. 
Normally, 
FE indi- 
cates framing 
error which can be changed 
to trans- 
mission mode indication 
by setting the TME bit in the 
modification 
register. 


If transmission 
mode 
is disabled 
(in 
Modification 
Register), 
then FE indicates 
a framing 
error. A fram- 
ing error 
is detected 
during 
the first stop 
bit. The 
error is reset by reading 
the Status 
Register 
or by a 
chip reset. A framing 
error does not inhibit the load- 
ing of the Receiver 
Buffer. 
If RxD remains 
low, the 
receiver 
will assemble 
the next character. 
The false 
stop bit is treated 
as the next start bit, and no high- 
to-low 
transition 
on RxD is required 
to synchronize 
the receiver. 


When the TME bit in the Modification 
Register 
is set, 
FE is used to indicate that the transmitter 
was active 
during the reception 
of a character, 
thus 
indicating 
that 
the character 
received 
was transmitted 
by its 
own transmitter. 
FE is reset when the transmitter 
is 
not active during the reception 
of character. 
Reading 
the 
status 
register 
will not 
reset 
the 
FE bit in the 
transmission 
mode. 


If the user does 
not read the character 
in the Re- 
ceiver 
Buffer 
before 
the next character 
is received 
and transferred 
to this register, 
then 
the DE bit is 
set. The DE flag is set during 
the reception 
of the 
first stop bit and is cleared when the Status Register 
is read or when a hardware 
or software 
reset occurs. 


The first character 
received 
in this case will be lost. 


This bit indicates 
a parity error has occurred 
during 
the reception 
of a character. 
A parity error is present 


if value of the parity bit in the received 
character 
is 
different 
from the one expected 
according 
to com- 
mand word 
2 bits 6 EP. The parity 
bit is expected 
and checked 
only if it is enabled 
by command 
word 
2 bit 7 PEN. 


A parity 
error 
is set during 
the first stop 
bit and is 
reset 
by reading 
the 
Status 
Register 
or by a chip 
reset. 


The 
BD 
bit flags 
whether 
a break 
character 
has 
been received, 
or a Break-In 
condition 
exists on the 
transmission 
line. Command 
Register 
1 Bit 3 (BRKI) 
enables 
the Break-In 
Detect 
function. 


Whenever 
a break 
character 
has 
been 
received, 
Status 
Register 
Bit 3 will be set and in addition 
an 
interrupt 
request 
on Level 4 is generated. 
The 
re- 
ceiver 
will be idled. It will be started 
again with the 
next high-to-Iow 
transition 
at pin RxD. 


The break character 
received 
will not be loaded 
into 
the receiver 
buffer 
register. 


If Break-In 
Detection 
is enabled 
and a Break-In 
con- 
dition occurs, 
Status Register 
Bit 3 will be set and in 
addition 
an interrupt 
request 
on Level 5 is generat- 
ed. 


The BD status bit will be reset on reading the status 
register 
or on a hardware 
or software 
reset. 
For 
more 
information 
on 
Break/Break-In, 
refer 
to 
the 
"Serial 
Asynchronous 
Communication" 
section 
of 
AP-153 
under "Receive 
Break Detect" 
and "Break- 
In Detect." 


When TRE is set the transmit 
register 
is empty and 
an interrupt 
request 
is generated 
on Level 5 if en- 
abled. When TRE equals 0 the transmit 
register 
is in 
the process 
of sending 
data. TAE 
is set by a chip 
reset and when the'last 
stop bit has left the transmit- 
ter. It is reset when 
a character 
is loaded 
into the 
Transmitter 
Register. 
If CTS is low, the Transmitter 
Register 
will be loaded 
during 
the transmission 
of 
the start bit. If CTS is high at the end of a character, 
TRE will remain high and no character 
will be loaded 
into the Transmitter 
Register 
until CTS goes low. If 
the 
transmitter 
was 
inactive 
before 
a character 
is 
loaded 
into the Transmitter 
Buffer, 
the Transmitter 
Register 
will be empty temporarily 
while the buffer is 
full. 
However, 
the 
data 
in the 
buffer 
will be trans- 


ferred 
to the 
transmitter 
register 
immediately 
and 
TRE will be cleared 
while TBE is set. 


TBE indicates 
the Transmitter 
Buffer is empty and is 
ready to accept 
a character. 
TBE 
is set by a chip 
reset or the transfer 
of data to the Transmitter 
Reg- 
ister, and is cleared 
when 
a character 
is written 
to 
the transmitter 
buffer. When TBE is set, an interrupt 
request 
is generated 
on Level 5 if enabled. 


RBF is set when the Receiver 
Buffer has been load- 


ed with a new character 
during the sampling 
of the 
first stop bit. RBF is cleared 
by reading 
the receiver 
buffer or by a chip reset. 


The INT bit reflects 
the state of the INT Pin (Pin 15) 
and indicates 
an interrupt 
is pending. 
It is reset 
by 
INTA or by reading the Interrupt 
Address 
Register 
if 
only one interrupt 
is pending 
and by a chip reset. 


FE, OE, PE, RBF, and Break 
Detect 
all generate 
a 
Level 4 interrupt 
when the receiver 
samples 
the first 
stop bit. TRE, TBE, and Break-In 
Detect 
generate 
a 
Level 5 interrupt. 
TRE generates 
an interrupt 
when 
TBE 
is set 
and'the 
Transmitter 
Register 
finished 
transmitting. 
The Break-In 
Detect 
interrupt 
is issued 
at the same time as TBE or TRE .. 


DSC disables 
the 
receivers 
start 
bit check. 
In this 
state the receiver 
will not be reset if RxD is not low 
at the center 
of the start bit. 


TME enables 
transmission 
mode and disables 
fram- 
ing error detection, 
For information 
on transmission 
mode see the description 
of the framing 
error bit in 
the status register. 


RSO, RS1, RS2, RS3, RS4-RECEIVER 
SAMPLE 
TIME 


The 
number 
in RSn alters 
when 
the receiver 
sam- 


ples RxD. The receiver 
sample time can be modified 
only if the receiver 
is not clocked 
by RxC. 


• 


inter 


NOTE: 
The 
modification 
register 
cannot 
be read. 
Reading 
from 
address 
OFH, 8086: 
1EH gates 
the contents 
of the status register 
onto the data bus. 


A hardware 
reset (reset, Pin 12) resets all modifica- 
tion register 
bits to 0, Le.: 


• 
The start bit check 
is enabled. 


• 
Status Register 
Bit 0 (FE) indicates 
framing 
error. 


• 
The sampling 
time of the serial receiver 
is the bit 
center. 


A software 
reset (Command 
Word 3, RST) does not 
affect 
the modification 
register. 


A reset signal on pin RESET (HIGH level) forces the 
device 
8256 
into 
a well-defined 
initial 
state. 
This 
state is characterized 
as follows: 


1) Command 
registers 
1, 2 and 
3, mode 
register, 
Port 1 control 
register, 
and modification 
register 
are reset. 
Thus, 
all bits of the 
parallel 
interface 
are set to be intputs 
and event 
counters/timers 
are configured 
as independent 
8-bit timers. 


2) Status register bits are reset with the exception 
of 
bits 4 and 5. Bits 4 and 5 are set indicating 
that 
both 
transmitter 
register 
and 
transmitter 
buffer 
register 
are empty. 


3) The 
interrupt 
mask, 
interrupt 
request, 
and 
inter- 
rupt service 
register 
bits are reset and disable 
all 
requests. 
As a consequence, 
interrupt 
signal INT 
IS INACTIVE 
(LOW). 


4) The 
transmit 
data 
output 
is set to the 
marking 
state (HIGH) and the receiver 
section 
is disabled 
until it is enabled 
by Command 
Register 
3 Bit 6. 


5) The 
start 
bit will 
be checked 
at sampling 
time. 
The receiver 
will return to start bit search 
mode if 
input RxD is not LOW at this time. 


6) Status 
Register 
Bit 0 implies framing 
error. 


7) The receiver 
samples 
input RxD at bit center. 


Reset has no effect on the contents 
of receiver 
buff- 
er register, 
transmitter 
buffer register, 
the intermedi- 
ate latches of parallel ports, and event counters/tim- 
ers, respectively. 


Point of Time Between 


RS4 
RS3 RS2 RS1 
RSO Start of Bit and End of 
Bit Measured 
in Steps 
of %2 Bit Length 


0 
1 
1 
1 
1 
1 (Start of Bit) 
0 
1 
1 
1 
0 
2 
0 
1 
1 
0 
1 
3 
0 
1 
1 
0 
0 
4 
0 
1 
0 
1 
1 
5 
0 
1 
0 
1 
0 
6 
0 
1 
0 
0 
1 
7 
0 
1 
0 
0 
0 
8 
0 
0 
1 
1 
1 
9 
0 
0 
1 
1 
0 
10 
0 
0 
1 
0 
1 
11 
0 
0 
1 
0 
0 
12 
0 
0 
0 
1 
1 
13 
0 
0 
0 
1 
0 
14 
0 
0 
0 
0 
1 
15 
0 
0 
0 
0 
0 
16 (Bit center) 
1 
1 
1 
1 
1 
17 
1 
1 
1 
1 
0 
18 
1 
1 
1 
0 
1 
19 
1 
1 
1 
0 
0 
20 
1 
1 
0 
1 
1 
21 
1 
1 
0 
1 
0 
22 
1 
1 
0 
0 
1 
23 
1 
1 
0 
0 
0 
24 
1 
0 
1 
1 
1 
25 
1 
0 
1 
1 
0 
26 
1 
0 
1 
0 
1 
27 
1 
0 
1 
0 
0 
28 
1 
0 
0 
1 
1 
29 
1 
0 
0 
1 
0 
30 
1 
0 
0 
0 
1 
31 
1 
0 
0 
0 
0 
32 (End of Bit) 


NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings only. Operation 
beyond 
the 
"Operating 
Conditions" 
is not recommended 
and ex- 


tended exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


Ambient 
Temperature 
Under Bias 
O°C to 70°C 


Storage Temperature 
-65°C 
to + 150°C 


Voltage 
On Any Pin 
with Respect to Ground 
- 0.5V to + 7V 


Power Dissipation 
1W 


Symbol 
Parameter 
Min 
Max 
Units 
Test Conditions 


VIL 
Input Low Voltage 
-0.5 
0.8 
V 


VIH 
Input High Voltage 
2.0 
Vee + 0.5 
V 


VOL 
Output Low Voltage 
0.45 
V 
IOL = 2.5mA 


VOH 
Output High Voltage 
2.4 
V 
IOH = -400,..,A 


IlL 
Input Leakage 
10 
,..,A 
VIN = Vee 
-10 
,..,A 
VIN = OV 


ILO 
Output Leakage 
10 
,..,A 
VOUT = Vee 
-10 
,..,A 
VOUT = 0.45V 


Ice 
Vee Supply Current 
160 
mA 


CIN 
Input Capacitance 
10 
pF 
fe = 1 MHz(l) 


CliO 
I/O Capacitance 
20 
pF 
Unmeasured 
Pins Returned 
to 
VSS(l) 


NOTE: 
1. Sampled, not 100% tested. TA = 25°C. 


8256AH 
Symbol 
Parameter 
Units 
Min 
Max 


BUS PARAMETERS 


tLL 
ALE Pulse Width 
50 
ns 


teSL 
CS to ALE Setup Time 
0 
ns 


tAL 
Address to ALE Setup Time 
20 
ns 


tLA 
Address 
Hold Time after ALE 
25 
ns 


tLe 
ALE to RD/WR 
20 
ns 


tee 
RD, WR, INTA Pulse Width 
200 
ns 


tAD 
Data Valid from RD(l) 
120 
ns 


• 


inter 


8256AH 
Symbol 
Parameter 
Units 
Min 
Max 


BUS PARAMETERS 
(Continued) 


tOF 
Data Float after RD (2) 
50 
ns 


tow 
Data Valid to WR 
150 
ns 


two 
Data Valid after WR 
60 


" 
ns 


tCL 
RD/WR 
Control to Latch Enable 
25 
ns 


tLDR 
ALE to Data Valid 
150 
ns 


tRST 
Reset Pulse Width 
300 
ns 


tRY 
Recovery 
Time between 
RD/WR 
500 
ns 


TIMER/COUNTER 
PARAMETERS 


tCPI 
Counter 
Input Cycle Time (P12, P13) 
2.2 
,....s 


tCPWH 
Counter 
Input Pulse Width High 
1.1 
,....s 


tePWL 
Counter 
Input Pulse Width Low 
1.1 
,....s 


tTPI 
Counter 
Input t 
to INT t 
at Terminal 
Count 
2.75 
,....s 


tTIH 
LOAD Pulse High Time Counter 5 
1.1 
,....s 


tTIL 
LOAD Pulse Low Time Counter 5 
1.1 
,....s 


tpp 
Counter 5 Load before Next Clock Pulse on P13 
1.1 
,....s 


tCR 
External Count Clock t 
to RD..I.- to Ensure Clock is 
2.2 
,....s 


Reflected 
in Count 


tRC 
RD t 
to External Count Clock t 
to Ensure Clock 
0 
ns 
is not Reflected 
in Count 


tew 
External Count Clock t 
to WR t 
to Ensure Count 
2.2 
,....s 


Written 
is Not Decremented 


twc 
WR t 
to External Count Clock to Ensure Count 
0 
ns 
Written is Decremented 


INTERRUPT 
PARAMETERS 


tOEX 
EXTINTt 
to INTt 
200 
ns 


tOPI 
Interrupt 
Request on P17 t 
to INT t 
2tey+500 
ns 


tpi 
Pulse Width of Interrupt 
Request on P17 
tCY+ 100 
ns 


tHEA 
INTA t 
or RD t 
to EXTINT ..I.- 
30 
ns 


tHIA 
INTA t 
or RD t 
to INT ..I.- 
300 
,....s 


SERIAL 
INTERFACE 
AND CLOCK PARAMETERS 


tey 
Clock Period 
195 
1000 
ns 


teLKH 
Clock High Pulse Width 
65 
ns 


teLKL 
Clock Low Pulse Width 
65 
ns 


tR 
Clock Rise Time 
20 
ns 


tF 
Clock Fall Time 
20 
ns 


inter 


8256AH 
Symbol 
Parameter 
Units 
Min 
Max 


SERIAL 
INTERFACE 
AND CLOCK PARAMETERS 
(Continued) 


tSCY 
Serial Clock Period (4) 
975 
ns 


tspo 
Serial Clock High (4) 
350 
ns 


tspw 
Serial Clock Low (4) 
350 
ns 


tSTD 
Internal Status Update Delay from Center of 
300 
ns 
Stop Bit (5) 


tOTX 
TxC to TxD Data Valid 
300 
ns 


tlRBF 
INT Delay from Center of First Stop Bit 
2tCy+500 
ns 


tlTBE 
INT Delay from Falling Edge of Transmit 
Clock at 
2tCy+500 
ns 
End of Start Bit 


tCTS 
Pulse Width for Single Character 
Transmission 
(6) 


PARALLEL 
I/O PORT PARAMETERS 


twP 
WR j 
to P1/P2 
Data Valid 
0 
ns 


tpR 
P1/P2 
Data Stable before RD J.-(7) 
300 
ns 


tRP 
P1/P2 
Data Hold Time 
50 
ns 


tAK 
ACK Pulse Width 
150 
ns 


tST 
Strobe Pulse Width 
tSIB 
ns 


tps 
Data Setup to STB j 
50 
ns 


tpH 
Data Hold after STB j 
50 
ns 


tWOB 
WR j 
toOBFj 
250 
ns 


tAOB 
ACKJ.- to OBF J.- 
250 
ns 


tSIB 
STB J.- to IBF J.- 
250 
ns 


tRI 
RDj 
tolBFj 
250 
ns 


tSIT 
STB j 
to INTj 
2tCY 
ns 
+500 


tAIT 
ACKj 
tolNTj 
2tey 
ns 
+500 


tAEO 
OBF J.- to ACK J.- Delay 
0 
ns 


NOTES: 
1. CL = pF all outputs. 
2. Measured 
from 
logic "one" 
or "zero" 
to 1.5V at CL = 150 pF. 
3. P12, P13 are external 
clock 
inputs. 
4. Note that RxC may be used as an input only in 1x mode, 
otherwise 
it will be an output. 


5. The center 
of the Stop Bit will be the receiver 
sample 
time, as programmed 
by the modification 
register. 


6. Y,.th 
bit length 
for 32x. 64X; 
100 ns for 1 X. 
7. To ensure 
tRD spec is met. 


inter 


2.4=>e 
)C 


2.0 
2.0 
TEST POINTS 
0.45 
0.8 
0.8 


230759-5 


A.C. testing: 
Inputs are driven at 2.4V for a Logic "1" 
and 0.45V 
for a Logic 
"0". 
Timing 
measurements 
are made 
at 2.0V for a 
Logic "1" 
and 0.8V for a Logic "0". 
CL = 150 pF 
CL Includes 
Jig Capacitance 


CLK 


t 
R 
230759-7 


WRITE 
CYCLE 


DB0-7 


A 
0-3 


cs 


ALE 


Viii 


230759-8 


READ 
CYCLE 


DB0-7 


A0-3 


cs 


ALE 


AD 


(INT") 


230759-9 


3-164 


inter 


P 
10 
(STB) 


--_~~x 


DATA. >-- 
VALID 


:x_>- 


>t 


WP 
OUTPUT 
-----_ 
------ 
•••• ----._------- 
__ 


DATA 
VALID 
: 


------. 
- 
;oj 
--- 
••••• 
'_----- 
_ 


• 


P13 
(COUNTER 
INPUT) 


P15 
(COUNTER 
INPUT) 


080-7 


A0-3 


OUTPUT 


Pl0·17. 
P20·27 


________ 
X 
D_A_TA_V_A_L_IO __ X 
_ 


,------ 
It ~-.k 
_ r~.~=== 


inter 


INPUT 


P1G-17, 
P2G-27 _>t_'~~_;_l~]<_ 
____________X 
DATA 
VALID 
)~------- 


___________ 
x 
DATA 
)---- 


CfS FOR SINGLE 
CHARACTER 
TRANSMISSION 


I~_CTS_X_-=--=-X_---='t=__ tCTS_=f_~_X==_230759_-19 


RESET 
TIMING 


I 
~" 


• 


inter 


-il-;=13 


SPW 
$liD 
TxC 
,..- 
__ 


(114X AND 32 
/ 
"' 
BAUD RATE INPUT 
1 
---- 
"'---- 


SCy 


, r-1I2Iccyj:=1121~ 


~ICCY= 
lIBAUD RATE~-------- 


STATUS 
REGISTER 
BIT 5 (TBE) 


STATUS 
REGISTER 
BIT. 
(TRE) 


NOTES: 
1. Load transmitter 
buffer 
register. 
2. Transmitter 
buffer 
register 
is empty. 


3. Transmitter 
register 
is empty. 


4. Character 
format 
for this example: 
7 Data Bits With Parity Bit and e Stop Bits. 


5. Loading 
of transmitter 
bu~er 
register 
must be complete 
before r;rs goes low. 


6. Interrupt 
due to transmitter 
buffer 
register 
empty. 


7. Interrupt 
due to transmitter 
register 
empty. 
No status 
bits are altered 
when 
RD is active. 


inter 


CONTINUOUS 
RECEPTION 
OF CHARACTERS 
ON SERIAL 
INTERFACE 
WITHOUT 
ERROR 
CONDITION 


CHARACTER 
CHARACTER 
.CHARACTER 


RxD 
1) 


WR 
2) 


COMMAND 
REGISTER 
BIT 6 (RxE) 


STATUS 
REGISTER 
BIT 6 (RBF) 


INT 
(LEVEL 4) 


RD 
4) 


CHARACTER 
CHARACTER 


NOTES: 
1. Character 
format 
for this example: 
6 data bits with parity bit and one stop bit. 


2. Set or reset bit 6 of command 
register 
3 (enable 
receiver). 
3. Receiver 
buffer 
located. 


4. Read receiver 
buffer 
register. 


• 


STATUS 
REGISTER 
BIT 1 (OE) 


STATUS 
REGISTER 
BIT 0 fFE) 


NOTES: 
1. Character 
format 
for this example: 
6 data bits without 
parity and one stop bit. 


2. Receiver 
buffer 
register 
loaded. 
3. Overrun 
error. 


4. Framing 
error. 


5. Interrupt 
from 
receiver 
buffer 
register 
loading. 


6. Interrupt 
from overrun 
error. 
7. Interrupt 
from framing 
error and loading 
receiver 
buffer 
register. 
No status 
bits are altered 
when 
RD is active. 


8259A 
PROGRAMMABLE 
INTERRUPT CONTROLLER 
(8259A/8259A-2) 


• 
Single + 5V Supply (No Clocks) 


• 
Available 
in 28-Pin DIP and 28-Lead 
PLCC Package 
(See Packaging Spec., Order #231369) 


• 
8086, 8088 Compatible 


• 
MCS-80®, 
MCS-85® Compatible 


• 
Eight-Level 
Priority Controller 


• 
Expandable 
to 64 Levels 


• 
Programmable 
Interrupt 
Modes 


• 
Individual 
Request 
Mask Capability 


• 
Available 
in EXPRESS 
- 
Standard 
Temperature 
Range 
- 
Extended 
Temperature 
Range 


The Intel 8259A Programmable 
Interrupt 
Controller 
handles up to eight vectored 
priority interrupts 
for the CPU. 


It is cascadable 
for up to 64 vectored 
priority interrupts 
without 
additional 
circuitry. 
It is packaged 
in a 28-pin 
DIP, uses NMOS technology 
and requires 
a single + 5V supply. Circuitry 
is static, requiring 
no clock 
input. 


The 8259A 
is designed 
to minimize 
the software 
and real time overhead 
in handling 
multi-level 
priority 
inter- 


rupts. It has several 
modes, 
permitting 
optimization 
for a variety of system 
requirements. 


The 8259A 
is fully upward compatible 
with the Intel 8259. Software 
originally 
written 
for the 8259 will operate 
the 8259A 
in all 8259 equivalent 
modes 
(MCS-80/85, 
Non-Buffered, 
Edge Triggered). 


DATA 
BUS 
BUFFER 


R5 


WR 
REAol 
WRITE 
LOGIC 
Ao 


cs 


CASO 


CAS' 


CAS 2 


s;./EN 


IRS 
,R, 


11 
'''3 


IR2 


IR. 
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PLCC 


s I~ I; n~J~ ~ Ii 
• , 2 
1 
28 
27 
26 


DO 
0 
,.7 


OS 
I.' 


D' 
,.5 


03 
8259. 
I.' 


02 
,.3 


01 
,.2 


00 
I.' 


0_ 
0 
NI% 
~ 
0 
5 5 ~ 51~ ~ ~ 


231468-31 


Figure 2. Pin 
Configurations 


inter 


Symbol 
Pin No. 
Type 
Name and Function 


Vcc 
28 
I 
SUPPLY: + 5V Supply. 


GNO 
14 
I 
GROUND 


CS 
1 
I 
CHIP SELECT: A low on this pin enables 
RO and WR communication 
between 
the CPU and the 8259A. INTA functions 
are independent 
of 
CS. 


WR 
2 
I 
WRITE: A low on this pin when CS is low enables the 8259A to accept 
command 
words from the CPU. 


RO 
3 
I 
READ: A low on this pin when CS is low enables the 8259A to release 
status onto the data bus for the CPU. 


07-00 
4-11 
I/O 
BIDIRECTIONAL 
DATA BUS: Control, 
status and interrupt-vector 
information 
is transferred 
via this bus. 


CASo-CAS2 
12,13,15 
I/O 
CASCADE 
LINES: The CAS lines form a private 8259A bus to control 
a multiple 8259A structure. 
These pins are outputs for a master 8259A 
and inputs for a slave 8259A. 


SP/EN 
16 
I/O 
SLAVE PROGRAM/ENABLE 
BUFFER: This is a dual function 
pin. 
When in the Buffered 
Mode it can be used as an output to control 
buffer transceivers 
(EN). When not in the buffered 
mode it is used as 
an input to designate 
a master (SP = 1) or slave (SP = 0). 


INT 
17 
0 
INTERRUPT: 
This pin goes high whenever 
a valid interrupt 
request is 
asserted. 
It is used to interrupt the CPU, thus it is connected 
to the 


, 
CPU's interrupt 
pin. 


IRo-IR7 
18-25 
I 
INTERRUPT 
REQUESTS: 
Asynchronous 
inputs. An interrupt 
request 
is executed 
by raising an IR input (low to high), and holding it high until 
it is acknowledged 
(Edge Triggered 
Mode), or just by a high level on an 
IR input (Level Triggered 
Mode). 


INTA 
26 
I 
INTERRUPT 
ACKNOWLEDGE: 
This pin is used to enable 8259A 
interrupt-vector 
data onto the data bus by a sequence 
of interrupt 
acknowledge 
pulses issued by the CPU. 


Ao 
27 
I 
AO ADDRESS 
LINE: This pin acts in conjunction 
with the CS, WR, and 
RO pins. It is used by the 8259A to decipher 
various Command 
Words 
the CPU writes and status the CPU wishes to read. It is typically 
connected 
to the CPU AO address 
line (A 1 for 8086, 8088). 


inter 


Interrupts 
in Microcomputer 
Systems 


Microcomputer 
system 
design 
requires 
that 
1.0 de- 
vices such as keyboards, 
displays, 
sensors 
and oth- 
er components 
receive 
servicing 
in a an efficient 
manner 
so that 
large amounts 
of the total 
system 
tasks 
can be assumed 
by the 
microcomputer 
with 
little or no effect 
on throughp\Jt. 


The most common 
method 
of servicing 
such devic- 
es is the Polled approach. 
This is where the proces- 
sor must test each device 
in sequence 
and in effect 


"ask" 
each one if it needs servicing. 
It is easy to see 
that a large portion 
of the main program 
is looping 
through 
this continuous 
polling cycle and that such a 
method 
would 
have a serious 
detrimental 
effect 
on 
system throughput, 
thus limiting the tasks that could 
be assumed 
by the microcomputer 
and reducing 
the 
cost effectiveness 
of using such devices. 


A more desirable 
method 
would 
be one that would 
allow 
the 
microprocessor 
to be executing 
its main 
program 
and only stop to service 
peripheral 
devices 
when it is told to do so by the device itself. In effect, 
the method would provide an external 
asynchronous 
input that would 
inform the processor 
that it should 
complete 
whatever 
instruction 
that is currently 
being 
executed 
and fetch 
a new routine 
that will service 
the requesting 
device. 
Once 
this servicing 
is com- 
plete, however, 
the processor 
would resume exactly 
where 
it left off. 


This method 
is called Interrupt. 
It is easy to see that 
system 
throughput 
would 
drastically 
increase, 
and 
thus 
more 
tasks 
could 
be assumed 
by the 
micro- 


computer 
to further 
enhance 
its cost effectiveness. 


The 
Programmable 
Interrupt 
Controller 
(PIC) func- 
tions 
as an overall 
manager 
in an Interrupt-Driven 
system 
environment. 
It accepts 
requests 
from 
the 
peripheral 
equipment, 
determines 
which 
of the 
in- 
coming 
requests 
is of the highest importance 
(priori- 
ty), ascertains 
whether 
the incoming 
request 
has a 
higher 
priority 
value 
than 
the 
level 
currently 
being 
serviced, 
and issues 
an interrupt 
to the CPU based 
on this determination. 


Each 
peripheral 
device 
or structure 
usually 
has a 
special 
program 
or "routine" 
that is associated 
with 
its specific 
functional 
or operational 
requirements; 


this is referred 
to as a "service 
routine". 
The PIC, 
after issuing an Interrupt 
to the CPU, must somehow 
input information 
into the CPU that can "point" 
the 
Program 
Counter 
to the service 
routine 
associated 
with the requesting 
device. 
This "pointer" 
is an ad- 
dress in a vectoring 
table and will often be referred 
to, in this document, 
as vectoring 
data. 


• 


inter 


The 8259A 
is a device 
specifically 
designed 
for use 
in real time, interrupt 
driven microcomputer 
systems. 
It manages 
eight levels or requests 
and has built-in 
features 
for expandability 
to other 8259A's 
(up to 64 
levels). 
It is programmed 
by the system's 
software 
as an I/O peripheral. 
A selection 
of priority modes is 
available 
to the programmer 
so that the manner 
in 
which the requests 
are processed 
by the 8259A can 
be configured 
to 
match 
his system 
requirements. 


The priority 
modes can be changed 
or reconfigured 
dynamically 
at any time 
during 
the 
main 
program. 
This means that the complete 
interrupt 
structure 
can 
be defined 
as required, 
based 
on the total 
system 
environment. 


INTERRUPT 
REQUEST 
REGISTER 
(IRR) AND 
IN-SERVICE 
REGISTER 
(ISR) 


The interrupts 
at the IR input lines are handled 
by 
two registers 
in cascade, 
the Interrupt 
Request 
Reg- 
ister (IRR) and the In-Service 
(ISR). The IRR is used 
to store all the interrupt 
levels which are requesting 
service; 
and the ISR is used to store all the interrupt 
levels which 
are being serviced. 


This logic block 
determines 
the priorites 
of the bits 
set in the IRA. The highest 
priority 
is selected 
and 
strobed 
into the corresponding 
bit of the ISR during 
INTA pulse. 


The 
IMR stores 
the 
bits which 
mask 
the 
interrupt 
lines to be masked. 
The IMR operates 
on the IRR. 
Masking 
of a higher 
priority 
input will not affect 
the 
interrupt 
request 
lines of lower quality. 


INT (INTERRUPT) 


This output 
goes directly 
to the CPU interrupt 
input. 


The 
VOH 
level 
on this 
line is designed 
to be fully 
compatible 
with the 8080A, 
8085A 
and 8086 
input 
levels. 


INTA (INTERRUPT 
ACKNOWLEDGE) 


INTA pulses will cause the 8259A to release vector- 
ing information 
onto the.data 
bus. The format 
of this 
data 
depends 
on the 
system 
mode 
(,...PM) of the 
8259A. 


This 3-state, bidirectional 
8-bit buffer is used to inter- 


face 
the 
8259A 
to the 
system 
Data 
Bus. 
Control 


words 
and 
status 
information 
are 
transferred 
through 
the Data Bus Buffer. 


READ/WRITE 
CONTROL 
LOGIC 


The function 
of this block is to accept 
OUTput 
com- 


mands 
from 
the 
CPU. 
It contains 
the 
Initialization 
Command 
Word 
(ICW) 
registers 
and 
Operation 
Command 
Word 
(OCW) 
registers 
which 
store 
the 
various 
control 
formats 
for 
device 
operation. 
This 
function 
block also allows the status of the 8259A to 
be transferred 
onto the Data Bus. 


CS (CHIP SELECT) 


A LOW on this input enables 
the 8259A. 
No reading 
or writing 
of the chip will occur 
unless the device 
is 
selected. 


WR (WRITE) 


A LOW on this input enables 
the CPU to write con- 


trol words (ICWs and OCWs) to the 8259A. 


RD (READ) 


A LOW on this input enables 
the 8259A to send the 


status 
of the 
Interrupt 
Request 
Register 
(IRR), 
In 
Service 
Register 
(ISR), the Interrupt 
Mask Register 
(IMR), or the Interrupt 
level onto the Data Bus. 


Ao 


This input signal is used in conjunction 
with WR and 
RD signals to write commands 
into the various com- 
mand registers, 
as well as reading the various status 
registers 
of the chip. This line can be tied directly 
to 
one of the address 
lines. 


inter 


DATA 
BUS 
BUFFER 


Ri5 


IRO 
IRI 


WR 
IR2 


IN 
$EAVICE 
PAlOl'lTV 
Ao 
REG 
ESOLVE 
IR4 


II SA I 
-IRS 
_IR6 • 


CS 
IR7 


~INTERNAlBUS 


inter 


IN 
SERVICE 
REG 
(ISRI 


~INTERNAl8US 


IRD 
IRI 
IR2 
_-IR3 


• 
IR4 


-IRS 
-IRi 


IR7 


inter 


This function 
block stores 
and compares 
the IDs of 
all 
8259A's 
used 
in the 
system. 
The 
associated 
three I/O pins (CASO-2) are outputs when the 8259A 
is used as a master and are inputs when the 8259A 
is used as a slave. As a master, 
the 8259A 
sends 


the 
ID of 
the 
interrupting 
slave 
device 
onto 
the 


CASO-2 
lines. The slave thus selected 
will send its 


preprogrammed 
subroutine 
address 
onto 
the 
Data 


Bus during 
the 
next one or two 
consecutive 
INTA 


pulses. 
(See section 
"Cascading 
the 8259A".) 


The powerful 
features 
of the 8259A 
in a microcom- 


puter 
system 
are its programmability 
and the inter- 


rupt routine 
addressing 
capability. 
The latter allows 
direct or indirect jumping to the specific 
interrupt 
rou- 
tine requested 
without 
any polling of the interrupting 


devices. 
The normal 
sequence 
of events 
during an 


interrupt 
depends 
on the type of CPU being used. 


The events 
occur 
as follows 
in an MCS-80/85 
sys- 


tem: 


1. One or more of the INTERRUPT 
REQUEST 
lines 


(IR7-0) 
are raised 
high, setting 
the correspond- 


ing IRR bit(s). 


2. The 8259A 
evaluates 
these 
requests. 
and sends 


an INT to the CPU, if appropriate. 


3. The 
CPU acknowledges 
the 
INT and responds 


with an INTA pulse. 


4. Upon receiving 
an INTA from the CPU group, the 


highest priority ISR bit is set, and the correspond- 
ing IRR bit is reset. The 8259A will also release 
a 


CALL instruction 
code (11001101) 
onto the 8-bit 


Data Bus through 
its D7 -0 
pins. 


5. This CALL instruction 
will initiate two more INTA 


pulses 
to be sent 
to the 
8259A 
from 
the CPU 
group. 


6. These 
two 
INT A pulses 
allow 
the 8259A 
to re- 
lease 
its 
preprogrammed 
subroutine 
address 
onto the Data Bus. The lower 8-bit address 
is re- 


leased at the first INT A pulse and the higher 8-bit 
address 
is released 
at the second 
INTA pulse. 


7. This 
completes 
the 
3-byte 
CALL 
instruction 
re- 


leased by the 8259A. 
In the AEOI mode the ISR 


bit is reset 
at the 
end of the 
third 
INTA 
pulse. 


Otherwise, 
the ISR bit remains set until an appro- 


priate EOI command 
is issued 
at the end of the 


interrupt 
sequence. 


The 
events 
occuring 
in an 
8086 
system 
are 
the 


same until step 4. 


4. 
Upon receiving 
an INTA from the CPU group. the 


highest priority ISR bit is set and the correspond- 
ing IRR bit is reset. The 8259A does not drive the 
Data Bus during this cycle. 


5. The 8086 will initiate 
a second 
INTA pulse. Dur- 


ing this pulse, the 8259A releases 
an 8-bit pointer 


onto the Data Bus where 
it is read by the CPU. 


6. This completes 
the interrupt 
cycle. 
In the AEOI 


mode the ISR bit is reset at the end of the sec- 
ond INTA pulse. Otherwise, 
the ISR bit remains 
3 


set until an appropriate 
EOI command 
is issued 


at the end of the interrupt 
subroutine. 


If no interrupt 
request 
is present 
at step 4 of either 


sequence 
(I.e., the request was too short in duration) 


the 8259A 
will issue an interrupt 
level 
7. Both the 


vectoring 
bytes and the CAS lines will look 
like an 


interrupt 
level 7 was requested. 


When the 8259A 
PIC receives 
an interrupt, 
INT be- 


comes active and an interrupt 
acknowledge 
cycle is 


started. 
If a higher priority 
interrupt 
occurs 
between 


the two INTA pulses, 
the INT line goes inactive 
im- 


mediately 
after the second 
INTA pulse. After an un- 


specified 
amount 
of time 
the 
INT line is activated 


again 
to signify 
the higher 
priority 
interrupt 
waiting 


for service. 
This 
inactive 
time 
is not specified 
and 


can 
vary 
between 
parts. 
The 
designer 
should 
be 


aware 
of this consideration 
when 
designing 
a sys- 


tem which 
uses the 8259A. 
It is recommended 
that 


proper 
asynchronous 
design 
techniques 
be 
fol- 


lowed. 


OATA 
BUS 
BUFFER 


IRO 
RO 
IRI 
Wii 
REAOI 
IR2 
WRITE 
IN 
LOGIC 
SERVICE 
PRIORITY 


AO 
REG 
ESOLVE 
IR4 
ilSRI 
-IR5 
_IR6 


CS 
IR7 


I 
INTERRl..WT 
REQUESTS 


Figure 5. 8259A Interface to 
Standard System Bus 


This sequence 
is timed by three INTA pulses. During 
the 
first 
INTA 
pulse 
the 
CALL 
opcode 
is enabled 
onto the data bus. 


Content of First Interrupt Vector Byte 
07 
06 05 
04 
03 
02 
01 
DO 


CALL CODE 
I 1 
0 
0 
1 
0 
1 I 


During the second 
INTA pulse the lower address 
of 
the appropriate 
service 
routine 
is enabled 
onto the 
data 
bus. When 
Interval 
= 4 bits As-A] 
are pro- 


grammed, 
while Ao-A4 
are automatically 
inserted 
by 
the 8259A. 
When 
Interval 
= 8 only A6 and A] 
are 
programmed, 
while Ao-As 
are automatically 
insert- 


ed. 


inter 


IR 
Interval 
= 4 


07 
06 
05 
04 
03 
02 
01 
00 


7 
A7 
A6 
A5 
1 
1 
1 
0 
0 


6 
A7 
A6 
A5 
1 
1 
0 
0 
0 


5 
A7 
A6 
A5 
1 
0 
1 
0 
0 


4 
A7 
A6 
A5 
1 
0 
0 
0 
0 


3 
A7 
A6 
A5 
0 
1 
1 
0 
0 


2 
A7 
A6 
A5 
0 
1 
0 
0 
0 


1 
A7 
A6 
A5 
0 
0 
1 
0 
0 


0 
A7 
A6 
A5 
0 
0 
0 
0 
0 


IR 
Interval 
= 8 


07 
06 
05 
04 
03 
02 
01 
00 


7 
A7 
A6 
1 
1 
1 
0 
0 
0 


6 
A7 
A6 
1 
1 
0 
0 
0 
0 


5 
A7 
A6 
1 
0 
1 
0 
0 
0 


4 
A7 
A6 
1 
0 
0 
0 
0 
0 


3 
A7 
A6 
0 
1 
1 
0 
0 
0 


2 
A7 
A6 
0 
1 
0 
0 
0 
0 


1 
A7 
A6 
0 
0 
1 
0 
0 
0 


0 
A7 
A6 
0 
0 
0 
0 
0 
0 


During the third INTA pulse the higher address of the 
appropriate 
service 
routine, 
which was programmed 
as byte 2 of the initialization 
sequence 
(Aa-A15)' 
is 
enabled 
onto the bus. 


Content 
of Third Interrupt 
Vector 
Byte 
07 
06 
05 
04 
03 
02 
01 


A15 
A14 
A13 
A10 
A9 


8086 
mode 
is similar 
to MCS-80 
mode 
except 
that 
only two Interrupt 
Acknowledge 
cycles are issued by 
the processor 
and no CALL 
opcode 
is sent to the 
processor. 
The first interrupt 
acknowledge 
cycle 
is 
similar 
to that 
of MCS-80, 
85 systems 
in that 
the 
8259A 
uses 
it to internally 
freeze 
the state 
of the 
interrupts 
for priority 
resolution 
and as a master 
it 
issues the interrupt 
code on the cascade 
lines at the 
end of the INTA pulse. On this first cycle it does not 
issue any data to the processor 
and leaves 
its data 
bus buffers 
disabled. 
On the 
second 
interrupt 
ac- 
knowledge 
cycle in 8086 mode the master 
(or slave 
if so programmed) 
will send 
a byte of data to the 
processor 
with 
the 
acknowledged 
interrupt 
code 


composed 
as follows 
(note 
the 
state 
of the 
ADI 
mode control 
is ignored 
and A5-A11 
are unused 
in 
8086 mode): 


Content 
of Interrupt 
Vector 
Byte 
for 8086 System 
Mode 


07 
06 
05 
04 
03 
02 
01 
00 


IR7 
T7 
T6 
T5 
T4 
T3 
1 
1 
1 


IR6 
T7 
T6 
T5 
T4 
T3 
1 
1 
0 


IR5 
T7 
T6 
T5 
T4 
T3 
1 
0 
1 


IR4 
T7 
T6 
T5 
T4 
T3 
1 
0 
0 


IR3 
T7 
T6 
T5 
T4 
T3 
0 
1 
1 


IR2 
T7 
T6 
T5 
T4 
T3 
0 
1 
0 


IR1 
T7 
T6 
T5 
T4 
T3 
0 
0 
1 


IRO 
T7 
T6 
T5 
T4 
T3 
0 
0 
0 


The 8259A 
accepts 
two types 
of command 
words 
generated 
by the CPU: 


1. Initialization 
Command 
Words 
(ICWs): 
Before 
normal 
operation 
can begin, 
each 
8259A 
in the 
system 
must be brought 
to a startin.9...£.0int-by 
a 
sequence 
of 2 to 4 bytes timed by WR pulses. 


2. Operation 
Command 
Words (oCWs): 
These 
are 
the command 
words which command 
the 8259A 
to 
operate 
in various 
interrupt 
modes. 
These 
modes 
are: 


a. Fully nested 
mode 


b. Rotating 
priority 
mode 


c. Special 
mask mode 


d. Polled mode 


The OCWs 
can be written 
into the 8259A 
anytime 
after initialization. 


INITIALIZATION 
COMMAND 
WORDS 
(ICWS) 


Whenever 
a command 
is issued with AO = 0 and 04 
= 1, this 
is interpreted 
as Initialization 
Command 
Word 
1 (ICW1). 
ICW1 
starts 
the 
intiitalization 
se- 
quence 
during which the following 
automatically 
oc- 


cur. 


a. The edge sense circuit is reset, which means that 
following 
initialization, 
an interrupt 
request 
(IR) in- 
put must make a low-to-high 
transistion 
to gener- 
ate an interrupt. 


• 


inter 


b. The Interrupt 
Mask Register 
is cleared. 


c. 
IR7 input is assigned 
priority 7. 


d. The slave mode address 
is set to 7. 


e. Special 
Mask Mode is cleared and Status Read is 
set to IRA. 


f. 
If IC4 = 0, then all functions 
selected 
in ICW4 
are set to zero. (Non-Buffered 
mode', 
no Auto- 
EOI, MCS-80, 
85 system). 


'NOTE: 
Master/Slave 
in ICW4 is only used in the buffered 
mode. 


Initialization 
Command 
Words 1 and 2 
(ICW1,ICW2) 


As-A1S: 
Page starting 
address 
of service 
routines. 
In an MCS 80/85 
system, 
the 8 request 
levels 
will 
generate 
CALLs 
to 8 locations 
equally 
spaced 
in 
memory. These can be programmed 
to be spaced at 
intervals 
of 4 or 8 memory 
locations, 
thus the 8 rou- 
tines will occupy 
a page of 32 or 64 bytes, respec- 
tively. 


The address 
format 
is 2 bytes long (Ao-A1s). 
When 
the routine 
interval 
is 4, Ao-A4 
are automatically 
in- 
serted by the 8259A, while As-A1s 
are programmed 
externally. 
When the routine interval 
is 8, Ao-As 
are 
automatically 
inserted 
by the 8259A, 
while 
A6-A1S 
are programmed 
externally. 


The 
8-byte 
interval 
will 
maintain 
compatibility 
with 
current 
software, 
while the 4-byte interval 
is best for 
a compact 
jump table. 


In an 8086 system 
A1S-A11 
are inserted 
in the five 
most 
significant 
bits of the vectoring 
byte and the 
8259A 
sets the three least significant 
bits according 
to the interrupt 
level. A1O-AS are ignored 
and ADI 
(Address 
interval) 
has no effect. 


LTIM: 
If LTIM = 1, then the 8259A will operate 
in 
the level interrupt 
mode. 
Edge detect 
logic 
on the interrupt 
inputs will be disabled. 


ADI: 
CALL address 
interval. 
ADI = 1 then inter- 
val = 4; ADI = 0 then interval 
= 8. 


SNGL: 
Single. 
Means that this is the only 8259A 
in 
the system. 
If SNGL 
= 1 no ICW3 will be 
issued. 


IC4: 
If this 
bit is set-ICW4 
has to be read. 
If 
ICW4 is not needed, 
set IC4 = O. 


This word is read only when there is more than one 
8259A in the system and cascading 
is used, in which 


case SNGL 
= O. It will load the 8-bit slave register. 


The functions 
of this register 
are: 


a. 
In the master 
mode 
(either 
when 
SP = 1, or in 
buffered 
mode when M/S 
= 1 in ICW4) a "1" is 
set for each slave in the system. The master then 
will release byte 1 of the call sequence 
(for MCS- 


80/85 
system) 
and will enable the corresponding 
slave to release bytes 2 and 3 (for 8086 only byte 
2) through 
the cascade 
lines. 


b. In the slave mode (either when SP = 0, or if BUF 
= 1 and M/S 
= 0 in ICW4) bits 2-0 
identify the 
slave. The slave compares 
its cascade 
input with 
these bits and, if they are equal, bytes 2 and 3 of 
the call sequence 
(or just 
byte 2 for 8086) 
are 
released 
by it on the Data Bus. 


Initialization 
Command Word 4 (ICW4) 
SFNM: If SFNM = 1 the special fully nested mode 
is programmed. 


BUF: 
.If BUF = 
1 the buffered mode is pro- 
grammed. In buffered mode SP/EN 
be- 
comes an enable output and the masterI 
slave determination is by MIS. 


MIS: 
If buffered mode is selected: MIS 
= 
1 
means the 8259A is programmed to be a 


master, MIS = ° means the 8259A is pro- 
grammed to be a slave. If BUF = 0, MIS 
has no function. 


AEOI: 
If AEOI = 1 the automatic end of interrupt 
mode is programmed. 


jJ.PM: 
Microprocessor mode: jJ.PM = ° sets the 
8259A for MCS-80, 85 system operation, 
jJ.PM= 1 sets the 8259A for 8086 system 
operation. 


ICW1 
"0 
0, 
D. 
~ 
D. 


1 
ICW4 NEEDED 
O' 
NO ICW4 NEEDED 


1 ; 
SINGLE 
• 


o ; 
CASCADE 
MODE 


CALL 
A['DRESS 
INTERVAL 


l' 
INTERVAL 
OF 4 
O' 
INTERVAL 
OF' 


1 ; 
LEVEL 
TRIGGERED 
MODE 
o ; 
EDGE 
TRIGGERED 
MODE 


A1' A5 01 INTERRUPT 
VECTOR 
ADDRESS 
(MCS·80/85 
MODE 
ONL Y) 


231468-10 


ICW2 


Ao 


A 15'''8 
OF INTERRUPT 
VECTOR 
ADDRESS 
(MCS80/85 
MODE) 


T 7' T3 OF INTERRUPT 
VECTOR 
ADDRESS 
(8086/8088 
MODE) 


inter 


I' 
IR INPUT HAS A SLAVE 
o ~ IR INPUT DOE S NOT HAVE 
A SLAVE 


o 
1 
• 
!> 
6 
o 
1 
0 
1 
0 
I 
0 
1 
o 
0 
1 
1 
0 
0 
1 
o 
0 
0 
0 
1 


Etm 


X-NON 8UFfERED 
MOOE 
I 
0 
- 
8UFfEREOMODE/SLAVE 
I 
I 
- 
8UFFERED 
MODE/MASTER 


NOTE: 
Slave 
ID is equal to the corresponding 
m~ster 
IR input. 


1 = SPECIAL FULL Y NESTED 
MODE 
o = NOT SPECIAL FULL Y 
NESTED MODE 


OPERATION COMMAND WORDS 
(OCWS) 
Operation Control Words (OCWs) 


OCW1 
AO 
07 
06 
05 
04 
03 
02 
01 
DO 
CD 
IM7 
M6 
M5 
M4 
M3 
M2 
M1 
Mol 


OCW2 
0 
IR 
SL 
EOI 
o 
0 
L2 
L1 
LO I 


OCW3 
0 
10 
ESMM 
SMM 
0 
1 
P 
RR 
RIS I 


After 
the Initialization 
Command 
Words 
(ICWs) are 
programmed 
into the 8259A, the chip is ready to ac- 
cept 
interrupt 
requests 
at its input 
lines. 
However, 
during 
the 
8259A 
operation, 
a selection 
of 
algo- 
rithms 
can command 
the 8259A 
to operate 
in vari- 
ous modes through 
the Operation 
Command 
Words 
(OCWs). 


INTERRUPT 
MASK 
1 = 
MASK 
SET 
0= 
MASK 
RESET 


I 
0 
R 
I 
Sl I EOI I 
n I 
0 
ILl I 
l, 
ILo I 


IR LEVEL TO lIE 
AcnOUPON 


0 
1 
2 
3 
4 
~ 
6 
1 


0 
1 
0 
1 
0 
1 
0 
1 


0 
0 
1 
1 
0 
0 
1 
1 


0 
0 
0 
0 
1 
1 
1 
1 


0 
0 
1 
NON·SPECIFlC 
EOICOMMAND 
} 
END Of INTERRUPT 
0 
1 
1 
SPECIFIC 
EO' COMMAND 


1 
0 
1 
ROTATE ON NON·SPEClfIC 
EOI COMMAND 
} 


1 
0 
0 
ROTATE IN AUTOMATIC EOI MODE (SET) 
AUTOMATIC ROTATION 


0 
0 
0 
ROTATE IN AUTOMATIC EOI MODE (CLEAR) 


1 
1 
1 
'ROTATE ON SPECifiC 
EOI COMMAND 
} 
SPECifiC 
ROTATION 
1 
1 
0 
'SET 
PRIORITY COMMAND 


0 
1 
0 
NO OPERATION 


'LD-U ARE USED 


• 


OCW1 sets and clears the mask bits in the interrupt 
Mask Register (IMR). M7-MO represent the eight 
mask bits. M = 1 indicates the channel is masked 
(inhibited). M = 0 indicates the channel is enabled. 


R. SL. EOI- These three bits control the Rotate and 
End of Interrupt modes and combinations of the two. 
A chart of these combinations can be found on the 
Operation Command Word Format. 


L2. L1. Lo- These bits determine the interrupt level 
acted upon when the SL bit is active. 


I 0 
I 
0 
lUMMI 
SMM I 
0 I 
1 
I 
P 
I 
RR I 
RtS I 


READ MOISTER 
COM•••••ND 


0 
, 
0 
1 


0 
0 
1 
1 


READ 
READ 


NO ACTION 
IR REG 
IS REG 
ON NEXT 
ON NEXT 


iW PULSE 
RD PULSE 


T·I'OLL 
COMMAND 
O· NO POLL COM•••••ND 


SPECIAL 
MASK 
MODE 


0 
1 
0 
1 


0 
0 
1 
1 


"ESET 
SET 
NO ACTION 
SPECIAL 
SPECIAL 
MASK 
MASk 


inter 


Operation 
Control 
Word 3 (OCW3) 


ESMM-Enable 
Special 
Mask Mode. When 
this bit 
is set to 1 it enables 
the SMM bit to set or reset the 
Special 
Mask Mode. When ESMM = 0 the SMM bit 
becomes 
a "don't 
care". 


SMM-Special 
Mask Mode. If ESMM = 1 and SMM 
= 
1 the 
8259A 
will 
enter 
Special 
Mask 
Mode. 
If 
ESMM 
= 1 and SMM = 0 the 8259A 
will revert to 
normal mask mode. When ESMM = 0, SMM has no 
effect. 


This mode is entered 
after initialization 
unless anoth- 
er mode is programmed. 
The interrupt 
requests 
are 
ordered 
in priority 
from 
0 through 
7 (0 highest). 
When 
an interrupt 
is acknowledged 
the highest 
pri- 
ority request 
is determined 
and its vector 
placed 
on 
the 
bus. Additionally, 
a bit of the 
Interrupt 
Service 
register 
(ISO-7) is set. This bit remains 
set until the 
microprocessor 
issues 
an 
End 
of 
Interrupt 
(EO I) 
command 
immediately 
before 
returning 
from 
the 
service 
routine, 
or if AEOI (Automatic 
End of Inter- 
rupt) bit is set, until the trailing edge of the last INTA. 
While 
the 
IS bit is set, all further 
interrupts 
of the 
same or lower priority are inhibited, 
while higher lev- 
els will generate 
an interrupt 
(which will be acknowl- 
edged 
only 
if the 
microprocessor 
internal 
Interupt 
enable 
flip-flop 
has been 
re-enabled 
through 
soft- 
ware). 


After the initialization 
sequence, 
IRO has the highest 
prioirity 
and 
IR7 
the 
lowest. 
Priorities 
can 
be 
changed, 
as will be explained, 
in the rotating 
priority 
mode. 


The In Service 
(IS) bit can be reset either automati- 
cally 
following 
the 
trailing 
edge 
of the 
last 
in se- 
quence 
INT A pulse (when AEOI bit in ICW1 is set) or 
by a command 
word 
that 
must 
be issued 
to the 
8259A 
before 
returning 
from a service 
routine 
(EOI 
command). 
An EOI command 
must be issued twice 
if in the Cascade 
mode, 
once 
for the 
master 
and 
once for the corresponding 
slave. 


There are two forms of EOI command: 
Specific 
and 
Non-Specific. 
When the 8259A is operated 
in modes 
which 
perserve 
the fully nested 
structure, 
it can de- 
termine 
which 
IS bit to reset on EOI. When 
a Non- 
Specific 
EOI command 
is issued the 8259A will auto- 
matically 
reset 
the highest 
IS bit of those 
that 
are 
set, since 
in the fully 
nested 
mode 
the 
highest 
IS 
level 
was 
necessarily 
the 
last level 
acknowledged 
and serviced. 
A non-specific 
EOI can be issued with 
OCW2 
(EOI = 1, SL = 0, R = 0). 


When 
a mode 
is used which 
may disturb 
the fully 
nested 
structure, 
the 8259A 
may no longer 
be able 
to determine 
the 
last 
level 
acknowledged. 
In this 
case 
a Specific 
End 
of 
Interrupt 
must 
be 
issued 
which 
includes 
as part of the command 
the IS level 
to be reset. A specific 
EOI can be issued with OCW2 
(EOI = 1, SL = 1, R = 0, and LO-L2 
is the binary 
level of the IS bit to be reset). 


It should be noted that an IS bit that is masked 
by an 
IMR bit will not be cleared 
by a non-specific 
EOI if 
the 8259A 
is in the Special 
Mask Mode. 


Automatic 
End of Interrupt 
(AEOI) 
Mode 


If AEOI = 1 in ICW4, then the 8259A will operate 
in 
AEOI 
mode 
continuously 
until 
reprogrammed 
by 
ICW4. in this mode the 8259A will automatically 
per- 
form 
a non-specific 
EOI 
operation 
at the 
trailing 
edge of the last interrupt 
acknowledge 
pulse 
(third 3 


pulse 
in MCS-80/85, 
second 
in 8086). 
Note 
that 
from a system standpoint, 
this mode should be used 
only when 
a nested 
multilevel 
interrupt 
structure 
is 
not required 
within a single 8259A. 


The AEOI mode can only be used in a master 8259A 
and 
not a slave. 
8259As 
with 
a copyright 
date 
of 
1985 or later will operate 
in the AEOI 
mode 
as a 
master or a slave. 


Automatic 
Rotation 
(Equal Priority 
Devices) 


In some applications 
there are a number of interrupt- 
ing devices 
of equal priority. 
In this mode a device, 
after being serviced, 
receives 
the lowest 
priority, 
so 
a device 
requesting 
an interrupt 
will have to wait, in 
the 
worst 
case 
until 
each 
of 7 other 
devices 
are 
serviced 
at most once. For example, 
if the priority 
and "in service" 
status is: 


Before 
Rotate 
(IR4 the 
highest 
prioirity 
requiring 
service) 


157 
1St 
155 
184 
153 
152 
151 
ISO 
10111011101010101 


L_l 
Prlortty 
" •••••• Prlortt, 
d6 
I 
~ 
4 
I 
3 
1 
2 
I (ro 
1 


157 1M 155 154 153 152 151 ISO 
10111010101010101 
"'s" Status 
231468-20 


HI•••• t Prtorlty 
CiIilo I 


Priority Status 


lo_.t 
Prtortty 
7f!11l.!31 


231468-21 


There 
are two ways to accomplish 
Automatic 
Rota- 
tion using OCW2, the Rotation 
on Non-Specific 
EOI 
Command 
(R = 1, SL = 0, EOI = 
1) and the Ro- 
tate in Automatic 
EOI Mode which is set by (R = 1, 
SL = 0, EOI = 0) and cleared 
by (R = 0, SL = 0, 
EOI = 0). 


Specific Rotation 
(Specific Priority) 


The programmer 
can change 
priorities 
by program- 
ming the bottom 
priority and thus fixing all other pri- 
orities; Le., if IR5 is programmed 
as the bottom 
prior- 
ity device, 
then IR6 will have the highest 
one. 


The Set Priority command 
is issued in OCW2 where: 
R = 
1, SL = 
1, LO- L2 is the binary 
priority 
level 
code of the bottom 
priority device. 


Observe 
that in this mode internal 
status is updated 
by software 
control 
during OCW2. 
However, 
it is in- 
dependent 
of the End of Interrupt 
(EOI) command 
(also executed 
by OCW2). 
Priority changes 
can be 
executed 
during an EOI command 
by using the Ro- 
tate on Specific 
EOI command 
in OCW2 (R = 1, SL 
= 
1, EOI = 
1 and 
LO-L2 
= 
IR level to receive 
bottom 
priority). 


Each Interrupt 
Request 
input can bem masked 
indi- 
vidually 
by the 
Interrupt 
Mask 
Register 
(IMR) 
pro- 
grammed 
through 
OCW1. E;ach bit in the IMR masks 
one interrupt 
channel 
if it is set (1). Bit 0 masks IRO, 
Bit 1 masks IR1 and so forth. Masking an IR channel 
does not affect 
the other channels 
operation. 


Some 
applications 
may require 
an interrupt 
service 
routine to dynamically 
alter the system 
priority struc- 


example, 
the routine may wish to inhibit lower priori- 


ty requests 
for a portion 
of its execution 
but enable 
some of them for another 
portion. 


The difficulty 
here is that if an Interrupt 
Request 
is 
acknowledged 
and an End of Interrupt 
command 
did 
not reset 
its IS bit (i.e., while 
executing 
a service 
routine), 
the 8259A 
would 
have 
inhibited 
all lower 
priority 
requests 
with no easy way for the routine 
to 
enable them. 


.That is where 
the Special 
Mask Mode comes 
in. In 
the special 
Mask 
Mode, 
when 
a mask 
bit is set in 
OCW1, 
it inhibits 
further 
interrupts 
at that 
level and 
enables 
interrupts 
from all other levels (lower as well 
as higher) that are not masked. 


Thus, any interrupts 
may be selectively 
enabled 
by 
loading the mask register. 


The 
special 
Mask 
Mode 
is set 
by OWC3 
where: 
SSMM = 1, SMM = 1, and cleared where SSMM = 
1, SMM = O. 


In Poll mode the INT output 
functions 
as it normally 
does. The microprocessor 
should ignore this output. 


This can be accomplished 
either by not connecting 
the 
INT output 
or by masking 
interrupts 
within 
the 
microprocessor, 
thereby 
disabling 
its interrupt 
input. 


Service 
to devices 
is achieved 
by software 
using a 
Poll command. 


The Poll command 
is issued 
by setting 
P = '1" 
in 
OCW3. 
The 8259A 
treats 
the next RD pulse to the 
8259A 
(Le., RD = 0, CS = 0) as an interrupt 
ac- 
knowledge, 
sets the appropriate 
IS bit if there 
is a 
request, 
and reads the priority 
level. Interrupt 
is fro- 
zen from WR to RD. 


The word enabled 
onto the data bus during RD is: 


07 
06 
05 
04 
03 
02 
01 
00 


I 
W2 
W1 
WO 


WO-W2: 
Binary 
code 
of the highest 
priority 
level 
requesting 
service. 


I: Equal to "1" 
if there is an interrupt. 


This 
mode 
is useful 
if there 
is a routine 
command 
common 
to 
several 
levels 
so 
that 
the 
INT A 
se- 


quence 
is not needed 
(saves ROM space). 
Another 
application 
is to use the poll 
mode 
to expand 
the 
number 
of priority 
levels to more than 64. 


The input status of several 
internal 
registers 
can be 
read to update the user information 
on the system. 


LTlM 
III 
0: 
EDGE 
I,. LEVEL 


'00' 
$lNSf. 
L.ATCH 


- 
M"'KID 
.'0 


NOTES: 
1. Master 
clear active 
only during 
ICW1. 


2. FREEZE 
is active 
during 
INTA and poll sequences 
only. 


3. Truth Table 
for a O-Latch. 


C 
0 
Q 
Operation 


1 
Oi 
m 
Follow 
o 
X 
On-1 
Hold 


The following 
registers 
can be read via OCW3 
(IRR 


and ISR or OCW1 
[IMR)). 


Interrupt 
Request 
Register 
(IRR): 8-bit register which 


contains 
the levels requesting 
an interrupt 
to be ac- 


knowledged. 
The highest 
request 
level is reset from 


the IRR when an interrupt 
is acknowledged. 
(Not af- 
fected 
by IMR.) 


In-Service 
Register 
(ISR): 8-bit register 
which 
con- 


tains the priority 
levels that are being serviced. 
The 
ISR is updated 
when an End of Interrupt 
Command 


is issued. 


Interrupt 
Mask 
Register: 
8-bit 
register 
which 
con- 
tains the interrupt 
request 
lines which are masked. 


The IRR can be read when, prior to the RD pulse, a 
Read Register 
Command 
is issued with OCW3 
(RR 


= 1, RIS = 0.) 


The ISR can be read, when, prior to the RD pulse, a 
Read Register 
Command 
is issued with OCW3 
(RR 


= 1, RIS = 1). 


There 
is no need 
to write 
an OCW3 
before 
every 


status 
read 
operation, 
as long 
as the 
status 
read 


corresponds 
with the previous 
one; i.e., the 8259A 
"remembers" 
whether 
the IRR or ISR has been pre- 


viously selected 
by the OCW3. This is not true when 


poll is used. 


For reading 
the IMR, no OCW3 
is needed. 
The out- 


put data bus will contain 
the IMR whenever 
RD is 


active and AO = 1 (OCW1). 


Polling overrides 
status 
read when P = 1, RR = 1 
in OCW3. 


If LTIM = '0', an interrupt 
request will be recognized 


by a low to high transition 
on an IR input. 
The 
IR 


input can remain high without 
generating 
another 
in- 


terrupt. 


inter 


If LTIM = '1', an interrupt 
request will be recognized 
by a 'high' level on IR Input, and there is no need for 
an edge 
detection. 
The 
interrupt 
request 
must 
be 
removed 
before 
the EOI command 
is issued 
or the 
CPU interrupts 
is enabled 
to prevent 
a second 
inter- 
rupt from occurring. 


The priority 
cell diagram 
shows 
a conceptual 
circuit 
of the level sensitive 
and edge sensitive 
input circuit- 
ry of the 8259A. 
Be sure to note that 
the request 
latch is a transparent 
0 type latch. 


In both the edge and level triggered 
modes 
the IR 
inputs must remain high until after the falling edge of 
the first 
INTA. 
If the 
IR input goes 
low before 
this 
time a DEFAULT 
IR7 will occur 
when the CPU ac- 
knowledges 
the interrupt. 
This can be a useful safe- 
guard 
for 
detecting 
interrupts 
caused 
by spurious 
noise 
glitches 
on the 
IR inputs. 
To implement 
this 
feature the IR7 routine is used for "clean 
up" simply 
executing 
a return instruction, 
thus ignoring the inter- 
rupt. If IR7 is needed 
for other 
purposes 
a default 
IR7 can still be detected 
by reading the ISA. A nor- 
mallR7 
interrupt 
will set the corresponding 
ISR bit, a 
default 
IR7 won't. 
If a default 
IR7 routine occurs dur- 
ing a normal 
IR7 routine, 
however, 
the ISR will re- 
main set. In this case it is necessary 
to keep track of 
whether 
or not the 
IR7 routine 
was previously 
en- 
tered. 
If another 
IR7 occurs 
it is a default. 


This mode will be used in the case of a big system 
where 
cascading 
is used, and the priority 
has to be 
conserved 
within 
each 
slave. 
In this case 
the fully 
nested 
mode will be programmed 
to the master (us- 


ing ICW4). This mode is similar to the normal nested 
mode with the following 
exceptions: 


a. When an interrupt 
request from a certain 
slave is 
in service 
this slave 
is not locked 
out from 
the 
master's 
priority 
logic 
and 
further 
interrupt 
re- 
quests 
from 
higher 
priority 
IR's within 
the slave 
will be recognized 
by the master 
and will initiate 
interrupts 
to the processor. 
(In the normal 
nested 
mode a slave is masked out when its request 
is in 
service 
and 
no higher 
requests 
from 
the 
same 
slave can be serviced.) 


b. When 
exiting 
the 
Interrupt 
Service 
routine 
the 
software 
has to check whether 
the interrupt 
serv- 
iced 
was the only 
one 
from 
that 
slave. 
This 
is 
done 
by sending 
a non-specific 
End of Interrupt 
(EO I) command 
to the slave and then reading 
its 
In-Service 
register 
and checking 
for zero. If it is 
empty, 
a non-specific 
EOI 
can 
be sent 
to the 
master too. If not, no EOI should 
be sent. 


When 
the 8259A 
is used 
in a large 
system 
where 
bus driving buffers 
are required 
on the data bus and 
the cascading 
mode 
is used, there 
exists 
the prob- 
lem of enabling 
buffers. 


The buffered 
mode will structure 
the 8259A 
to send 
an enable 
signal on SP/EN 
to enable 
the buffers. 
In 
this mode, whenever 
the 8259A's 
data bus outputs 
are enabled, 
the SP/EN 
output 
becomes 
active. 


This 
modification 
forces 
the 
use of software 
pro- 


"gramming to determine 
whether 
the 8259A is a mas- 
ter or a slave. 
Bit 3 in ICW4 programs 
the buffered 
mode, and bit 2 in ICW4 determines 
whether 
it is a 
master 
or a slave. 


inter 


The cascade bus lines are normally low and will con- 
tain the slave address code from the trailing edge of 
the first INTA pulse to the trailing edge of the third 
pulse. Each 8259A in the system must follow a sep- 
arate 
initialization 
sequence 
and 
can 
be 
pro- 


grammed to work in a different mode. An EOI com- 
mand must be issued twice: once for the master and 
once for the corresponding slave. An address de- 
coder is required to activate the Chip Select (CS) 
input of each 8259A. 


The 8259A can be easily interconnected in a system 
of one master with up to eight slaves to handle up to 
64 priority levels. 


The master controls the slaves through the 3 line 
cascade bus. The cascade bus acts like chip selects 
to the slaves during the INTA sequence. 


In a cascade configuration, the slave interrupt out- 
puts are connected to the master interrupt request 
inputs. When a slave request line is activated and 
afterwards acknowledged, the master will enable the 
corresponding slave to release the device routine 
address during bytes 2 and 3 of INTA. (Byte 2 only 
for 8086/8088). 


The cascade lines of the Master 8259A are activat- 
ed only for slave inputs, non-slave inputs leave the 
cascade line inactive (low). 
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NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 


"WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause permanent 
damage. 


These are stress ratings 
only. Operation 
beyond 
the 
"Operating 
Conditions" 
is not recommended 
and ex- 


tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


Ambient 
Temperature 
Under Bias 
O°C to 70°C 


Storage Temperature 
- 65°C to + 150°C 


Voltage 
on Any Pin 
with Respect to Ground 
- 0.5V to + 7V 


Power Dissipation 
1W 


Symbol 
Parameter 
Min 
Max 
Units 
Test Conditions 


VIL 
Input Low Voltage 
-0.5 
0.8 
V 


VIH 
Input High Voltage 
2.0" 
Vee + 0.5V 
V 


VOL 
Output Low Voltage 
0.45 
V 
IOL = 2.2 mA 


VOH 
Output High Voltage 
2.4 
V 
IOH = -400 
J.LA 


VOH(INT) 
Interrupt 
Output High 
3.5 
V 
IOH = -100 
J.LA 


Voltage 
2.4 
V 
IOH = -400 
J.LA 


III 
Input Load Current 
-10 
+10 
J.LA 
OV S;; VIN S;; Vee 


ILOL 
Output Leakage Current 
-10 
+10 
J.LA 
0.45V 
S;; VOUT s;;Vee 


Ice 
Vee Supply Current 
85 
mA 


ILiR 
IR Input Load Current 
-300 
J.LA 
VIN = 0 


10 
J.LA 
VIN = Vee 


"NOTE: 
For Extended Temperature EXPRESSVIH = 2.3V. 


Symbol 
Parameter 
Min 
Typ 
Max 
Unit 
Test Conditions 


CIN 
Input Capacitance 
10 
pF 
fc = 1 MHz 


ClIO 
I/O Capacitance 
20 
pF 
Unmeasured 
Pins Returned 
to VSS 


inter 


Symbol 
Parameter 
8259A 
8259A-2 
Units 
Test Conditions 
Min 
Max 
Min 
Max 


TAHRL 
AO/CS 
Setup to RD/INTA.J.. 
0 
0 
ns 


TRHAX 
AO/CS 
Hold after RD/INT A i 
0 
0 
ns 


TRLRH 
RD Pulse Width 
235 
160 
ns 


TAHWL 
AO/CS 
Setup to WR .J.. 
0 
0 
ns 


TWHAX 
AO/CS 
Hold after WR i 
0 
0 
ns 
, 


TWLWH 
WR Pulse Width 
290 
190 
ns 


TDVWH 
Data Setup to WR i 
240 
160 
ns 


TWHDX 
Data Hold after WR i 
0 
0 
ns 


TJLJH 
Interrupt 
Request Width (Low) 
100 
100 
ns 
See Note 1 


TCVIAL 
Cascade 
Setup to Second or Third 
55 
40 
INTA.J.. (Slave Only) 
ns 


TRHRL 
End of RD to Next RD 
End of INTA to Next INTA within 
160 
100 
ns 
an INTA Sequence 
Only 
. 


TWHWL 
End of WR to Next WR 
190 
100 
ns 


*TCHCL 
End of Command 
to Next Command 
500 
150 
(Not Same Command 
Type) 
ns 


End of INT A Sequence 
to Next 
500 
300 
INTA Sequence. 


'Worst case timing for TCHCL in an actual microprocessor system is typically much greater than 500 ns (i.e. 8085A = 
1.6 /Ls, 8085A-2 = 1 /Ls, 8086 = 1 /Ls, 8086-2 = 625 ns) 


NOTE: 
This is the low time required to clear the input latch in the edge triggered mode. 


Symbol 
Parameter 
8259A 
8259A-2 
Units 
Test Conditions 
Min 
Max 
Min 
Max 


TRLDV 
Data Valid from RD/lNTA.J.. 
200 
120 
C of Data Bus = 
ns 
100 pF 


TRHDZ 
Data Float after RD/INTA i 
10 
100 
10 
85 
ns 
C of Data Bus 


TJHIH 
Interrupt 
Output Delay 
350 
300 
ns 
Max Test C = 100 pF 


Cascade Valid from First INTA.J.. 


Min Test C = 15 pF 
TIALCV 
565 
360 
(Master Only) 
ns 
CINT = 100 pF 


TRLEL 
Enable Active from RD.J.. or INTA.J.. 
125 
100 
ns 


TRHEH 
Enable Inactive from RD i or INTA i 
CCASCADE = 100 pF 
150 
150 
ns 


TAHDV 
Data Valid from Stable Address 
200 
200 
ns 


TCVDV 
Cascade 
Valid to Valid Data 
300 
200 
ns 


2.•=X 
x= 


2.0 
2.0 


0.8> TEST POINTS< 0.8 


0.45 
------------ 


DEVICE 
UNDER 
TEST 


231468-25 


A.C. Testing: Inputs are driven at 2.4V for a logic "1" and 0.45V 
for a logic "0". Timing measurements are made at 2.0V for a logic 
"1" and 0.8V for a logic "0". 
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NOTES: 
Interrupt 
output 
must remain 
HIGH at least until leading 
edge of first INT A. 


1. Cycle 
1 in 6066, 6066 systems, 
the Data Bus is not active. 


The following 
changes 
have been made since revision 
2 of the 8259A data sheet. 


1. The first paragraph 
of the Poll Command 
section 
was rewritten 
to clarify the status of the INT pin. 


2. A paragraph 
was added 
to the Interrupt 
Sequence 
section 
to indicate 
the status 
of the 
INT pin during 
multiple 
interrupts. 


3. A reference 
to PLCC packaging 
was added. 


4. All references 
to the 8259A-8 
have been deleted. 


• 
Pin Compatible 
with NMOS 8259A-2 


• 
Eight-Level 
Priority Controller 


• 
Expandable 
to 64 levels 


• 
Programmable 
Interrupt 
Modes 


• 
Low Standby 
Power-10 
p.A 


• 
Individual 
Request 
Mask Cap~bility 


• 
80C86/88 
and 8080/85/86/88 


Compatible 


• 
Fully Static Design 


• 
Single 5V Power Supply 


• 
Available 
in 28-Pln Plastic DIP 


(See Packaging 
Spec., 
Order 
# 231369) 


The Intel 82C59A-2 
is a high performance 
CHMOS version 
of the NMOS 8259A-2 
Priority Interrupt 
Controller. 


The 82C59A-2 
is designed 
to relieve the system 
CPU from the task of polling in a multi-level 
priority interrupt 
system. 
The high speed and industry 
standard 
configuration 
of the 82C59A-2, 
make it compatible 
with micro- 
processors 
such as the 80C86/88, 
8086/88 
and 8080/85. 


The 82C59A-2 
can handle 
up to 8 vectored 
priority 
interrupts 
for the CPU and is cascadable 
to 64 without 
additional 
circuitry. 
It is designed 
to minimize 
the software 
and 
real time 
overhead 
in handling 
multi-level 
priority 
interrupts. 
Two modes 
of operation 
make the 82C59A-2 
optimal 
for a variety of system 
requirements. 


Static CHMOS 
circuit design, 
requiring 
no clock input, insures low operating 
power. 
It is packaged 
in a 28-pin 
plastic 
DIP. 


DATA 
BUS 
BUfFER 
Cs 


WR 


RO 


D, 
'R7 


'R. 


'RS 
,R< 


IRJ 


231201-2 
Figure 2. Pin Configuration 
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Symbol 
Pin No. 
Type 
Name and Function 


Vcc 
28 
I 
SUPPLY: + 5V Supply. 


GND 
14 
I 
GROUND. 


CS 
1 
I 
CHIP SELECT: A low on this pin enables 
RD and WR 
communication 
between 
the CPU and the 82C59A-2. 
INTA 
functions 
are independent 
of CS. 


WR 
2 
I 
WRITE: A low on this pin when CS is low enables the 
82C59A-2 
to accept command 
words from the CPU. 


RD 
3 
I 
READ: A low on this pin when CS is low enables the 
82C59A-2 
to release status onto the data bus for the CPU. 


DrDo 
4-11 
I/O 
BIDIRECTIONAL 
DATA BUS: Control, 
status and interrupt- 
vector information 
is transferred 
via this bus. 


CASo-CAS2 
12,13,15 
I/O 
CASCADE 
liNES: 
The CAS lines form a private 82C59A-2 
bus to control 
a multiple 82C59A-2 
structure. 
These pins are 
outputs for a master 82C59A-2 
and inputs for a slave 
82C59A-2. 


SP/EN 
16 
I/O 
SLAVE PROGRAM/ENABLE 
BUFFER: This is a dual 
function 
pin. When in the Buffered 
Mode it can be used as an 
output to control 
buffer transceivers 
(EN). When not in the 
buffered 
mode it is used as an input to designate 
a master (SP 
= 1) or slave (SP = 0). 


INT 
17 
0 
INTERRUPT: 
This pin goes high whenever 
a valid interrupt 
request is asserted. 
It is used to interrupt the CPU, thus it is 
connected 
to the CPU's interrupt 
pin. 


IRo-IR7 
18-25 
I 
INTERRUPT 
REQUESTS: 
Asynchronous 
inputs. An interrupt 
request is executed 
by raising an IR input (low to high), and 
holding it high until it is acknowledged 
(Edge Triggered 
Mode), 


or just by a high level on an IR input (Level Triggered 
Mode). 


Internal pull-up resistors 
are implemented 
on IRO-7. 


INTA 
26 
I 
INTERRUPT 
ACKNOWLEDGE: 
This pin is used to enable 
82C59A-2 
interrupt-vector 
data onto the data bus by a 
sequence 
of interrupt 
acknowledge 
pulses issued by the CPU. 


Ao 
27 
I 
AO ADDRESS 
LINE: This pin acts in conjunction 
with the CS, 
WR, and RD pins. It is used by the 82C59A-2 
to decipher 
various Command 
Words the CPU writes and status the CPU 
wishes to read. It is typically 
connected 
to the CPU AO 
address 
line (A 1 for 80C86, 80C88). 
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Microcomputer system design requires that I/O de- 
vices such as keyboards, displays, sensors and oth- 
er components receive servicing in an efficient man- 
ner so that large amounts of the total system tasks 
can be assumed by the microcomputer with little or 
no effect on throughput. 


The most common method of servicing such devic- 
es is the Polled approach. This is where the proces- 
sor must test each device in sequence and in effect 
"ask" each one if it needs servicing. It is easy to see 
that a large portion of the main program is looping 
through this continuous polling cycle and that such a 
method would have a serious, detrimental effect on 
system throughput, thus limiting the tasks that could 
be assumed by the microcomputer and reducing the 
cost effectiveness of using such devices. 


A more desirable method would be one that would 
allow the microprocessor to be executing its main 
program and only stop to service peripheral devices 
when it is told to do so by the device itself. In effect, 
the method would provide an external asynchronous 
input that would inform the processor that it should 
complete whatever instruction that is currently being 
executed and fetch a new routine that will service 
the requesting device. Once this servicing is com- 
plete, however, the processor would resume exactly 
where it left off. 


This method is called Interrupt. 
It is easy to see that 
system throughput would drastically increase, and 
thus more tasks could be assumed by the micro- 
computer to further enhance its cost effectiveness. 


The Programmable Interrupt Controller (PIC) func- 
tions as an overall manager in an Interrupt-Driven 
system environment. It accepts requests from the 
peripheral equipment, determines which of the in- 
coming requests is of the highest importance (priori- 
ty), ascertains whether the incoming request has a 
higher priority value than the level currently being 
serviced, and issues an interrupt to the CPU based 
on this determination. 


Each peripheral device or structure usually has a 
special program or "routine" that is associated with 
its specific functional or operational requirements; 
this is referred to as a "service routine". The PIC, 
after issuing an Interrupt to the CPU, must somehow 
input information into the CPU that can "point" the 
Program Counter to the service routine associated 
with the requesting device. This "pointer" is an ad- 
dress in a vectoring table and will often be referred 
to, in this document, as vectoring data. 


The 82C59A-2 is a device specifically designed for 
use in real time, interrupt driven microcomputer sys- 
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tems. 
It manages 
eight 
levels 
or requests 
and has 
built-in 
features 
for 
expandability 
to 
other 
82C59A-2's 
(up to 64 levels). 
It is programmed 
by 
the system's 
software 
as an I/O peripheral. 
A selec- 
tion of priority modes is available 
to the programmer 
so that the manner 
in which 
the requests 
are proc- 
essed by the 82C59A-2 
can be configured 
to match 
system 
requirements. 
The 
priority 
modes 
can 
be 
changed 
or 
reconfigured 
dynamically 
at any 
time 
during the main program. 
This means that the com- 
plete interrupt 
structure 
can be defined 
as required, 
based on the total system 
environment. 


INTERRUPT 
REQUEST 
REGISTER 
(IRR) 
AND 
IN-SERVICE 
REGISTER 
(ISR) 


The interrupts 
at the 
IR input 
lines are handled 
by 
two registers 
in cascade, 
the Interrupt 
Request 
Reg- 
ister 
(IRR) 
and the 
In-Service 
Register 
(ISR). The 
IRR is used to store all the interrupt 
levels which are 
requesting 
service; 
and the ISR is used to store all 
the interrupt 
levels which are being serviced. 


This logic block determines 
the priorities 
of the bits 
set in the IRA. The highest 
priority 
is selected 
and 
strobed 
into the corresponding 
bit of the ISR during 
INTA pulse. 


The 
IMR stores 
the 
bits which 
mask 
the 
interrupt 
lines to be masked. 
The IMR operates 
on the IRA. 


Masking 
of a higher priority 
input will not affect 
the 
interrupt 
request 
lines of lower priority. 


This output 
goes directly 
to the CPU interrupt 
input. 


The 
VOH level 
on this 
line is designed 
to be fully 
compatible 
with 
the 
8080A, 
8085A, 
80C88 
and 
80C86 
input levels. 


INTA (INTERRUPT 
ACKNOWLEDGE) 


INT A pulses will cause the 82C59A-2 
to release vec- 
toring 
information 
onto the data bus. The format 
of 
this data depends 
on the system mode (fLPM) of the 
82C59A-2. 


This 3-state, bidirectional 
8-bit buffer is used to inter- 
face the 82C59A-2 
to the system 
Data Bus. Control 
words 
and 
status 
information 
are 
transferred 
through 
the Data Bus Buffer. 


The function 
of this block is to accept 
OUTput 
com- 
mands 
from 
the 
CPU. 
It contains 
the 
Initialization 
Command 
Word 
(ICW) 
registers 
and 
Operation 
Command 
Word 
(OCW) 
registers 
which 
store 
the 
various 
control 
formats 
for 
device 
operation. 
This 
function 
block 
also 
allows 
the 
status 
of 
the 
82C59A-i 
to be transferred 
onto the Data Bus. 


CS (CHIP 
SELECT) 


A LOW 
on 
this 
input 
enables 
the 
82C59A-2. 
No 
reading 
or writing 
of the chip will occur 
unless 
the 
device 
is selected. 


A LOW on this input enables 
the CPU to write con- 
trol words 
(ICWs and OCWs) to the 82C59A-2. 


RD (READ) 


A LOW on this input enables 
the 82C59A-2 
to send 
the status of the Interrupt 
Request 
Register 
(IRR), In 
Service 
Register 
(ISR), the Interrupt 
Mask Register 
(IMR), or the Interrupt 
level onto the Data Bus. 


Ao 


This input signal is used in conjunction 
with WR and 
RD signals to write commands 
into the various com- 
mand registers, 
as well as reading the various status 
registers 
of the chip. This line can be tied directly 
to 
one of the address 
lines. 


This function 
block stores 
and compares 
the IDs of 
all 82C59A-2's 
used in the system. 
The associated 
three 
I/O 
pins 
(CASO-2) 
are 
outputs 
when 
the 
82C59A-2 
is used as a master and are inputs when 
the 82C59A-2 
is used as a slave. As a master, 
the 
82C59A-2 
sends the 10 of the interrupting 
slave de- 
vice onto the CASO-2 
lines. The slave thus selected 
will 
send 
its 
preprogrammed 
subroutine 
address 
onto the Data Bus during the next one or two con- 
secutive 
INTA pulses. 
(See section 
"Cascading 
the 
82C59A-2" 
.) 


The powerful 
features 
of the 82C59A-2 
in a micro- 
computer 
system 
are its programmability 
and the in- 
terrupt 
routine 
addressing 
capability. 
The 
latter 
al- 
lows direct 
or indirect 
jumping 
to the specific 
inter- 
rupt routine 
requested 
without 
any polling 
of the in- 
terrupting 
devices. 
The normal 
sequence 
of events 


during an interrupt 
depends 
on the type of CPU be- 


,ing used. 


The events 
occur 
as follows 
in an MCS-80/85 
sys- 


tem: 


1. One or more of the INTERRUPT 
REQUEST 
Lines 
(IR7 -0) 
are raised high, setting the corresponding 
IRR bit(s). 


CASCADE [ 


LINES 


2. The 82C59A-2 evaluates these requests, and 
sends an INT to the CPU, if appropriate. 
3. The CPU acknowledges the INT and responds 
with an INTA pulse. 
4. Upon receiving an INTA from the CPU group, the 
highest priority ISA bit is set, and the correspond- 
ing IAA bit is reset. The 82C59A-2 will also re- 
lease a CALL instruction code (11001101) onto 
the 8-bit Data Bus through its D7-0 pins. 
5. This CALL instruction will initiate two more INTA 
pulses to be sent to the 82C59A-2 from the CPU 
group. 
6. These two INTA pulses allow the 82C59A-2 to 
release its preprogrammed subroutine address 
onto the Data Bus. The lower 8-bit address is re- 
leased at the first INTA pulse and the higher 8-bit 
address is released at the second INTA pulse. 
7. This completes the 3-byte CALL instruction re- 
leased by the 82C59A-2. In the AEOI mode the 
ISA bit is reset at the end of the third INTA pulse. 
Otherwise, the ISA bit remains set until an appro- 
priate EOI command is issued at the end of the 
interrupt sequence. 


The events occurring in an 80C86 system are the 
same until step 4. 
4. Upon receiving an INTA from the CPU group, the 
highest priority ISA bit is set and the correspond- 
ing IAA bit is reset. The 82C59A-2 does not drive 
the Data Bus during this cycle. 
5. The 80C86 will initiate a second INTA pulse. Dur- 
ing this pulse, the 82C59A-2 releases an 8-bit 
pointer onto the Data Bus where it is read by the 
CPU. 
6. This completes the interrupt cycle. In the AEOI 
mode the ISA bit is reset at the end of the second 
INTA pulse. Otherwise, the ISA bit remains set 
until an appropriate EOI command is issued at the 
end of the interrupt subroutine. 


If no interrupt is present at step 4 of either sequence 
(Le., the request was too short in duration) the 
82C59A-2 will issue an interrupt level 7. Both ,the 
vectoring bytes and the CAS lines will look like an 
interrupt level 7 was requested. 


When the 82C59A-2 PIC receives an interrupt, INT 
becomes active and an interrupt acknowledge cycle 
is started. If a higher priority interrupt occurs be- 
tween the two INTA pulses, the INT line goes inac- 
tive immediately after the second INTA pulse. After 
an unspecified amount of time the INT line is activat- 
ed again to signify the higher priority interrupt waiting 
for service. This inactive time is not specified and 
can vary between parts. The designer should be 
aware of this consideration when designing a sys- 
tem which uses the 82C59A-2. It is recommended 
that proper asynchronous design techniques be fol- 
lowed. 


This sequence is timed by three INTA pulses. During 
the first INTA pulse the CALL opcode is enabled 
onto the data bLis. 


Content of First Interrupt 
Vector Byte 
06 05 04 


1 
0 
0 


07 


CALL CODE I 1 


03 02 01 00 


1 
0 
1 I 


During the second INTA pulse the lower address of 
the appropriate service routine is enabled onto the 
data bus. When Interval = 4 bits A5-A7 are pro- 
grammed, while Ao-A4 are automatically inserted by 
the 82C59A-2. When Interval = 8 only A6 and A7 
are programmed, while Ao-A5 are automatically in- 
serted. 


Content of Second Interrupt 
Vector Byte 


IR 
Interval = 4 


D7 
D6 
05 
D4 
D3 
D2 
D1 
DO 


7 
A7 
A6 
A5 
1 
1 
1 
0 
0 


6 
A7 
A6 
A5 
1 
1 
0 
0 
0 


5 
A7 
A6 
A5 
1 
0 
1 
0 
0 


4 
A7 
A6 
A5 
1 
0 
0 
0 
0 


3 
A7 
A6 
A5 
0 
1 
1 
0 
0 


2 
A7 
A6 
A5 
0 
1 
0 
0 
0 


1 
A7 
A6 
A5 
0 
0 
1 
0 
0 


0 
A7 
A6 
A5 
0 
0 
0 
0 
0 


IR 
Interval = 8 


D7 
D6 
D5 
D4 
D3 
D2 
D1 
DO 


7 
A7 
A6 
1 
1 
1 
0 
0 
0 


6 
A7 
A6 
1 
1 
0 
0 
0 
0 


5 
A7 
A6 
1 
0 
1 
0 
0 
0 


4· 
A7 
A6 
1 
0 
0 
0 
0 
0 


3 
A7 
A6 
0 
1 
1 
0 
0 
0 


2 
A7 
A6 
0 
1 
0 
0 
0 
0 


1 
A7 
A6 
0 
0 
1 
0 
0 
0 


0 
A7 
A6 
0 
0 
0 
0 
0 
0 


Duringthe third INTA pulse the higher address of the 
appropriate service routine, which was programmed 
as byte 2 of the initialization sequence (As - A15),is 
enabled onto the bus. 


inter 


Content 
of Third Interrupt 
Vector 
Byte 
D6 
D4 
D3 
D2 


A11 


80C86, 
80C88 mode is similar to MCS-80 
mode ex- 
cept that only two Interrupt 
Acknowledge 
cycles are 
issued 
by the 
processor 
and 
no CALL 
opcode 
is 
sent 
to the 
processor. 
The first 
interrupt 
acknowl- 
edge cycle is similar to that of MCS-80, 
85 systems 
in that the 82C59A-2 
uses it to internally 
freeze 
the 
state of the interrupts 
for priority resolution 
and as a 
master 
it issues 
the interrupt 
code 
on the cascade 
lines at the end of the INTA pulse. On this first cycle 
it does 
not 
issue 
any 
data 
to the 
processor 
and 


leaves its data bus buffers 
disabled. 
On the second 
interrupt 
acknowledge 
cycle in 80C86, 80C88 mode 
the master 
(or slave if so programmed) 
will send a 
byte of data to the processor 
with the acknowledged 
interrupt 
code composed 
as follows 
(note the state 
of the AOI mode control 
is ignored 
and A5-A11 
are 
unused 
in 80C86, 80C88 mode): 


Content 
of Interrupt 
Vector 
Byte 
for SOCS6, SOCSSSystem 
Mode 


D7 
D6 
D5 
D4 
D3 
D2 
D1 
DO 


IR7 
T7 
T6 
T5 
T4 
T3 
1 
1 
1 


IR6 
T7 
T6 
T5 
T4 
T3 
1 
1 
0 


IR5 
T7 
T6 
T5 
T4 
T3 
1 
0 
1 


IR4 
T7 
T6 
T5 
T4 
T3 
1 
0 
0 


IR3 
T7 
T6 
T5 
T4 
T3 
0 
1 
1 


IR2 
T7 
T6 
T5 
T4 
T3 
0 
1 
0 


IR1 
T7 
T6 
T5 
T4 
T3 
0 
0 
1 


IRO 
T7 
T6 
T5 
T4 
T3 
0 
0 
0 


The 
82C59A-2 
accepts 
two 
types 
of 
command 
words generated 
by the CPU: 


1. Initialization 
Command 
Words (ICWs): Before nor- 
mal operation 
can begin, 
each 
82C59A-2 
in the 
system must be brought to a startin~int 
- 
by a 
sequence 
of 2 to 4 bytes timed by WR pulses. 


2. Operation 
Command 
Words 
(OCWs): 
These 
are 
the 
command 
words 
which 
command 
the 
82C59A-2 
to operate 
in various 
interrupt 
modes. 
These 
modes 
are: 


a. Fully nested 
mode 


b. Rotating 
priority 
mode 


c. Special 
mask mode 


d. Polled mode 


The OCWs 
can be written 
into the 82C59A-2 
any- 
time after initialization. 


INITIALIZATION 
COMMAND 
WORDS 
(ICWS) 


Whenever 
a command 
is issljed with AO = 0 and 04 
= 
1, this 
is interpreted 
as Initialization 
Command 
Word 
1 (ICW1). 
ICW1 
starts 
the 
initialization 
se- 
quence 
during which the following 
automatically 
oc- 
cur. 


a. The edge sense circuit is reset, which means that 
following 
initialization, 
an interrupt 
request 
(IR) in- 
put must make a low-to-high 
transition 
to gener- 
ate an interrupt. 
• 


b. The Interrupt 
Mask Register 
is cleared. 


c. IR7 input is assigned 
priority 
7. 


d. The slave mode address 
is set to 7. 


e. Special 
Mask Mode 
is cleared 
and Status Read is 
set to IRR. 


f. If IC4 = 0, then all functions 
selected 
in ICW4 are 
set to zero. 
(Non-Buffered 
mode', 
no Auto-EOI, 
MCS-80, 
85 system). 


'NOTE: 
MasterlSlave 
in ICW4 is only used in the buffered 
mode. 


INITIALIZATION 
COMMAND 
WORDS 
1 AND 2 
(ICW1,ICW2) 


A5-A15: 
Page starting 
address 
of service 
routines. 


In an MCS 80/85 
system, 
the 8 request 
levels 
will 
generate 
CALLs 
to 8 locations 
equally 
spaced 
in 
memory. 
These 
can be programmed 
to be spaced 
at intervals 
of 4 or 8 memory 
locations, 
thus 
the 
8 routines 
will 
occupy 
a page 
of 32 or 64 bytes, 


respectively. 


The address 
format 
is 2 bytes long (Ao-A15)' 
When 
the routine 
interval 
is 4, Ao-A4 
are automatically 
in- 


serted 
by the 
82C59A-2, 
while 
A5-A15 
are 
pro- 
grammed 
externally. 
When the routine 
interval 
is 8, 


Ao-A5 
are automatically 
inserted 
by the 82C59A-2, 


while A6-A15 
are programmed 
externally. 


The 
8-byte 
interval 
will 
maintain 
compatibility 
with 
current 
software, 
while the 4-byte interval 
is best for 
a compact 
jump table. 


In an 80C86, 80C88 system A15-A11 
are inserted 
in 
the 
five 
most 
significant 
bits 
of 
the 
vectoring 


- 
- 
cant bits according 
to the interrupt 
level. A1Q-A5 are 
ignored 
and ADI (Address 
Interval) 
has no effect: 


LTIM: 
If LTIM = 1, then the 82C59A-2 
will operate 
in the level interrupt 
mode. Edge detect 
logic 
on the interrupt 
inputs will be disabled. 


ADI: 
CALL address 
interval. 
ADI = 1 then inter- 
val = 4; ADI = 0 then interval 
= 8. 


SNGL: 
Single. Means that this is the only 82C59A-2 
in the system. 
If SNGL = 1 no ICW3 will be 
issued. 


IC4: 
If this bit is set - 
ICW4 has to be read. 
If 
ICW4 is not needed, 
set IC4 = O. 


This word is read only when there is more than one 
82C59A-2 
in the system 
and cascading 
is used, 
in 
which 
case 
SNGL 
= O. It will load the 8-bit slave 
register. 
The functions 
of this register 
are: 


a. In the master 
mode 
(either 
when 
SP = 1, or in 
buffered 
mode when MIS 
= 1 in ICW4) a "1" 
is 
set for each slave in the system. The master then 
will release 
byte 1 of the call sequence 
(for MCS- 
80/85 
system) 
and will enable 
the corresponding 
slave to release 
bytes 2 and 3 (for 80C86, 80C88 
only byte 2) through 
the cascade 
lines. 


1 and MIS 
= 0 in ICW4) bits 2-0 identify 
the 
slave. The slave compares 
its cascade 
input with 
these bits and, if they are equal, bytes 2 and 3 of 
the 
call 
sequence 
(or 
just 
byte 
2 
for 
80C86, 


80C88 are released 
by it on the Data Bus. 


INITIALIZATION 
COMMAND 
WORD 
4 (ICW4) 
SFNM: 
If SFNM 
= 1 the special fully nested 
mode 
is programmed. 


BUF: 
If 
BUF 
= 
1 the 
buffered 
mode 
is 
pro- 
grammed. 
In 
buffered 
mode 
SP/EN 
be- 
comes 
an enable 
output 
and 
the 
master I 
slave determination 
.is by MIS. 


MIS: 
If buffered 
mode 
is selected: 
MIS 
= 
1 
means the 82C59A-2 
is programmed 
to be a 
master, 
MIS 
= 0 means 
the 82C59A-2 
is 
programmed 
to be a slave. If BUF = 0, MIS 
has no function. 


AEOI: 
If AEOI 
= 1 the automatic 
end of interrupt 
mode is programmed. 


IJoPM: 
Microprocessor 
mode: 
IJoPM = 0 sets 
the 
82C59A-2 
for MCS-80, 85 system operation, 
IJoPM= 1 sets the 82C59A-2 
for 80C86 sys- 
tem operation. 


intJ 


EHE 


x NON-BurfERED 
MODE 
1 
0 
BUFFERED 
MODE / 
SLA V[ 
1 
t 
BUFFERED 
WODE / 
•••••.Sl[R 


NOTE: 
Slave 
ID is equal to the corresponding 
master 
IR input. 


CALL 
ADDRESS 
INTERVAL 
1 = INTERVAL 
or 
4 
0= 
INTERVAL 
01' 
l!I 


A7 - AS 
OF 
INTERRUPT 


VECTOR 
ADDRESS 
(wcs-oo / OS WOOE ONLY) 


"'15 - AS 
OF 
INT(RRUPT 


VECTOR 
ADDRESS 
(WCS-OO / os WOOE ONLY) 
17-T3 
OF 
INTERRUPT 


VECTOR 
ADDRESS 
(OOC06 / OOCOO WOOE) 


1 = IR INPUT HAS A SLAV[ 
0= 
IR 
INPUT 
OOES 
NOT 
HAVE 
A 
SLAVE 


1 = SPECIAL FUllY 
NESTED MOD( 
0=001 
SPEC1AL 
ruUY 
HESTED 
WOOl: 


• 


OPERATION 
COMMAND 
WORDS 


(OCWs) 


After 
the initialization 
Command 
Words 
(ICWs) are 
programmed 
into the 82C59A-2, 
the chip is ready to 


accept 
interrupt 
requests 
at its input lines. However, 
during the 82C59A-2 
operation, 
a selection 
of algo- 


rithms 
can 
command 
the 
82C59A-2 
to operate 
in 


various 
modes 
through 
the 
Operation 
Command 


Words 
(OCWs). 


OPERATION 
CONTROL 
WORDS 
(OCWs) 


OCW1 
AO 
07 
06 
05 
04 
03 
02 
01 
DO 


GJ 
I M7 
M6 
M5 
M4 
M3 
M2 
M1 
MOI 


OCW2 
I R 
SL 
EOI 
0 
0 
L2 
L1 
LO I 


OCW3 
10 
ESMM 
SMM 
0 
P 
RR 
RIS I 


OCW1 sets and clears the mask bits in the interrupt 
Mask 
Register 
(IMR). 
My - Mo represent 
the 
eight 


mask bits. M = 1 indicates 
the channel 
is masked 


(inhibited), 
M = 0 indicates 
the channel 
is enabled. 


OPERATION 
CONTROL 
WORD 
2 (OCW2) 


R, SL, EOI - 
These 
three 
bits control 
the Rotate 


and End of Interrupt 
modes and combinations 
of the 


two. A chart of these combinations 
can be found on 


the Operation 
Command 
Word Format. 


L2' L1' Lo-These 
bits determine 
the interrupt 
level 


acted upon when the S~ bit is active. 


OPERATION 
CONTROL 
WORD 
3 (OCW3) 


ESMM - 
Enable Special 
Mask Mode. When this bit 


is set to 1 it enables 
the SMM bit to set or reset the 


Special 
Mask Mode. When ESMM = 0 the SMM bit 


becomes 
a "don't 
care". 


SMM 
- 
Special 
Mask 
Mode. 
If ESMM 
= 
1 and 


SMM 
= 1 the 
82C59A-2 
will 
enter 
Special 
Mask 


Mode. 
If ESMM = 1 and SMM = 0 the 82C59A-2 


will revert to normal mask mode. When ESMM = 0, 
SMM has no effect. 


This mode is entered after initialization 
unless anoth- 


er mode is programmed. 
The interrupt 
requests 
are 


ordered 
in priority 
form 
0 through 
7 (0 highest). 


When 
an interrupt 
is acknowledged 
the highest 
pri- 


ority request 
is determined 
and its vector 
placed 
on 


the bus. Additionally, 
a bit of the 
Interrupt 
Service 
register 
(ISO-7) is set. This bit remains 
set until the 


microprocessor 
issues 
an 
End 
of 
Interrupt 
(EOI) 


command 
immediately 
before 
returning 
from 
the 


service 
routine, 
or if AEOI (Automatic. 
End of Inter- 


rupt) bit is set, until the trailing edge of the last INTA. 
While 
the 
IS bit is set, all further 
interrupts 
of the 


same or lower priority are inhibited, 
while higher lev- 


els will generate 
an interrupt 
(which will be acknowl- 


edged 
only 
if the 
microprocessor 
internal 
interrupt 


enable 
flip-flop 
has been 
re-enabled 
through 
soft- 


ware). 


After the initialization 
sequence, 
IRO has the highest 


priority 
and 
IR7 
the 
lowest. 
Priorities 
can 
be 


changed, 
as will be explained, 
in the rotating 
priority 


mode. 


END OF INTERRUPT 
(EOI) 


The In Service 
(IS) bit can be reset either automati- 


cally 
following 
the 
trailing 
edge 
of the 
last 
in se- 


quence 
INTA pulse (when AEOI bit in ICW4 is set) or 


by a command 
word 
that 
must 
be issued 
to the 


82C59A-2 
before 
returning 
from 
a service 
routine 


(EOI command). 
An EOI command 
must be issued 


twice 
if in the Cascade 
mode, 
once for the master 


and once for the corresponding 
slave. 


There are two forms of EOI command: 
Specific 
and 


Non-Specific. 
When 
the 
82C59A-2 
is operated 
in 


modes 
which 
preserve 
the fully nested 
structure, 
it 


can determine 
which 
IS bit to reset on EOI. When a 


Non-Specific 
EOI command 
is issued the 82C59A-2 


will automatically 
reset 
the 
highest 
IS bit of those 


that are set, since in the fully nested 
mode the high- 


est IS level was necessarily 
the last level acknowl- 


edged 
and serviced. 
A non-specific 
EOI can be is- 


sued with OCW2 (EOI = 1, SL = 0, R = 0). 


When 
a mode 
is used which 
may disturb 
the fully 


nested 
structure, 
the 82C59A-2 
may no longer 
be 


able 
to determine 
the 
last level 
acknowledged. 
In 


this case a Specific 
End of Interrupt 
must be issued 


which 
includes 
as part of the command 
the IS level 


to be reset. A specific 
EOI can be issued with OCW2 


(EO I = 1, SL = 1, R = 0, and LO-L2 is the binary 
level of the IS bit to be reset). 


It should be noted that an IS bit that is masked by an 
IMR bit will not be cleared 
by a non-specific 
EOI if 


the 82C59A-2 
is in the Special 
Mask Mode. 


inter 


OCW2 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
I 
0 I 
H I 
SL I EOI I 
0 I 
0 I L 2 
ILl 
I LO I 


IR 
LEVEL 
TO 
BE 


ACTED 
UPON 


0 , 
2 
3 • 
5 
6 
7 
'-- 
0 
1 
0 , 0 
1 
0 
1 


0 
0 
1 
1 
0 
0 
1 
1 
0 
0 
0 
o 
1 
1 
1 , 


o 
0 
1 
NON 
SPECIFIC 
EOI 
COt.4t.4ANo 
} 
END 
OF 
INTERRUPT 
~1 
1 
SPECIFIC 
EOI 
COt.4t.4ANo 


1 
0 
1 
ROTATE 
ON 
NON-SPECIFIC 
EOI 
COt.4t.4ANo 


} 
AUTOt.4ATIC 
ROTATION 
f-;-o 
0 
ROTATE 
IN 
AUTOt.4ATIC 
EOI 
t.40oE(SET) 
'Do 
0 
ROTATE 
IN 
AUTOt.4ATIC 
EOI 
t.400E(CLEAR) 
f-~' , 
·ROTATE 
ON 
SPECIFIC 
EOI 
COt.4t.4ANo 
} 
SPECIFIC 
ROTATION 
,2..' 
0 
·SET 
PRIORITY 
COt.4t.4ANo 
..2.' 
0 
NO 
OPERATION 
·lO-L2 
ARE USED 


OCW3 


AO 
07 
06 
05 
D. 
03 
O2 
0, 
DO 
I 
0 I 
0 IESt.4toll Stolt.41 
0 I 
1 I 
P I RR I RIS I 


I 
I 


READ 
REGISTER 
COt.4t.4ANo 


0 
I 
1 
0 
1 


0 
I 
0 
1 
1 


READ 
IR 
READ 
IS 


NO 
ACTION 
REG 
ON 
REG 
ON 
NEXT 
jijj 
NEXT 
jijj 
PULSE 
PULSE 


1 = POLL 
COt.4t.4AND 


0= 
NO 
POLL 
COt.4t.4AND 


SPECIAL 
t.4ASK 
t.40DE 


0 
I 
1 
D 
1 


0 
I 
0 
1 
1 


RESET 
SET 


NO 
ACTION 
SPECIAL 
SPECIAL 
tolASK 
t.4ASK 


• 


inter 


AUTOMATIC 
END OF INTERRUPT 
(AEOI) 
MODE 


If AEOI = 1 in ICW4, then the 82C59A-2 
will operate 
in AEOI 
mode 
continuously 
until reprogrammed 
by 
ICW4. In this mode the 82C59A-2 
will automatically 
perform 
a non-specific 
EOI operation 
at the trailing 
edge 
of the last interrupt 
acknowledge 
pulse 
(third 
pulse 
in MCS-80/85, 
second 
in 80C86/88). 
Note 
that from a system 
standpoint, 
this mode should 
be 
used only when 
a nested 
multilevel 
interrupt 
struc- 
ture is not required 
within a single 82C59A. 


The 
AEOI 
mode 
can 
only 
be 
used 
in a 
master 
82C59A 
and not a slave. 


In some applications 
there are a number of interrupt- 
ing devices 
of equal priority. 
In this mode a device, 
after being serviced, 
receives 
the lowest 
priority, 
so 
a device 
requesting 
an interrupt 
will have to wait, in 
the 
worst 
case 
until 
each 
of 7 other 
devices 
are 
serviced 
at most 
once. 
For example, 
if the priority 
and "in service" 
status is: 


Before 
Rotate 
(IR4 
the 
highest 
priority 
requiring 
service) 
IS7 IS6 IS5 IS4 IS3 152 IS1 ISO 


"IS" 
Status 
0 
0 


Lowest 
Highest 
Priority 
Priority 
.L 
.L 


Priority Status 
~ 


After Rotate 
(IR4 was serviced, 
all other 
priorities 
rotated 
correspondingly) 


Highest 
Lowest 
Priority 
Priority 
.L 
.L 


~ 


There 
are two ways to accomplish 
Automatic 
Rota- 
tion using OCW2, the Rotation 
on Non-Specific 
EOI 
Command 
(R = 1, SL = 0, EOI = 1) and the Ro- 


tate in Automatic 
EOI Mode which is set by (R = 1, 
SL = 0, EOI = 0) and cleared 
by (R = 0, SL = 0, 
EOI = 0). 


(Specific Priority) 


The programmer 
can change 
priorities 
by program- 


ming the bottom 
priority and thus fixing all other pri- 
orities; i.e., if IR5 is programmed 
as the bottom 
prior- 
ity device, 
then IR6 will have the highest 
one. 


The Set Priority command 
is issued in OCW2 where: 
R = 1, SL = 1; LO- L2 is the binary 
priority 
level 
code of the bottom 
priority device. 


Observe 
that in this mode internal 
status is updated 
by software 
control 
during OCW2. 
However, 
it is in- 
dependent 
of the 
End of Interrupt 
(EO I) command 
(also executed 
by OCW2). 
Priority changes 
can be 
executed 
during an EOI command 
by using the Ro- 
tate on Specific 
EOI command 
in OCW2 (R = 1, SL 
= 1, EOI = 1 and 
LO-L2 
= IR level to receive 
bottom 
priority). 


Each Interrupt 
Request 
input can be masked 
individ- 
ually 
by 
the 
Interrupt 
Mask 
Register 
(IMR) 
pro- 
grammed 
through OCW1. Each bit in the IMR masks 
one interrupt 
channel 
if it is set (1). Bit 0 masks IRO, 
Bit 1 masks IR1 and so forth. Masking 
an IR channel 
does not affect 
the other channels 
operation. 


Some 
applications 
may require 
an interrupt 
service 
routine to dynamically 
alter the system priority struc- 
ture during its execution 
under software 
control. 
For 
example, 
the routine 
may wish to inhibit lower priori- 
ty requests 
for a portion 
of its execution 
but enable 
some of them for another 
portion. 


The difficulty 
here is that if an interrupt 
Request 
is 
acknowledged 
and an End of Interrupt 
command 
did 
not 
reset 
its IS bit (i.e., while 
executing 
a service 
routine), the 82C59A-2 
would have inhibited 
all lower 
priority requests 
with no easy way for the routine 
to 
enable 
them. 


That is where 
the Special 
Mask Mode comes 
in. In 
the special 
Mask 
Mode, 
when 
a mask 
bit is set in 
OCW1, 
it inhibits 
further 
interrupts 
at that level and 
enables 
interrupts 
from all other levels (lower as well 
as higher) that are not masked. 


Thus, 
any interrupts 
may be selectivity 
enabled 
by 
loading the mask register. 


The 
special 
Mask 
Mode 
is set 
by OCW3 
where: 
SSMM = 1, SMM = 1, and cleared where SSMM = 
1, SMM = O. 


In Poll mode the INT output functions 
as it normally 
does. The microprocessor 
should ignore this output. 


This can be accomplished 
either by not connecting 
the 
INT output 
or by masking 
interrupts 
within 
the 
microprocessor, 
thereby 
disabling 
its interrupt 
input. 


Service 
to devices 
is achieved 
by software 
using a 
Poll command. 


The Poll command 
is issued 
by setting 
P = "1" 
in 
OCW3. 
The 82C59A-2 
treats 
the next RD pulse to 


LTiM 
BIT 
0= 
EDGE 
1 = LEVEL 


the 82C59A-2 
(Le., RD = 0, CS = 0) as an interrupt 
acknowledge, 
sets the appropriate 
IS bit if there is a 
request, 
and reads the priority 
level. Interrupt 
is fro- 
zen from WR to RD. 


07 
06 
05 


I 


WO-W2: 


Binary code 
of the highest 
priority 
level requesting 
service. 


I: Equal to a "1" 
if there is an interrupt. 


04 
03 
02 
01 


W2 
W1 


This mode 
is useful 
if there 
is a routine 
command 
common 
to 
several 
levels 
so 
that 
the 
INTA 
se- 


quence 
is not needed 
(saves ROM space). 
Another 
application 
is to use the poll 
mode 
to expand 
the 
number of priority 
levels to more than 64 . 


EDGE 
SENSE 
LATCH 


MCS - 80. 85 { 
INTA(Lf1..I1.,tr 


MODE 
FREEZE4q 
\r 
---- 


80C86/80C88{ 
INTA~ 


MODE 
FREEZE~ 


I 


NOTES: 
1. Master 
Clear active 
only during 
ICW1 
2. Freeze/ 
is active 
during 
INTAIand 
poll sequences 
only 
3. Truth Table 
for D-Latch 


OPERATION 


FOLLOW 
HOLD 


NON 
MASKED 


REO 
• 


The input status of several 
internal 
registers 
can be 


read to update 
the user information 
on the system. 
The following 
registers 
can be read via OCW3 (IRR 


and ISR or OCW1 
[IMR]). 


Interrupt 
Request 
Register 
(IRR): 8-bit register which 


contains 
the levels requesting 
an interrupt 
to be ac- 
knowledged. 
The highest 
request 
level is reset from 


the IRR when an interrupt 
is acknowledged. 
(Not af- 
fected 
by IMR). 


In-Service 
Register 
(ISR): 8-bit register 
which 
con- 
tains the priority 
levels that are being serviced. 
The 


ISR is updated 
when an End of Interrupt 
Command 


is issued. 


Interrupt 
Mask 
Register. 
8-bit 
register 
which 
con- 


tains the interrupt 
request 
lines which are masked. 


The IRR can be read when, prior to the RD pulse, a 
Read Register 
Command 
is issued with OCW3 
(RR 


= 1, RIS = 0.) 


The ISR can be read when, prior to the RD pulse, a 
Read Register 
Command 
is issued with OCW3 
(RR 


= 1, RIS = 1): 


There 
is no need to write 
an OCW3 
before 
every 


status 
read 
operation, 
as long 
as the 
status 
read 


corresponds 
with 
the 
previous 
one; 
i.e., 
the 


82C59A-2 
"remembers" 
whether 
the IRR or ISR has 


been previously 
selected 
by the OCW3. This is not 


true when poll is used. 


After initialization 
the 82C59A-2 
is set to IRA. 


For reading 
the IMR, no OCW3 is needed. 
The out- 


put data 
bus will contain 
the 
IMR whenever 
RD is 


active and AO = 1 (OCW1). 


Polling overrides 
status read when P = 1, RR = 1 


in OCW3. 


If LTI M = '0', an interrupt 
request will be recognized 


by a low to high transition 
on an IR input. 
The 
IR 


input can remain high without 
generating 
another 
in- 


terrupt. 


If LTIM = '1', an interrupt 
request will be recognized 


by a 'high' level on IR Input, and there is no need for 
an edge 
detection. 
The 
interrupt 
request 
must 
be 


removed 
before 
the EOI command 
is issued 
or the 


CPU interrupt 
is enabled 
to prevent 
a second 
inter- 


rupt from occurring. 


The priority cell diagram 
shows 
a conceptual 
circuit 


of the level sensitive 
and edge sensitive 
input circuit- 


ry of the 82C59A-2. 
Be sure to note that the request 


latch is a transparent 
D type latch. 


In both the edge and level triggered 
modes 
the IR 


inputs must remain high until after the falling edge of 
the first 
INTA. 
If the 
IR input goes 
low before 
this 


time a DEFAULT 
IR7 will occur 
when 
the CPU ac- 


knowledges 
the interrupt. 
This can be a useful safe- 


guard 
for 
detecting 
interrupts 
caused 
by spurious 


noise glitches 
on the 
IR inputs. 
To implement 
this 


feature the IR7 routine is used for "clean 
up" simply 


executing 
a return instruction, 
thus ignoring the inter- 


rupt. 
If IR7 is needed 
for other 
purposes 
a default 


IR7 can still be detected 
by reading 
the ISA. A nor- 


mallR7 
interrupt will set the corresponding 
ISR bit, a 


default 
IR7 won't. 
If a default 
IR7 routine occurs dur- 


ing a normal 
IR7 routine, 
however, 
the ISR will re- 


main set. In this case it is necessary 
to keep track of 


whether 
or not the 
IR7 routine 
was previously 
en- 


tered. 
If another 
IR7 occurs 
it is a default. 


Figure 10. IR Triggering 
Timing Requirements 
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This mode will be used in the case of a big system 
where cascading is used, and the priority has to be 
conserved within each slave. In this case the fully 
nested mode will be programmed to the master (us- 
ing ICW4).This mode is similar to the normal nested 
mode with the following exceptions: 
a. When an interrupt request from a certain slave is 
in service this slave is not locked out from the 
master's priority logic and further interrupt re- 
quests from higher priority IR's within the slave 
will be recognized by the master and will initiate 
interrupts to the processor. (In the normal nestled 
mode a slave is masked out when its request is in 
service and no higher requests from the same 
slave can be serviced.) 
b. When exiting the Interrupt Service routine the 
software has to check whether the interrupt serv- 
iced was the only one from that slave. This is 
done by sending a non-specific End of Interrupt 
(EOI) command to the slave and then reading its 
In-Service register and checking for zero. If it is 
empty, a non-specific EOI can be sent to the mas- 
ter too. If not, no EOI should be sent. 


When the 82C59A-2 is used in a large system where 
bus driving buffers are required on the data bus and 
the cascading mode is used, there exists the prob- 
lem of enabling buffers. 


The buffered mode will structure the 82C59A-2 to 
send an enable signal on SP/EN to enable the buff- 
ers. In this mode, whenever the 82C59A-2's data 
bus outputs are enabled, the SP/EN output be- 
comes active. 


r---' 
a.... 
00·1 
rNT" 
INT 


CASO 
_ 


This modification forces the use of software pro- 
gramming to determine whether the 82C59A-2 is a 
master or a slave. Bit 3 in ICW4 programs the buff- 
ered mode, and bit 2 in ICW3 determines whether it 
is a master or a slave. 


The 82C59A-2 can be easily interconnected in a 
system of one master with up to eight slaves to han- 
dle up to 64 priority levels. 


The master controls the slaves through the 3 line 
cascade bus. The cascade bus acts like chip selects 
to the slaves during the INTA sequence. 


In a cascade configuration, the slave interrupt out- 
puts are connected to the master interrupt request 
inputs. When a slave request line is activated and 
afterwards acknowledged, the master will enable the 
corresponding slave to release the device routine • 
address during bytes 2 and 3 of INTA. (Byte 2 only 
for 80C86/80C88). 


The cascade bus lines are normally low and will con- 
tain the slave address code from the trailing edge of 
the first INTA pulse to the trailing edge of the third 
pulse. Each 82C59A-2 in the system must follow a 
separate initialization sequence and can be pro- 
grammed to work in a different mode. An EOI com- 
mand must be issued twice: once for the master and 
once for the corresponding slave. An address de- 
coder is required to activate the Chip Select (CS) 
input of each 82C59A-2. 


The cascade lines of the Master 82C59A-2 are acti- 
vated only for slave inputs, non slave inputs leave 
the cascade line inactive (low). 


Ii[j j ! jjll 


! 
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0 
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Figure 11. Cascading 
the 82C59A·2 
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Ambient 
Temperature 
Under Bias 
O°C to 70°C 


Storage Temperature 
- 65°C to + 150°C 


Supply Voltage 
(w.r.t. ground) 
- 0.5 to 7.0V 


Input Voltage 
(w.r.t. ground) 
-0.5 
to Vee + 0.5V 


Output Voltage 
(w.r.t. ground) .. - 0.5 to Vee + 0.5V 


Power Dissipation 
0.9 Watt 


••• _ 
• I\ •.••L-. 
I III~ .;, Cl ""1UUU\.;UVII 
Udld. 
~lltH:::H. t Il~ ~peClfl~ 


cations are subject to change without notice. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings 
only. Operation 
beyond 
the 
"Operating 
Conditions" 
is not recommended 
and ex- 


tended exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


Symbol 
Parameter 
Min 
Max 
Units 
Test Conditions 


Ices 
Standby Supply Current 
10 
p.A 
VIN = Vee or GND 
AUlA = GND 
Outputs 
Unloaded 


Vee = 5.5V 


Ice 
Operating 
Supply Current 
5 
mA 
(Note) 


VIH 
Input High Voltage 
2.2 
Vee + 0.5 
V 


VIL 
Input Low Voltage 
-0.5 
0.8 
V 


VOL 
Output Low Voltage 
0.4 
V 
IOL = 2.5 mA 


VOH 
Output High Voltage 
3.0 
V 
IOH = -2.5mA 


Vee -0.4 
IOH = -100 
p.A 


III 
Input Leakage Current 
±1.0 
p.A 
OV ~ VIN ~ Vee 


ILO 
Output Leakage Current 
±10 
p.A 
OV ~ VOUT ~ Vee 


ILiR 
IA Input Leakage Current 
-300 
p.A 
VIN = 0 


+10 
VIN = Vee 


NOTE: 
Repeated 
data input with BOeB6-2 timings. 


Symbol 
Parameter 
Min 
Max 
Units 
Test Conditions 


CIN 
Input Capacitance 
7 
pF 
fc = 1 MHz 


ClIO 
I/O Capacitance 
20 
pF 
Unmeasured 
pins at GND 


COUT 
Output Capacitance 
15 
pF 


inter 


Symbol 
Parameter 
82C59A-2 
Units 
Test Conditions 
Min 
Max 


TAHRL 
AO/CS 
Setup to RD/INTA J, 
10 
ns 


TRHAX 
AO/CS 
Hold after RD/INTA i 
5 
ns 


TRLRH 
RD/INTA 
Pulse Width 
160 
ns 


TAHWL 
AO/CS 
Setup to WR J, 
0 
ns 


TWHAX 
AO/CS 
Hold after WR i 
0 
ns 


TWLWH 
WR Pulse Width 
190 
ns 


TDVWH 
Data Setup to WR i 
160 
ns 


TWHDX 
Data: Hold after WR i 
0 
ns 


TJLJH 
Interrupt 
Request Width (Low) 
100 
ns 
(See Note) 


TCVIAL 
Cascade 
Setup to Second or Third 
40 
ns 
INT A J, (Slave Only) 


TRHRL 
End of RD to next RD 
160 
ns 
End of INTA to next INTA within 
an INTA sequence 
only 


TWHWL 
End of WR to next WR 
190 
ns 


'TCHCL 
End of Command 
to next Command 
400 
ns 
(Not same command 
type) 
End of INTA sequence 
to next 
INT A sequence. 


'Worst 
case timing 
for TCHCL 
in an actual 
microprocessor 
system 
is typically 
much greater 
than 
400 ns (i.e. 8085A 
= 1.6 
jJ.s, 8085·A2 
= 1 jJ.s, 80C86 = 1 jJ.s, 80C86·2 
= 625 ns) 


NOTE: 
This is the low time required 
to clear the input latch in the edge triggered 
mode. 


inter 


Symbol 
Parameter 
8259A·2 
Units 
Test Conditions" 


Mln 
Max 


TALDV 
Data Valid from AD/INTA 
J, 
120 
ns 
1 


TAHDZ 
Data Float after AD/INTA 
t 
10 
85 
ns 
2 


TJHIH 
Interrupt Output Delay 
300 
ns 
1 


TIALCV 
Cascade 
Valid from First INT A J, 
360 
ns 
1 
(Master Only) 


TRLEL 
Enable Active from AD J, or INTA J, 
110 
ns 
1 


TAHEH 
Enable Inactive from AD t 
or INT At 
150 
ns 
1 


TAHDV 
Data Valid from Stable Address 
200 
ns 
1 


TCVDV 
Cascade 
Valid to Valid Data 
200 
ns 
1 


TEST CONDITION 
V1 
R1 
R2 
C1 


1 
1.7V 
5230 
OPEN 
100 pf 
2 
4.5V 
1.8 kO 
1.8 kO 
30 pf 


INPUT 
OUTPUT 


VIH. 
O.4V ----::\L 
~ 
2.4V 


VIL- 
O.4V --::7\. 
7\._._ 
O.45V 


231201-15 


VIh' 
OUTPUT 
TEST 
POINT 
FROM 
DEVICE 
UNDER 
TEST 


R2 I 
Ct' 


A.C. Testing: 
All input 
signals 
must 
switch 
between 
Vil - 
OAV 


and VIH + O.4V. Input Rise and Fall Times 
must 
be 
,; 15 ns. All 


timing 
measurements 
are made 
at 2AV and OA5V. 


Ci 


._1"8\1& 
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ADOIIE" IUI 


'" 
- 
ULD9 
T~HDZf- 


. 
TAHOY 
--------_ 
DATAlua------------------- 
------ 


OTHER 
TIMING 


lID 
t=T"H"L~ 


llllA 
\ 


WIi 
\ 
;t=TWHWl~ 


lID 
IIlTl 
\ 
C.~, 


WIl 


RD 
INfi 
Wi! 
__ I 
• 
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WA VEFORMS 
(Continued) 


INTA SEQUENCE 


IR~TJHIH 
C ... 


TJLJH 
------------- 
.• 


INT-----o# 


INTA 


NOTES: 
1. Interrupt 
output 
must remain 
HIGH at least until leading 
edge of first INTA. 


2. Cycle 
1 in BOCB6 and BOCBB systems, 
the Data Bus is not active. 


The following 
changes 
have been made since revision 
003 of the 82C59A-2 
data sheet. 


1. Preliminary 
was removed. 


2. A reference 
to PLCC packaging 
was removed. 


3. The first paragraph 
of the Poll Command 
section 
was rewritten 
to clarify the status of the INT pin. 


4. A paragraph 
was added 
to the 
Interrupt 
Sequence 
section 
to indicate 
the 
status 
of the 
INT pin during 
multiple 
interrupts. 


• Simultaneous 
Keyboard 
Display 
• Single 16-Character 
Display 
Operations 
• Right or Left Entry 16-Byte 
Display 
• Scanned 
Keyboard 
Mode 
RAM 
• Scanned 
Sensor 
Mode 
• Mode Programmable 
from CPU 
• Strobed 
Input Entry Mode 
• Programmable 
Scan Timing 
• 8-Character 
Keyboard 
FIFO 
• Interrupt 
Output on Key Entry 
• 2-Key Lockout 
or N-Key Rollover 
with 
• Available 
in EXPRESS 
Contact 
Debounce 
- 
Standard 
Temperature 
Range 
• Dual 8- or 16-Numerical 
Display 
- 
Extended 
Temperature 
Range 


The Intel@ 8279 is a general 
purpose 
programmable 
keyboard 
and display 
I/O interface 
device 
design~d 
for 
use with Intet@ microprocessors. 
The keyboard 
portion 
can provide 
a scanned 
interface 
to a 64-contact 
key 
matrix. The keyboard 
portion will also interface 
to an array of sensors 
or a strobed 
interface 
keyboard, 
such as 
the hall effect and ferrite variety. Key depressions 
can be 2-key lockout 
or N-key rollover. 
Keyboard 
entries are 
debounced 
and strobed 
in an 8-character 
FIFO. If more than 8 characters 
are entered, 
overrun 
status is set. 


Key entries 
set the interrupt 
output 
line to the CPU. 


The display 
portion 
provides 
a scanned 
display 
interface 
for LED, incandescent, 
and other 
popular 
display 
technologies. 
Both numeric and alphanumeric 
segment 
displays 
may be used as well as simple indicators. 
The 
8279 has 16x8 display 
RAM which can be organized 
into dual 16x4. The RAM can be loaded or interrogated 
by the CPU. Both right entry, calculator 
and left entry typewriter 
display formats 
are possible. 
Both read and 
write of the display 
RAM can be done with auto-increment 
of the display 
RAM address. 


Vcc 
Rl, 


Rl] 


IRQ 
Cl'< 
Rlo 


IRa 
CNTL/STB 


OAT~ 
Rl. 
8US 
SHIFT 


SHIFT . 
KEY 
DATA 
Rl, 
Sl] 
. AD 
Rl. 
Sl, 


Rl, 
Sl, 


WR 
(Nfl'S18 
. 
RESET 
Slo 
CPU 
AD 
aUT 
Bo 
INTERFACE 
~ 
WR 
OUT 
B, 


SLOJ 
SCAN 
DBo 
aUT 
B, 
. 
AO 
DB, 
OUT B] 


DB, 
OUT Ao 
OUT 
AOJ 
DB] 
OUT A, 
. 
RESET 
DB. 
qUT 
A, 


OI<)PlAY 
DB. 
OUT 
A] 
CLK 
OUT 803 
DATA 
m 
DB. 


DB, 
cs 


Vss 
Ao 


Vss 
290123-2 


290123-1 
Figure 2. Pin Configuration 
Figure 1. Logic Symbol 
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Symbol 
Pin 
Name and Function 
No. 


DBo-DB7 
19-12 
BI-DIRECTIONAL 
DATA BUS: All data and commands 
between 
the CPU 
and the 8279 are transmitted 
on these lines. 


ClK 
3 
CLOCK: Clock from system used to generate 
internal timing. 


RESET 
9 
RESET: A high signal on this pin resets the 8279. After being reset the 8279 is 
placed in the following 
mode: 


1) 16 8-bit character 
display-left 
entry. 
2) Encoded 
scan keyboard-2 
key lockout. 


Along with this the program 
clock prescaler 
is set to 31. 


CS 
22 
CHIP SELECT: A low on this pin enables the interface 
functions 
to receive or 


transmit. 


Ao 
21 
BUFFER ADDRESS: 
A high on this line indicates 
the signals in or out are 
interpreted 
as a command 
or status. A low indicates 
that they are data. 


RD,WR 
10-11 
INPUT/OUTPUT 
READ AND WRITE: These signals enable the data buffers 
to either send data to the external 
bus or receive it from the external 
bus. 


IRQ 
4 
INTERRUPT 
REQUEST: 
In a keyboard 
mode, the interrupt 
line is high when 
there is data in the FIFO/Sensor 
RAM. The interrupt 
line goes low with each 
FIFO/Sensor 
RAM read and returns high if there is still information 
in the 
RAM. In a sensor mode, the interrupt 
line goes high whenever 
a change 
in a 
sensor is detected. 


Vss,Vcc 
20,40 
GROUND 
AND POWER SUPPLY PINS. 


SLa-Sl3 
32-35 
SCAN LINES: Scan lines which are used to scan the key switch or sensor 
matrix and the display digits. These lines can be either encoded 
(1 of 16) or 


decoded 
(1 of 4). 


RLa-Rl7 
38,39, 
RETURN 
LINE: Return line inputs which are connected 
to the scan lines 
1,2,5-8 
through the keys or sensor switches. 
They have active internalpullups 
to 
keep them high until a switch closure pulls one low. They also serve as an 8- 
bit input in the Strobed 
Input mode. 


SHIFT 
36 
SHIFT: The shift input status is stored along with the key position 
on key 
closure in the Scanned 
Keyboard 
modes. It has an active internal pullup to 
keep it high until a switch closure pulls it low. 


CNTLlSTB 
37 
CONTROL/STROBED 
INPUT MODE: For keyboard 
modes this line is used 
as a control 
input and stored like status on a key closure. The line is also the 
strobe line that enters the data into the FIFO in the Strobed 
Input mode. 


(Rising Edge). It has an active internal pullup to keep it high until a switch 
closure pulls it low. 


OUT Ao-OUT 
A3 
27-24 
OUTPUTS: 
These two ports are the outputs for the 16 x 4 display refresh 
OUT Bo-OUT 
B3 
31-28 
registers. 
The data from these outputs is synchronized 
to the scan lines (SLa- 


Sl3) for multiplexed 
digit displays. The two 4 bit ports may be blanked 
independently. 
These two ports may also be considered 
as one 8-bit port. 


BD 
23 
BLANK DISPLAY: This output is used to blank the display during digit 
switching 
or by a display blanking 
command. 


Since data input and display are an integral part of 
many microprocessor designs, the system designer 
needs an interface that can control these functions 
without placing a large load on the CPU. The 8279 
provides this function for 8-bit microprocessors. 


The 8279 has two sections: keyboard and display. 
The keyboard section can interface to regular type- 
writer style keyboards or random toggle or thumb 
switches. The display section drives alphanumeric 
displays or a bank of indicator lights. Thus the CPU 
is relieved from scanning the keyboard or refreshing 
the display. 


The 8279 is designed to directly connect to the mi- 
croprocessor bus. The CPU can program all operat- 
ing modes for the 8279. These modes include: 


Input Modes 
• Scanned Keyboard-with 
encoded (8 x 8 key 


keyboard) or decoded (4 x 8 key keyboard) scan 
lines. A key depression generates a 6-bit encod- 
ing of key position. Position and shift and control 
status are stored in the FIFO. Keys are automati- 
cally debounced with 2-key lockout or N-key roll- 
over. 


• Scanned Sensor Matrix-with 
encoded (8 x 8 ma- 


trix switches) or decoded (4 x 8 matrix switches) 
scan lines. Key status (open or closed) stored in 
RAM addressable by CPU. 
• Strobed Input-Data 
on return lines during con- 


trol line strobe is transferred to FIFO. 


Output Modes 
• 8 or 16 character multiplexed displays that can 


be organized as dual 4-bit or single 8-bit (Bo = 
Do, A3 = D7)' 
• Right entry or left entry display formats. 


Other features of the 8279 include: 
• Mode programming from the CPU. 
• Clock Prescaler 
• Interrupt output to signal CPU when there is key- 
board or sensor data available. 
• An 8 by1eFIFO to store keyboard information. 
• 16 by1einternal Display RAM for display refresh. 


This RAM can also be read by the CPU. 


The following is a description of the major elements 
of the 8279 Programmable Keyboard/Display inter- 
face device. Refer to the block diagram in Figure 3. 
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The I/O control section uses the CS, Ao, RD and 
WR lines to control data flow to and from the various 
internal registers and buffers. All data flow to and 
from the 8279 is enabled by CS. The character of 
the information, given or desired by the CPU, is iden- 
tified by Ao. A logic one means the information is a 
command or status. ~ic 
zero means the informa- 


tion is data. RD and WR determine the direction of 
data flow through the Data Buffers. The Data Buffers 
are bi-directional buffers that connect the internal 
bus to the external bus. When the chip is not select- 
ed (CS = 1), the devices are ~ 
hi9:!!.impedance 


state. The drivers input during WR • CS and output 
during RD • CS. 


Control and Timing Registers and 
Timing Control 


These registers store the keyboard and display • 
modes and other operating conditions programmed 
by the CPU. The modes are programmed by pre- 
senting the proper command on the data lines with 
Ao = 1 and then sending a WR. The command is 
latched on the rising edge of WR. The command is 
then decoded and the appropriate function is set. 
The timing control contains the basic timing counter 
chain. The first counter is a -;- N prescaler that can 
be programmed to yield an internal frequency of 100 
kHz which gives a 5.1 ms keyboard scan time and a 
10.3 ms debounce time. The other counters divide 
down the basic internal frequency to provide the 
proper key scan, row scan, keyboard matrix scan, 
and display scan times. 


The scan counter has two modes. In the encoded 
mode, the counter provides a binary count that must 
be externally decoded to provide the scan lines for 
the keyboard and display. In the decoded mode, the 
scan counter decodes the least significant 2 bits and 
provides a decoded 1 of 4 scan. Note that when the 
keyboard is in decoded scan, so is the display. This 
means that only the first 4 characters in the Display 
RAM are displayed. 


In the encoded mode, the scan lines are active high 
outputs. In the decoded mode, the scan lines are 
active low outputs. 
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inter 


Return Buffers and Keyboard 
Debounce 
and Control 


The 8 return lines are buffered and latched by the 
Return Buffers. In the keyboard mode, these lines 
are scanned, looking for key closures in that row. If 
the debounce circuit detects a closed switch, it waits 
about 10 ms to check if the switch remains closed. If 
it does, the address of the switch in the matrix plus 
the status of SHIFT and CONTROL are transferred 
to the F.IFO.In the scanned Sensor Matrix modes, 
the contents of the return lines is directly transferred 
to the corresponding row of the Sensor RAM (FIFO) 
each key scan time. In Strobed Input mode, the con- 
tents of the return lines are transferred to the FIFO 
on the rising edge of the CNTL/STB line pulse. 


This block is a dual function 8 x 8 RAM. In Keyboard 
or Strobed Input modes, it is a FIFO. Each new entry 
is written into successive RAM positions and each is 
then read in order of entry. FIFO status keeps track 
of the number of characters in the FIFO and whether 
it is full or empty. Too many reads or writes will be 
rec~nized 
as an error. The status can be read by 
an RD with CS low and Ao high. The status logic also 
provides an IRQ signal when the FIFO is not empty. 
In Scanned Sensor Matrix mode, the memory is a 
Sensor RAM. Each row of the Sensor RAM is loaded 
with the status of the corresponding row of sensor in 
the sensor matrix. In this mode, IRQ is high if a 
change in a sensor is detected. 


Display Addres~Registers and Display 
RAM 


The Display Address Registers hold the address of 
the word currently being written or read by the CPU 
and the two 4-bit nibbles being displayed. The readI 
write addresses are programmed by CPU command. 
They also can be set to auto increment after each 
read or write. The Display RAM can be directly read 
by the CPU after the correct mode and address is 
set. The addresses for the A and B nibbles are auto- 
matically updated by the 8279 to match data entry 
by the CPU. The A and B nibbles can be entered 
independently or as one word, according to the 
mode that is set by the CPU. Data entry to the dis- 
play can be set to either left or right entry. See Inter- 
face Considerations for details. 


The following commands program the 8279 operat- 
ing modes. The commands are sent on the Data Bus 
with CS low and Ao hi~and 
are loaded to the 8279 
on the rising edge of WR. 


Keyboard/Display 
Mode Set 
MSB 


Code: 
0 


Where DO is the Display Mode and KKK is the Key- 
board Mode. 


DD 
o 
0 
8 8-bit character display-Left 
entry 
o 
1 
16 8-bit character display-Left 
entry' 


1 
0 
8 8-bit character display-Right 
entry 
1 
1 
16 8-bit character display-Right 
entry 


For description of right and left entry, see Interface 
Considerations. Note that when decoded scan is set 
in keyboard mode, the display is reduced to 4 char- 
acters independent of display mode set. 


KKK 
o 
0 
0 
Encoded Scan Keyboard-2 
Key Lock- 
out' 
o 
0 
Decoded Scan Keyboard-2-Key 
Lock- 
out 
o 
0 
Encoded Scan Keyboard-N-Key 
Roll- 


over 
o 
Decoded Scan Keyboard-N-Key 
Roll- 


over 
o 
0 
Encoded Scan Sensor Matrix 
o 
1 
Decoded Scan Sensor Matrix 
1 
0 
Strobed Input, Encoded Display Scan 
1 
1 
1 
Strobed Input, Decoded Display Scan 
'Default after reset. 


All timing and multiplexing signals for the 8279 are 
generated by an internal prescaler. This prescaler 
divides the external clock (pin 3) by a programmable 
integer. Bits PPPPPdetermine the value of this inte- 
ger which ranges from 2 to 31. Choosing a divisor 
that yields 100 kHz will give the specified scan and 


• 


inter 


debounce 
times. For instance, 
if Pin 3 of the 8279 is 
being clocked 
by a 2 MHz signal, 
PPPPP should 
be 
set to 10100 to divide the clock 
by 20 to yield the 
proper 
100 kHz operating 
frequency. 


Code: 
~ 
X = Don't Care 


The CPU sets the 8279 for a read of the FIFO/Sen- 
sor RAM by first writing 
this command. 
In the Scan 
Keyboard 
Mode, 
the 
Auto-Increment 
flag 
(AI) and 
the RAM address bits (AAA) are irrelevant. 
The 8279 
will automatically 
drive the data bus for each subse- 
quent read'(Ao 
= 0) in the same sequence 
in which 
the data first entered 
the FIFO. All subsequent 
reads 
will be from the FIFO until another 
command 
is is- 
sued. 


In the Sensor 
Matrix 
Mode, 
the 
RAM address 
bits 
AAA select one of the 8 rows of the Sensor 
RAM. If 
the AI flag is set (AI = 1), each successive 
read will 
be from the subsequent 
row of the sensor 
RAM. 


Read Display 
RAM 


Code: 
0 
1 


The CPU sets up the 8279 for a read of the Display 
RAM by first writing this command. 
The address 
bits 
AAAA select one of the 16 rows of the Display RAM. 
If the AI flag is set (A 1 = 1), this row address will be 
incremented 
after each following 
read or write to the 
Display 
RAM. 
Since 
the 
same 
counter 
is used for 
both 
reading 
and 
writing, 
this 
command 
sets 
the 
next 
read 
or write 
address 
and 
the 
sense 
of the 
Auto-Increment 
mode for both operations. 


Write 
Display 
RAM 


Code: 
1 
0 


The CPU sets up the 8279 for a write to the Display 
RAM by first writing this command. 
After writing the 
command 
with Ao = 1, all subsequent 
writes with Ao 
= 0 will be to the Display RAM. The addressing 
and 
Auto-Increment 
functions 
are identical 
to those 
for 
the 
Read 
Display 
RAM. 
However, 
this 
command 
does 
not 
affect 
the 
source 
of 
subsequent 
Data 
Reads; the CPU will read from whichever 
RAM (Dis- 
play of FIFO/Sensor) 
which 
was 
last specified. 
If, 
indeed, 
the 
Display 
RAM 
was 
last 
specified, 
the 
Write 
Display 
RAM 
will, 
nevertheless, 
change 
the 
next Read location. 


Display Write 
Inhibit/Blanking 
A 


Code: 
IW 


The IW Bits can be used to mask nibble A and nibble 
B in applications 
requiring 
separate 
4-bit 
display 
ports. By setting the IW flag (IW = 1) for one of the 
ports, 
the port becomes 
marked 
so that 
entries 
to 
the 
Display 
RAM from 
the CPU do not affect 
that 
port. Thus, if each nibble is input to a BCD decoder, 
the CPU may write a digit to the Display 
RAM with- 
out affecting 
the other digit being displayed. 
It is im- 
portant 
to note that bit Bo corresponds 
to bit Do on 
the CPU bus, and that bit As corresponds 
to bit D7. 


If the user wishes 
to blank the display, the BL flags 
are available 
for each 
nibble. 
The 
last Clear 
com- 
mand issued 
determines 
the code to be used as a 
"blank." 
This code defaults 
to all zeros after a reset. 


Note that both BL flags must be set to blank a dis- 
play formatted 
with a single 8-bit port. 


Clear 


Code: 


The CD bits are available 
in this command 
to clear 
all rows of the Display RAM to a selectable 
blanking 
code as follows: 


e 
U 


D 


Ie; Ie:! 
AllZeros IX = Don't Care) 


1 
0 
AS ~ Hex 20 10010ססoo1 


1 
1 
All Ones 


Enable 
clear 
dIsplay 
when 
= 1 (or 
by 
CA 
::::1) 


290123-13 


During 
the time 
the 
Display 
RAM 
is being 
cleared 
( ~ 160 ,...s),it may not be written to. The most signifi- 
cant 
bit of the 
FIFO status 
word 
is set during 
this 
time. 
When 
the 
Display 
RAM 
becomes 
available 
again, it automatically 
resets, 


If the CF bit is asserted 
(CF = 1), the FIFO status is 
cleared 
and the interrupt 
output 
line is reset. 
Also, 
the Sensor 
RAM pointer 
is set to row O. 


CA, the Clear All bit, has the combined 
effect 
of CD 
and CF; it uses the CD clearing 
code on the Display 
RAM 
and also 
clears 
FIFO 
status. 
Furthermore, 
it 
resynchronizes 
the internal 
timing chain. 


End Interrupt/Error 
Mode Set 


Code: 
~ 
X = Don't care 


For the sensor 
matrix 
modes 
this command 
lowers 
the 
IRQ line and enables 
further 
writing 
into RAM. 
(The IRQ line would 
have been raised upon the de- 
tection 
of a change 
in a sensor 
value. 
This would 
have also inhibited 
further 
writing into the RAM until 
reset). 


For the 
N-key 
rollover 
mode-if 
the 
E bit is pro- 
grammed 
to "1" 
the chip will operate 
in the special 
Error mode. 
(For further 
details, 
see Interface 
Con- 
siderations 
Section,) 


The status word contains 
the FIFO status, error, and 
display unavailable 
signals. This word is read by the 
CPU when Ao is high and CS and RD are low. See 
Interface 
Considerations 
for more 
detail 
on status 
word. 


Data is read when Ao, CS and RD are all low. The 
source 
of the data is specified 
by the Read FIFO or 
Read 
Display 
commands. 
The trailing 
edge 
of RD 
will cause the address 
of the RAM being read to be 
incremented 
if the Auto-Increment 
flag is set. FIFO 
reads always increment 
(if no error occurs) 
indepen- 
dent of AI. 


Data that 
is written 
with Ao, CS and WR low is al- 
ways 
written 
to the 
Display 
RAM. 
The 
address 
is 
specified 
by the latest Read Display or Write Display 
command. 
Auto-Incrementing 
on 
the 
rising 
edge 
of 
WR 
occurs 
if 
AI 
is set 
by the 
latest 
display 
command. 


Scanned Keyboard 
Mode, 2-Key 
Lockout 
, 


There are three possible 
combinations 
of conditions 
that can occur 
during debounce 
scanning. 
When 
a 
key is depressed, 
the debounce 
logic is set. Other 
depressed 
keys are looked 
for during 
the next two 
scans. 
If none 
are encountered, 
it is a single 
key 
depression 
and the key position 
is entered 
into the 


FIFO along with the status of CNTL and SHIFT lines. 
If the FIFO was empty, 
IRQ will be set to signal the 
CPU that there 
is an entry in the FIFO. If the FIFO 
was full, the key will not be entered 
and the error 
flag will be set. If another 
closed 
switch 
is encoun- 
tered, 
no entry 
to the FIFO 
can occur. 
If all other 
keys are released 
before ths one, then it will be en· 
tered to the FIFO. If this key is released 
before 
any 
other, 
it will be entirely 
ignored. 
A key is entered 
to 
the FIFO only once 
per depression, 
no matter 
how 
many 
keys were 
pressed 
along 
with 
it or in· what 
order they were released. 
If two keys are depressed 
within 
the debounce 
cycle, 
it is a simultaneous 
de- 
pression. 
Neither 
key will be recognized 
until 
one 
key remains 
depressed 
alone. 
The last key will be 
treated 
as a single key depression. 


Scanned Keyboard 
Mode, N-Key 
Rollover 


With N-key Rollover 
each key depression 
is treated 
3 


independently 
from 
all others. 
When 
a key is de- 
pressed, 
the 
debounce 
circuit 
waits 
2 
keyboard 
scans and then checks to see if the key is still down. 
If it is , the key is entered 
into the FIFO. Any number 
of keys can be depressed 
and another 
can be rec- 
ognized and entered 
into the FIFO. If a simultaneous 
depression 
occurs, 
the keys are recognized 
and en- 
tered 
according 
to 
the 
order 
the 
keyboard 
scan 
found them. 


Scanned Keyboard-Special 
Error 
Modes 


For N-key 
rollover 
mode 
the 
user can 
program 
a 
special 
error mode. This is done by the "End 
Inter- 
rupt/Error 
Mode Set" 
command. 
The debounce 
cy- 
cle and 
key-validity 
check 
are as in normal 
N-key 
mode. 
If during 
a single debounce cycle, two 
keys 
are found 
depressed, 
this is considered 
a simulta- 
neous 
multiple 
depression, 
and 
sets 
an error 
flag. 
This flag will prevent any further writing into the FIFO 
and will set interrupt 
(if not yet set). The error flag 
could 
bp. read 
in this 
mode 
by reading 
the 
FIFO 
STATUS 
word. (See "FIFO 
STATUS" 
for further 
de- 
tails.) The error flag is reset by sending 
the normal 
CLEAR 
command 
with CF = 1. 


In Sensor 
Matrix mode, the debounce 
logic is inhibit- 
ed. The status 
of the sensor 
switch 
is inputted 
di- 
rectly 
to the Sensor 
RAM. 
In this way the 
Sensor 
RAM keeps an image of the state of the switches'in 
the sensor 
matrix. 
Although 
debouncing 
is not pro- 
vided, 
this 
mode 
has the advantage 
that 
the CPU 
knows 
how long the sensor was closed 
and when it 


validated 
closure. 
To make the software 
easier, the 
designer 
should 
functionally 
group 
the sensors 
by 
row since 
this is the format 
in which 
the CPU will 
read them. 


The IRQ line goes high if any sensor value change 
is 
detected 
at the end of a sensor 
matrix 
scan. 
The 
IRQ line is cleared 
by the first data read operation 
if 
the Auto-Increment 
flag is set to zero, or by the End 
Interrupt 
command 
if the Auto-Increment 
flag is set 
to one. 


NOTE: 
Multiple 
changes 
in 
the 
matrix 
Addressed 
by 
(SLo-3 
= 0) may cause multiple 
interrupts. 
(SLo = 
o in the 
Decoded 
Mode.) 
Reset 
may 
cause 
the 
8279 to see multiple 
changes. 


In the Scanned 
Keyboard 
mode, the character 
en- 
tered 
into the 
FIFO corresponds 
to the position 
of 
the 
switch 
in the 
keyboard 
plus the 
status 
of the 
CNTL 
and SHIFT 
lines (non-inverted). 
CNTL 
is the 
MSB of the character 
and SHIFT 
is the next most 
significant 
bit. The next three bits are from the scan 
counter 
and indicate 
the row the key was found 
in. 
The last three bits are from the column 
counter 
and 
indicate 
to which return line the key was connected. 


MSB 
LSB 
~--:SC-A-N~: 
-- 
~ETUR~ 
I 


SCANNED 
KEYBOARD 
DATA FORMAT 


In Sensor 
Matrix mode, the data on the return lines 
is entered 
directly 
in the row of the Sensor RAM that 
corresponds 
to the row in the matrix being scanned. 
Therefore, 
each 
switch 
position 
maps 
directly 
to a 
Sensor 
RAM position. 
The SHIFT 
and CNTL inputs 
are ignored 
in this mode. Note that switches 
are not 
necessarily 
the only thing that can be connected 
to 
the return 
lines in this mode. Any logic that can be 
triggered 
by the 
scan 
lines 
can 
enter 
data 
to the 
return line inputs. Eight multiplexed 
input ports could 
be tied to the return lines and scanned 
by the 8279. 


In Strobed 
Input mode, the data is also entered 
to 
the FIFO from the return 
lines. The data is entered 
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can come from another 
encoded 
keyboard 
or simple 
switch matrix. The return lines can also be used as a 
general 
purpose 
strobed 
input. 


Left Entry 


Left Entry mode is the simplest 
display format 
in that 
each display 
position 
directly 
corresponds 
to a byte 
(or nibble) 
in the 
Display 
RAM. 
Address 
0 in the 
RAM is the left-most 
display character 
and address 
15 (or address 
7 in 8 character 
display) 
is the right 
most display character. 
Entering 
characters 
from po- 
sition zero causes the display to fill from the left. The 
17th (9th) character 
is entered 
back in the left most 
position 
and filling again proceeds 
from there. 


o 
1 
14 15.-0"pl.y 
QII _--__-_-ITI 
RAM 
1st entry 
Address 


o 
1 
14 
15 


16thentry 
[28= = ==~ 


o 
1 
14 15 


17thentry ~= = = =E0 


o 
1 
14 
15 


18th entry @E[====~ 


Right Entry 


Right entry is the method 
used 
by most 
electronic 
calculators. 
The first entry is placed in the right most 
display 
character. 
The 
next entry 
is also 
placed 
in 
the right most character 
after the display 
is shifted 
left one character. 
The left most character 
is shifted 
off the end and is lost. 


inter 


1 
2 
14 15 
O_Display 


IT] 
- 
- 
- -1TT;'l RAM 
____ 
Ll.....l...:J 
Address 


2 
3 
15 
0 
1 


2nd entry ITI = = = =ITEJ 


3 
4 
0 
1 
2 


Jrdentry CTI====~ 


o 
1 
13 14 15 


16th entry Gli[ 
~==EEEJ 


1 
2 
14 15 
0 


17th entry 
ITI= == =~ 


2 
3 
15 
0 
1 


18th entry 
[!EI= ===~ 


290123-15 


Note that 
now the display 
position 
and register 
ad- 


dress 
do not correspond. 
Consequently, 
entering 
a 


character 
to an arbitrary 
position 
in the Auto 
Incre- 
ment 
mode 
may 
have 
unexpected 
results. 
Entry 
starting 
at Display 
RAM address 
0 with sequential 
entry is recommended. 


Auto Increment 


In the 
Left 
Entry mode, 
Auto 
Incrementing 
causes 


the address 
where 
the CPU will next write to be in- 
cremented 
by one and the character 
appears 
in the 
next location. 
With non-Auto 
Incrementing 
the entry 


is both to the same RAM address 
and display 
posi- 
tion. Entry to an arbitrary 
address 
in the Auto Incre- 


ment mode has no undesirable 
side effects 
and the 


result is predictable: 


01234567- 
ITIIIllJJ 


o 
1 
2 
3 
4 
5 
6 
7 
CiliITIIIIJ 
o 
1 2 3 4 567 
[ili[[[[[]] 
Command 
10010101 


Display 
RAM 
Address 


o 
1 
2 
3 
4 
567 


3rdentry 
~ 


o 
1 2 3 4 567 


4thentry 
~ 


LEFT ENTRY MODE 
(AUTO INCREMENT) 


In the Right Entry mode, Auto Incrementing 
and non 


Incrementing 
have 
the 
same 
effect 
as in the 
Left 


Entry except 
if the address 
sequence 
is interrupted. 


1 
2 
3 
4 
5 
6 
7 
0 
- 
Display 


1st entry 
ITITTTTTjl 
RAM 


~ 
Address 


2 
3 
4 
567 
0 
1 
[[[]]IEli] 


2 3 
4 
5 
6 
7 
0 
1 


[]]]]JJ2li] 
Command 
10010101 


3 
4 
5 
6 
7 
0 
1 
2 


3rd entry OETIHJ 


4 
5 
670 
1 
2 
3 


4thentry 
~ 


RIGHT ENTRY MODE 
(AUTO INCREMENT) 


• 


Starting at an arbitrary location operates as shown 
below: 


Command 
10010101 


01234567- 
DllIIIIJ 


Display 
RAM 
Address 


Enter next at Location 5 Auto Increment 


1 
2 
3 
4 
5 
6 
7 
0 


1stentry 
~ 


2 3 4 5 6 7 0 1 


2nd entry DJJ2Jill]J 


8thentry 
~ 


9thentry 
~ 


RIGHT ENTRY MODE 
(AUTO INCREMENT) 


8/16 
Character 
Display 
Formats 


If the display mode is set to an 8 character display, 
the on duty-cycle is double what it would be for a 16 
character display (e.g., 5.1 ms scan time for 8 char- 
acters vs. 10.3 ms for 16 characters with 100 kHz 
internal frequency). 


FIFO status is used in the Keyboard and Strobed 
Input modes to indicate the number of characters in 


the FIFO and to indicate whether an error has oc- 
curred. There are two types of errors possible: over- 
run and underrun. Overrun occurs when the entry of 
another character into a full FIFO is attempted. Un- 
derrun occurs when the CPU tries to read an empty 
FIFO. 


The FIFO status word also has a bit to indicate that 
the Display RAM was unavailable because a Clear 
Display or Clear All command had not completed its 
clearing operation. 


In a Sensor Matrix mode, a bit is set in the FIFO 
status word to indicate that at least one sensor clo- 
sure indication is contained in the Sensor RAM. 


In Special .Error Mode the S/E bit is showing the 
error flag and serves as an indication to whether a 
simultaneous multiple closure error has occurred. 


[ __ 
'_ 
Number 
of 
characters 
in F IF0 


- 
Error·Underrun 
Error·Overrun 
Sensor 
Closure/Error 
F lag for 


Multiple 
Closures 


Display unavailable 


8-BIT 
MICRO· 
DATA 
PROCESSOR 
BUS 
SYSTEM 


CONTROLS 
{ 


ADDRESS 
{ 
BUS 


CLOCK 


INT 


DATA 
BUS 


8 


AD 


WR 


RESET 


CS 


AO 


CLK 


lOR 
8279 
lOW 


RESET 


CS 


AO 


CLK 8 
0 
_ 
3 


8 
8 COLUMNS 


RETURN 
LINES 
8 ROWS 


DISPLAY 
CHARACTERS 
DATA 
• 


Ambient 
Temperature 
O°C to 70·C 


Storage Temperature 
- 65·C to 125·C 


Voltage 
on any Pin with 
Respect to Ground 
- 0.5V to + 7V 


Power Dissipation 
1 Watt 


,~u "vl::. 
"m, '" " IJrOUUl:lIonoala sneel. 
I ne speclll- 
cations are subject to change without notice. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings only. Operation 
beyond 
the 


"Operating 
Conditions" 
is not recommended 
and ex- 
tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


Symbol 
Parameter 
Mln 
Max 
Unit 
Test Conditions 


VIL1 
Input Low Voltage for Return Lines 
-0.5 
1.4 
V 


VIL2 
Input Low Voltage for All Others 
-0.5 
0.8 
V 


VIH1 
Input High Voltage for Return Lines 
2.2 
V 


VIH2 
Input High Voltage for All Others 
2.0 
V 


VOL 
Output Low Voltage 
0.45 
V 
(Note 1) 


VOH1 
Output High Voltage on Interrupt 
Line 
3.5 
V 
(Note 2) 


VOH2 
Other Outputs 
2.4 
I 
- 
- 400 /LA 8279-5 
OH - 
-100 
/LA 8279 


11L1 
Input Current on Shift, Control and 
+10 
/LA 
VIN = Vcc 
Return Lines 
-100 
/LA 
VIN = OV 


11L2 
Input Leakage Current on All Others 
±10 
/LA 
VIN = Vcc to OV 


IOFL 
Output Float Leakage 
±10 
/LA 
VOUT = Vcc to 0.45V 


Icc 
Power Supply Current 
120 
mA 


CIN 
Input Capacitance 
10 
pF 
fc = 1 MHz Unmeasured 


COUT 
Output Capacitance 
20 
pF 
Pins Returned 
to VSS(6) 


8279 
8279·5 
Symbol 
Parameter 
Unit 
Min 
Max 
Min 
Max 


tAR 
Address 
Stable Before READ 
50 
0 
ns 


tRA 
Address 
Hold Time for READ 
5 
0 
ns 


tRR 
READ Pulse Width 
420 
250 
ns 


tRO(4) 
Data Delay from READ 
300 
150 
ns 


tAO(4) 
Address to Data Valid 
450 
250 
ns 


tOF 
READ to Data Floating 
10 
100 
10 
100 
ns 


tRCY 
Read Cycle Time 
1 
1 
/Ls 


tAW 
Address 
Stable Before WRITE 
50 
0 
ns 


tWA 
Address 
Hold Time for WRITE 
20 
0 
ns 


inter 


8279 
8279-5 
Symbol 
Parameter 
Unit 
Min 
Max 
Min 
Max 


tww 
WRITE Pulse Width 
400 
250 
ns 


tDW 
Data Set Up Time for WRITE 
300 
150 
I 
ns 


tWD 
Data Hold Time for WRITE 
40 
0 
ns 


twCY 
Write Cycle Time 
1 
1 
/Ls 


8279 
8279·5 
Symbol 
Parameter 
Unit 


Min 
Max 
Mln 
Max 


t<f>W 
Clock Pulse Width 
230 
120 
ns 


ley 
Clock Period 
500 
320 
ns 


Keyboard 
Scan Time 
5.1 ms 


Keyboard 
Debounce 
Time 
10.3 ms 


Key Scan Time 
80 /Ls 


Display Scan Time 
10.3 ms 


NOTES: 
1. 8279, 
IOL = 1.6 mA; 8279-5, 
IOL = 2.2 mA. 


2. IOH = -100 
IJ-A 
3.8279, 
Vcc 
= +5V 
±5%; 
8279-5, 
Vcc 
= +5V 
±10% 


4.8279, 
CL = 100 pF; 8279-5, 
CL = 150 pF. 


5. The Prescaler 
should 
be programmed 
to provide 
a 10 IJ-sinternal 
clock 
cycle. 
6. Sampled 
not 100% 
tested. 
TA = 25'C . 


• For Extended 
Temperature 
EXPRESS, 
use M8279A 
electrical 
parameters. 


Digit-on Time 
480 /Ls 


Blanking Time 
160 /Ls 


Internal Clock Cycle(5) 
10 /Ls 


A.C. TESTING 
INPUT, 
OUTPUT 
WAVEFORM 


INPUT IOUTPUT 


u---v>''''_~<v- 
G.4s--A 
~ 


DEVICE 
UNDER 
TEST 
ICL = 120pF 


290123-6 
A.C. Testing: Inputs are driven at 2.4V for a Logic "1" and 0.45V 
for a Logic "0". Timing measurements are made at 2.0V for a 
Logic "1" and O.BVfor a Logic "0". 


• 
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A•• OS 
~ 


=R~ 
L-t.w--~,-, - 
.....-- 
_ 


"" 
(WRITE 
CONTROL) 
---------- 


So 


" 
I 
L 


ENCODED 
SCAN 


S, 
L 
L• 
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PRESCALER 
PROGRAMMED 
FOR 
IN- 


TERNAL 
FREQUENCY 
= 
100 
kHz 
SO 


tey 
= 'O~s 


NOTE: 
Shown 
is encoded 
scan left entry 
S2-S3 
are not shown 
but they are simply 
S1 divided 
by 2 and 4. 


82389 
MESSAGE PASSING COPROCESSOR 
A MULTIBUS® II BUS INTERFACE CONTROLLER 


• 
Highly Integrated 
VLSI Device 
- 
Single-Chip 
Interface 
for the Parallel 
System 
Bus (IEEE 1296) 
-Interrupt 
Handling/Bus 
Arbitration 
Functions 
. 


- 
Dual-Buffer 
Input and Output 
DMA 
Capabilities 
- 
Nine 32-Byte 
High Speed FIFOs 


• 
Multiple 
Interface 
Support 
- 
Complete 
Protocol 
Support 
of the 
PSB Bus (Message 
Passing) 
- 
Processor 
Independent 
Interface 
(8-, 16-, or 32-Bit CPU) 
- 
Low-Cost 
8-Bit Microcontroller 
Interface 
- 
Dual-Port 
Memory 
Interface 


• 
High Performance 
Coprocessing 
Functions 
- 
Offloads 
CPU for Communication 
and Bus Interfacing 
- 
40 Megabytes/see 
Burst Transfer 
Speed 
- 
Optimized 
for Real-Time 
Response 
(Max. 900 ns for 32-Byte 
Interrupt 
Packet) 


• 
CMOS Technology 


• 
149-Pin PGA Package 
(15 x 15 Grid) 


The MPC 82389 
is a highly integrated 
VLSI device 
that maximizes 
the performance 
of a Multibus® 
II based 
multiprocessor 
system. 
It integrates 
the functions 
of bus arbitration, 
data transmit 
packetizing, 
error handling 
and interrupt 
control. 
Because 
of these 
integrated 
functions, 
the host CPU can be off loaded 
to utilize 
the 
maximum 
bus performance 
and subsequently 
increase 
the system throughput. 
The MPC 82389 also supports 
geographic 
addressing 
by providing 
access 
to the local interconnect 
registers 
for reference 
and control. 


The MPC 82389 
is designed 
to interface 
with an 8-, 16-, or 32-bit processor. 
The Parallel System 
Bus (PSB) 
performance 
is not affected 
by the CPU buswidth 
or bandwidth. 
The data on the PSB is burst transferred 
at the 
maximum 
bus speed 
of 40 Megabytes/second 
regardless 
of CPU bus performance. 
Such 
performance 
is 
possible 
due to decoupling 
of the CPU from the PSB. 


This data 
sheet 
is supplemented 
by a MPC User's 
Manual, 
Intel literature 
number 
176526-002. 
The MPC 
User's 
Manual 
provides 
detailed 
information 
regarding 
hardware 
and software 
board 
design 
information. 
In 
addition, 
the IEEE 1296 specification 
can provide 
more information 
regarding 
the MUL TIBUS 
II bus architec- 
ture. 
U 
LOCAL 
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RESOURCES 
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The 82389 Message Passing Coprocessor (MPC) is 
a highly integrated CMOS VLSI device which inter- 
faces any microprocessor to the MULTIBUS II Paral- 
lel System Bus (PSB). The PSB is defined for easy 
access and sharing of resources in a processing en- 
vironment which allows the existence of both intelli- 
gent and non-intelligent add-in boards. The MPC 
complements the MULTIBUS II environment by pro- 
viding an optimized interface for the PSB at its maxi- 
mum bandwidth. The MPC also offloads the host 
CPU, thus increasing system throughput, by provid- 
ing the necessary bus arbitration, message passing 
protocol, error handling and interrupt control for a 
MULTIBUS II system. Figure 1-1 shows an example 
of the MPC's message passing performance. 


The MPC 82389 is a bus interface controller which 
offloads the host CPU for interprocessor communi- 
cation on the PSB. The MPC 82389 features four 
interfaces which support a variety of data transfer 
operations. 


The three primary interfaces to the MPC (PSB Inter- 
face, Host CPU Interface and Interconnect Inter- 
face) all function asynchronously to one another. 
This is accomplished through the use of internal 
latches and FIFOs that allow references to occur 
simultaneously on all interfaces. In addition to the 
three primary interfaces, the MPC contains a Dual- 
Port Interface which provides compatibility with past 
system implementations and software. 


The PSB Interface is the synchronized, shared data 
pathway in the MULTIBUS II system. 


-Host 
CPU Interface 
The Host CPU Interface is a set of addressable reg- 
isters and ports that is the private pathway for the 
local microprocessor on the MULTIBUS II board. 


-Interconnect 
Interface 
The Interconnect Interface provides a path for add- 
ed board functionality that is independent from the 
host CPU. 


-Dual-Port 
Interface 
The Dual-Port Interface supports shared memory 
references. 


-Unsolicited 
and Solicited Message Passing 
The unsolicited and solicited message passing pro- 
tocol is an interprocessor communication protocol 
which allows an intelligent agent" on the PSB to 
communicate with another agent without any CPU 
intervention at full PSB speed. 


-PSB 
Memory and I/O Single Cycle Access 
The MPC performs single cycle read/write transfers 
from the host to memory and I/O locations across 
the PSB. The MPC handles bus arbitration, parity 
generation and error detection without CPU inter- 
vention. 


-Local 
Interconnect Access 
The host CPU and other agents on the PSB can 
access local interconnect space via the MPC. 


"An agent is any device with an interface to the 
PSB. 


PSB 
BUS 


20 MBYTES/SEC 
SINGLE 
CYCLE 
40 MBYTES/SEC 
BURST 
32 MBYTES/SEC 
FOR MESSAGES 
(32 
BYTES 
IN 10 CLOCKS) 


Figure 1-1. Message 
Passing Performance 
Example 


3-232 


-Remote 
Interconnect 
Access 


The MPC enables 
the host CPU to access 
remote 


interconnect 
locations 
assigned 
to 
other 
PSB 
agents. 


-Dual-Port 
Memory 
Access 
Support 
Other PSB agents 
can access dual-port 
memory 
via 


the MPC. 


-Central 
Services 
Module 
(CSM) support 
The MPC has a minimal 
set of built-in CSM support 


features 
which 
allow 
the 
CSM to be incorporated 
into any MUL TIBUS 
II board design. 


The MUL TIBUS 
II architecture 
designates 
the data 


transfer 
protocol 
between 
agents 
on the 
PSB 
as 


message 
passing. 
Message 
passing 
allows 
agents 


to transfer 
variable 
amounts 
of data 
at maximum 


PSB speed. The MPC fully supports 
the PSB's stan- 


dardized 
message 
passing 
protocol. 
The 
entire 


handshaking 
procedure 
between 
agents on the PSB 


is handled 
by the MPC without 
CPU intervention. 


There are two types of messages 
that can be trans- 


mitted 
from one agent to another: 
Unsolicited 
Mes- 


sages and Solicited 
Messages. 


Unsolicited 
messages 
are short. 
fixed-length 
mes- 
sages 
that 
can 
arrive 
unexpectedly. 
Unsolicited 


messages 
can be transmitted 
without 
explicit 
buffer 


allocation 
and 
without 
synchronization 
between 


sending 
and receiving 
agents 
on the PSB. Unsolicit- 


ed messages 
are often 
referred 
to as intelligent 
or 


virtual interrupts, 
since they can be used as a signal- 


ing mechanism 
between 
boards. 
replacing 
tradition- 


al system 
interrupts 
and freeing 
the CPU from hav- 


ing to poll 
for 
information. 
In addition. 
unsolicited 


messages 
allow for up to 28 bytes of user data. 


Solicited 
messages 
are 
used 
to 
transfer 
large 


amounts 
of data. 
Up to 16 Mbytes 
(less 
1 byte) of 


data can be transferred 
in a single solicited 
message 


transmission 
sequence. 
Solicited 
message 
transfers 


require 
the 
receiving 
agent 
to explicitly 
allocate 
a 


buffer. 
Buffer 
negotiation 
between 
sending 
and re- 


ceiving 
agents 
is handled 
using 
unsolicited 
mes- 


sages as follows: 


- 
A buffer 
request 
message 
initiates 
a solicited 


message 
transfer. 
It requests 
the receiving 
agent 


to allocate 
a buffer large enough 
to hold the so- 


licited data. 


- 
A buffer grant message 
must be returned 
by the 


receiving 
agent before 
the solicited 
data can be 


transferred. 
The buffer grant informs the sending 


agent's 
MPC that 
a buffer 
has been 
allocated 


and indicates 
that the receiving 
agent's 
MPC is 


. ready to begin the data transfer. 


- 
A buffer 
reject 
message 
is returned 
by the 
re- 
• 


ceiving 
agent 
if a buffer 
for the 
solicited 
data 


cannot 
be provided. 
In this case, the rejection 
is 


final, and no further 
action 
is required. 


If a DMA controller 
handles 
the solicited 
message 


transfer, 
DMA controller 
setup is also needed. 
Typi- 


cally, the sending agent programs 
its DMA controller 


immediately 
before 
sending 
a buffer 
request. 
and 


the receiving 
agent programs 
its DMA controller 
im- 


mediately 
before 
sending 
a buffer grant. 


Once 
solicited 
buffer 
negotiation 
is complete 
(the 


sending 
agent's 
MPC has received 
a buffer 
grant). 


the agents transfer 
the data without further 
interven- 


tion. The data is sent as a series of solicited 
packets 


on the sending agent's 
local bus. The MPCs perform 


transfer 
and routing 
across 
the 
PSB automatically. 


At the end 
of the solicited 
data transfer, 
both 
the 


sending 
and receiving 
agents 
get a completion 
indi- 


cation from their local MPC. 


The MPC 82389 features 
a total of 4 interfaces. 
The 


three primary interfaces 
are the Host CPU Interface, 


PSB Interface 
and the 
Interconnect 
Interface. 
The 


MPC also has a Dual-Port 
Memory 
Interface 
which 


provides 
compatibility 
with past system 
implementa- 


tions and software. 
Figure 3-1 shows 
the four MPC 


bus interfaces. 


inter 


The Host CPU Interface connects an 8-, 16-, or 32- 
bit processor to the MPC. The Host CPU Interface 
supports direct references to memory, 1/0, and in- 
terconnect address space on the PSB. The entire 
Host CPU Interface is composed of three sub-inter- 
faces: Register Sub-Interface, Reference Sub-Inter- 
face and DMA Sub-Interface. 


-Register 
Sub-Interface 
The Register Sub-Interface is composed of a bank 
of 8-bit registers on the Host CPU Interface. These 
registers provide the configuration, status and com- 
mand interface for the host CPU. A host register op- 
eration is independent from operations which may 
be in progress at the MPC's other interfaces. How- 
ever, some host register operations are dependent 
on the internal state of the MPC. In host register 
operations, the maximum duration is decided by the 
strobe width. Thus, the number of wait states re- 
quired at the local interface is under the control of 
the host CPU. 


-Reference 
Sub-Interface 
The Reference Sub-Interface supports direct refer- 
ences to memory, 1/0, 
and interconnect address 
space on the PSB. Memory and 1/0 references are 
initiated by the CPU to the MPC.The MPC responds 


to a memory or 1/0 reference by putting the CPU on 
hold while arbitrating for the PSB.The CPU is held in 
wait states until the reference is complete or until a 
bus exception condition occurs on the PSB. The 
Reference Sub-Interface supports both read and 
write operations to the registers. The local intercon- 
nect address space is differentiated from the inter- 
connect address on the PSB by the bit pattern 
stored in the MPC's slot address register. 


-DMA 
Sub-Interface 
The DMA Sub-Interface supports data transfers be- 
tween the local memory and the MPC during solicit- 
ed message operations. The DMA Interface is de- 
signed to support either two-cycle or fly-by (single- 
cycle) readlwrite 
transfers. For two-cycle opera- 


tions, the DMA controller performs one cycle into 
memory and another cycle to the MPC; a read com- 
mand is used to get data from the MPC and a write 
command is used to put data into the MPC. Fly-by 
operations allow data to be transferred during a sin- 
gle bus cycle; a fly-by transfer will use a write com- 
mand to get data from the MPC (corresponding to a 
memory write) and a read command to put data into 
the MPC (corresponding to a memory read). The 
higher performance possible with fly-by transfers 
mandates the alignment of data on 4-byte bounda- 
ries. 


inter 


3.2 
Parallel System Bus Interface 


The Parallel System Bus (PSB) Interface is a full 32- 
bit interface to other boards in the MULTIBUS II 
chassis. The PSB Interface supports PSB arbitra- 
tion, data transfer and error handling. 


-Parallel 
System Bus Arbitration 


The MPC begins PSB access arbitration upon a re- 
quest which is generated inside the MPC. This re- 
quest could be the result of a synchronized PSB 
memory, I/O or interconnect reference/request' or a 
message packet transmit request from the CPU. 


-Data 
Transfer 
The PSB Interface contains all the address/data 
lines and necessary control signals for data transfer. 
These control signals provide the control mecha- 
nism between agents during transfer operations. 


-Error 
Handling 


The MPC monitors errors generated during data 
transfer operations. The MPC recognizes data integ- 
rity problems on the PSB and bus timeout condi- 
tions. 


The Interconnect Interface is an independent 8-bit 
communication interface which allows the MPC to 


be connected to a microcontroller. (It is highly rec- 
ommended that an 8051 or similar microcontroller 
be used on the Interconnect Interface.) This micro- 
controller will perform tasks such as board configu- 
ration at startup and local diagnostics. 


The interconnect space of an agent is the only re- 
quired bus space by the IEEE 1296 specification and 
has a 512-byte register range. Within this space the 
microcontroller can store the local operating and 
configuration parameters associated with the agent. 
For example, local diagnostics can be executed out 
of the microcontroller and the results posted in the 
interconnect space. 


Local resources on an agent gain access to inter- 
connect space through the MPC's interconnect bus. 
A microcontroller connects to the interconnect bus 
for intelligent handling of interconnect operations. 
All interconnect bus signals are asynchronous to the 
bus clock and to the local bus signals. 


3.4 
Basic Implementation 
with the 


MPC 82389 


Figure 3-2 shows a basic implementation of the 
MPC 82389. Included in this implementation is the 
Interconnect Interface, the Host CPU Interface and 
the PSB Interface. 
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The 
Dual-Port 
Interface 
supports 
shared 
memory 
accesses 
between 
agents 
on the 
PSB. In order 
to fully 
implement 
dual-port 
memory, 
some additional 
dual-port 
memory 
controller 
logic is required. 
Figure 3-3 shows 
an example 
of the MPC implemented 
with dual-port 
memory. 
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The primary 
function 
of the MPC 82389 
is MUL TI- 
BUS 
II message 
passing. 
In addition 
to 
message 
passing, 
the MPC performs 
the following 
functions: 


Memory 
and I/O Reference 


Local Interconnect 
Reference 


Remote 
Interconnect 
Reference 


Interconnect 
Replier Operations 


Dual-Port 
Replier Operations 


- 
Central 
Services 
Module 
Support 


The MPC manages 
the routing 
of message 
packets 
as they flow between 
the interfaces 
of each MUL TI- 
BUS II agent 
in the system. 
For message 
traffic 
on 
the 
PSB, message 
decode 
logic on the 
PSB input 
bus determines 
message 
routing 
through 
the MPC. 
For the Host CPU Interface 
and Interconnect 
Inter- 
face, the MPC defines 
a signal protocol 
for message 
passing. 
. 


MUL TIBUS II messages, 
both unsolicited 
and solicit- 
ed, are transferred 
through 
nine dedicated 
internal 


FIFO buffers 
between 
the Host CPU Interface 
and 
PSB Interface. 
Unsolicited 
messages 
are intelligent 
(also called virtual) interrupts 
which notify the receiv- 
ing agent to prepare for the receipt of solicited 
mes- 
sages. 
Unsolicited 
messages 
use the Transmit/Er- 
ror FIFO and the Receive 
FIFO. The Transmit 
FIFO 
holds 
a 32-byte 
packet 
for transmittal 
across 
the 
PSB. If there is an error in transmission: 
the Transmit 
FIFO 
becomes 
the 
Error 
FIFO, 
where 
the 
errant 
message 
can be read back along with error status. 


The Receive 
FIFO is a circular queue of four 32-byte 
buffers 
from 
which 
unsolicited 
messages 
are 
re- 


ceived from the PSB by the host CPU. 


Solicited 
messages 
consist 
of 
information 
data 
packets 
which 
are transmitted 
between 
agents. 
So- 
licited 
messages 
use the Solicited 
Input 
FIFO and 
Solicited 
Output 
FIFO. 
These 
FIFOs 
are dual 
32- 


byte buffers 
which 
are used for the temporary 
stor- 
age of solicited 
data packets 
as they travel between 
the Host CPU Interface 
and the PSB Interface. 
The 
solicited 
output 
header 
logic attaches 
header 
infor- 
mation to the solicited 
data packet 
before sending 
it 
onto the 
PSB. All FIFOs 
are able to operate 
inde- 
pendently 
and concurrently, 
thus creating a true mul- 
titasking 
message 
passing 
environment. 
Figure 
4-1 
shows the nine dedicated 
internal 
FIFO buffers. 


t Host 
CPU 
Bus 


4.1.1 UNSOLICITED 
TRANSMIT IRECEIVE 


Unsolicited 
message 
passing 
sequences 
occur 
be- 
tween the Host CPU Interface 
and the PSB Interface 
using 
FIFOs 
internal 
to 
the 
MPC. 
FIFO 
status 
is 
available 
on the Host CPU Interface 
and in state ma- 
chines 
internal 
to the MPC. On the Host CPU Inter- 
face, 
host 
register 
operations 
write 
bytes 
to 
~he 
Transmit 
FIFO 
and 
read 
bytes 
from 
the 
Receive 
FIFO. On the PSB, the MPC manages 
the emptying 
and filling of the Transmit 
and Receive 
FIFOs using 
MUL TIBUS 
II message 
passing 
protocol 
and 
the 
Transmit 
and 
Receive 
FIFOs 
on 
another 
agent's 
MPC. For detailed 
information 
about message 
pass- 
ing protocol 
across 
the 
PSB, 
see 
the IEEE 1296 
High 
Performance 
Synchronous 
32-blf 
Bus 
Standard. 


4.1.2 SOLICITED 
INPUTIOUTPUT 


Solicited 
transfers 
are pre-negotiated 
using unsolicit- 
ed message 
sequences. 
Dedicated 
FIFOs (Solicited 
Input FIFO and Solicited 
Output FIFO) are then used 
for the transfer 
of solicited 
data packets. 
ThiS allows 
large amounts 
of data to be moved 
between 
agents 
independently 
of unsolicited 
messages. 
In most cas- 
es 
the solicited 
transfer 
occurs 
under DMA control, 
fr~eing 
the host CPU to handle 
other activities. 
The 
DMA 
controller 
uses 
the 
input 
channel 
DMA 
re- 
quest/acknowledge 
and 
output 
channel 
DMA 
re- 
quest/acknowledge 
signals 
along 
with 
the 
readl 
write signal to stream the data fromlto 
the soliCited 
FIFOs. On the PSB, the data is transferred 
in bursts 
using 
MUL TIBUS 
II message 
passing 
protocol 
and 
similar solicited 
FIFOs on another 
agent's 
MPC. The 
MPCs add header information 
to the packets 
on the 
PSB, indicating 
source, 
destination 
and length. 
Data 
transfers 
through 
the solicited 
FIFOs can be set up 
for 8, 16 or 32 bits of data width on the Host CPU 
Interface, 
but occur at full 32-bit width on the PSB. 


Remote 
memory 
or I/O 
reference 
operations 
are 
Host CPU 
Interface 
operations 
that 
involve 
an ac- 
cess through the MPC to a resource 
across the PSB. 


This resource 
can be a dumb memory 
or 1/0 board. 
The remote 
reference 
can only be done through 
the 
MPC as a single cycle operation 
(no block transfers) 
to the remote 
resource 
and can involve an unknown 
number 
of 
wait 
states. 
Many 
MUL TIBUS 
II CPU 
boards 
use an alternate 
path (such as the iLBXTM 
bus found on Intel iSBC@ boards) that is an indepen- 
dent 
extension 
of the 
local 
bus for full-speed 
and 
block transfer 
operations. 


The host CPU initiates a memory or 1/0 reference 
by 
activating 
memory 
select 
(MEMSEL t) or~O 
select 
(IOSEL), 
A<5-2>, 
BE<3-0>, 
with 
a RD or WR 
strobe. 
If necessary, 
LOCK 
is activated 
to 
allow 


back-to-back 
accesses 
across 
the PSB, holding 
all 
other 
agents 
off the memory 
or I/O 
resource. 
The 
MPC activates 
its WAIT output 
to indicate 
that the 
operation 
is in progress. 


The data for reference 
operation 
proceeds 
through 
the MPC and PSB to a memory 
or 1/0 address 
on 
another 
agent. A data path from 0<31-0> 
through 
the 
buffered 
addressldata 
bus 
(BAD<31-0» 
is 
used for the data transfer. 
Data is latched 
internally 
in a reference 
data latch. Parity is generated 
to the 
PSB on BPAR 
<3-0> 
for the data on each write 
operation 
and checked 
on data read. Complet!on 
of 
the operation 
is indicated 
when the MPC deactivates 
the WAIT output. 


The memory or I/O address for the reference 
opera- 
tion is routed 
around 
the MPC through 
an external 
reference 
address 
latch. This latch 
is controlled 
by 
the REFADR 
signal from the MPC. 


A local 
interconnect 
reference 
operation 
is an ac- 
cess 
by the 
host CPU to the interconnect 
records 
maintained 
by the local interconnect 
microcontroller. 


The 
geographic 
interconnect 
address 
is preloaded 
into a pair of registers 
internal 
to the MPC. The ~p- 
per 
5 bits 
of the 
interconnect 
address 
determine 
whether 
the operation 
is local or remote. A data path 
from 
0 < 7-0 > 
to 
the 
interconnect 
addressl 
data 
bus (lAD < 7-0» 
is used. The microcontroller 
uses 
the interconnect 
request 
(IREO) output to sense the 
request. 
The request 
is serviced 
by the interconnect 
microcontroller 
through 
a sequence 
of accesses 
to 
registers 
within the MPC using the interconnect 
ad- 
dress strobe (lAST), interconnect 
read (IRD), and In- 
terconnect 
write 
(IWR) strobes, 
and the 
lAD multi- 
plexed bus. The WAIT signal is used as for memory 
and 1/0 references 
to indicate 
completion 
of the lo- 
cal interconnect 
reference 
operation. 


A remote interconnect 
reference 
is an access 
by the 
host CPU to interconnect 
space 
on another 
agent. 


The host CPU requests 
a remote 
interconnect 
refer- 
ence 
by writing 
the 
interconnect 
address 
to 
the 
same register used in the local interconnect 
request, 
except 
that the upper 5 bits of the interconnect 
ad- 
dress indicate 
the slot address 
of another 
agent on 
the PSB. The data flows 
through 
the MPC as in a 
remote 
memory 
or 1/0 
reference, 
except 
that 
the 
data transfer 
occurs 
only on 0 < 7-0>. 
The remote 
microcontroller 
services 
the request 
through 
an in- 
terconnect 
replier operation. 


When 
another 
agent 
performs 
a remote 
intercon- 
nect reference 
request, 
it gains access to local inter- 
connect 
space through 
the MPC. The MPC decodes 
an interconnect 
request 
on the 
PSB for a slot 
10 
match 
and signals 
the interconnect 
microcontroller 
independently 
of the local bus interface. 
The micro- 
controller 
then handles the request 
in the same way 
as a local interconnect 
request. 


Other 
agents 
can access 
dual-port 
memory 
via the 
MPC. A memory 
access 
request 
on the PSB is de- 
coded 
by the MPC for an address 
range match and 
serviced 
by the dual-port 
controller 
(external 
circuitry 
must be provided). 
The MPC provides 
only the hand- 
shaking 
path. 
Data transfer 
occurs 
directly 
on the 
BAD bus. If a bus exception 
occurs while a dual-port 
memory 
reference 
is in progress, 
the MPC will signal 
the dual-port 
controller 
to terminate 
the operation. 


4.7 Central Services Modular Support 


The 
IEEE 
1296 specification 
defines 
the 
Central 
Services 
Module 
(CSM) that 
resides 
in Slot 0 of a 
MUL TIBUS 
II system. 
The 
CSM is responsible 
for 
these functions: 


- 
reset sequencing 
(generates 
reset signal on the 
PSB) 


- 
assignment 
of card slot and arbitration 
IDs during 
reset initialization 


- 
generation 
of system 
wide clocks 
for all agents 
(bus clocks 
and time of day) 


- 
generation 
of bus timeout 


- 
battery 
back-up 
of system 
constants 
(host 
10, 
time of day, etc.) 


The MPC has a minimal 
set of built-in CSM support 
features 
that allow the incorporation 
of CSM into any 
MUL TIBUS 
II board design. 
The MPC, interconnect 
microcontroller, 
and a small amount 
of external 
cir- 
cuitry 
can 
fully 
implement 
the 
CSM 
automatically 
when the board is inserted 
into Card Slot O. 


In addition 
to the 
interconnect 
microcontroller 
and 
the MPC, the following 
functions 
must be provided 
through 
external 
logic: 


- 
clock generation 


- 
PSB reset generation 


- 
cold/warm 
start detection 


- 
PSB timeout 
generation 


The clock generator 
provides 
the bus clock 
(BCLK) 
and central 
clock 
(CCLK) 
signals 
to the 
PSB. The 
reset 
generator 
provides 
the 
hardware 
reset 
line 
(RESET) 
to all agents 
on the PSB. Cold/warm 
start 
detection 
circuitry 
distinguishes 
between 
a power-up 
reset and a warm-start 
reset; on power-up 
the CSM 
assigns 
arbitration 
and 
slot 
IDs. The 
PSB timeout 
function 
determines 
when the PSB is hung. 


See the MPC User's Manual 
(Intel literature 
number 
176526-002) 
and 
the 
CSM\002 
Hardware 
Refer- 
ence 
Manual 
(Intel 
literature 
number 
459706-001) 
for more information 
about the CSM. 


This section 
describes 
each signal 
pin (or group 
of 
pins) on the MPC. Emphasis 
is placed 
on giving as 
much 
information 
as possible 
to ease 
the 
task 
of 
designing 
hardware 
associated 
with the MPC signal 
pins. The pins are described 
in terms of these func- 
tional groups: 


• 
PSB interface 


• 
local bus (host CPU) interface 


• 
dual-port 
memory 
control 


• 
interconnect 
bus interface 


The 
PSB 
signals 
provide 
the 
interface 
to 
other 
boards 
in the MUL TIBUS 
II chassis. 
Very little sup- 
port circuitry 
is required 
for this part of the 
board. 
Only 
high-current 
drivers 
and reset 
control 
logic 
is 
needed. 
Some 
MPC signal 
pins have 
built-in 
open 
collector 
high-current 
drivers 
that 
allow 
connection 
directly 
to the PSB. For complete 
information 
on the 
PSB, see the IEEE 1296 High Performance 
Synchro- 
nous 32-bit Bus Standard 
document. 


PSB signals fall into five groups, depending 
on func- 
tion: 


• 
arbitration 
operation 
signal group 


• 
address/ data bus signal group 


• 
system 
control 
signal group 


• 
central 
control 
signal group 


• 
exception 
operation 
signal group 


Unless 
otherwise 
stated, 
all PSB signals 
are syn- 
chronous 
to the bus clock. 
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. NOTE: 
High current drivers used to drive the buffered ad- 
dress/data 
(BAD) bus should be controlled with 


minimal logic. This is to limit propagation delays 
and avoid possible bus contention problems. En- 
sure that the placement of these drivers and the 
MPC is done as close to the PSB (the P1 connec- 
tor on a MULTIBUS II board) as possible to mini- 
mize signal stub lengths and capacitive loading. 


5.1.1 ARBITRATION OPERATION SIGNAL 
GROUP 


These MPC pins are used by an agent to obtain ex- 
clusive access to the PSB. They are all high-current 
drive, open-collector signals. Below is a description 
of each signal. 


BREQ (Bus 
Request). 
BREQ is a bidirectional 
open-collector signal that connects directly to the 
PSB. As an input to the MPC, it indicates that agents 
are awaiting access to the bus. As an output, the 
MPC asserts BREQ to request PSB access. 


ARB<5-0> 
(Arbitration). 
ARB<5-0> 
are bidi- 


rectional, open-collector signals that connect direct- 
ly to the PSB. ARB<5-0> 
are used (during normal 
operation) to identify the mode and arbitration priori- 
ty of an agent during an arbitration cycle. During sys- 
tem initialization (while reset is active), the central 
services module (CSM)drives these signals to initial- 
ize slot and arbitration IDs. 


5.1.2 ADDRESS/DATA BUS SIGNAL GROUP 


This signal group includes a 32-bit multiplexed ad- 
d~ess/data path (BAD< 31-0» 
and the byte parity 


signals (BPAR<3-0». 
These signals require buff- 
ering through bus transceivers before connection to 
the PSB. This signal group also includes the bus 
transceiver control signals (ADDIR and REFADR). 


BAD<31-0> 
(Buffered 
Address/Data). 
BAD<31-0> 
are the 32 bidirectional, multiplexed 


address/ data signals that provide the intertace to 
the PSB address/data 
bus (AD) when buffered 


through 74F245 or equivalent bus transceivers. 


NOTE: 
Do not use pull-up resistors to drive the BAD bus 
high. If pull-up resistors are present, the MPC can- 
not guarantee valid logic states with proper timing. 


BPAR<3-0> 
(Buffered 
Parity). 
BPAR are four 


signals that provide parity for the 32-bit BAD bus. 
These 
bidirectional 
lines 
connect 
to 
the 
PSB 


PAR<3-0> 
signals through a 74F245 or equivalent 


transceiver. These signals are used to receive byte 
parity for incoming data and to drive byte parity for 
outgoing data. 


ADDIR (Address/Data 
Direction). 
ADDIR is an 


output that provides direction control over the bus 
transceivers 
buffering 
the 
BAD<31-0> 
and 


BPAR<3-0> 
signals. In the high state, this signal 


causes the transceivers to drive address/data infor- 
mation along with parity onto the PSB. In the low 
state, this signal causes address/data information 
and parity to be received from the PSB. 


REFADR (Reference Address 
Enable). REFADR • 


is an output used to enable external reference ad- 
dress buffers during reference operations. Asserting 
this signal places the reference address onto the 
BAD bus. The address path enabled by this signal is 
only used for memory and I/O reference operations 
to the PSB. It is not used during message passing or 
for PSB references to interconnect space. 


The system control signal group on the PSB pro- 
vides a control mechanism between agents during 
transfer operations. 


BSC<9-0> 
(Buffered 
System 
Control). 
BSC 


<9-0> 
is a group of ten bidirectional signals that 


connect to the PSB through 74F245 or equivalent 
transceivers. Agents on the PSB use these signals 
for commands or status, depending on the phase of 
the operation. The function of each of these lines 
during request and reply phases of transfer opera- 
tions is summarized in Table 5-1. 
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Signal 
Request 
Phase 
Reply 
Phase 


BSCO 
Bus Owner in Request 
Phase 
Bus Owner in Reply Phase 


BSC1 
LOCK 
LOCK 


BSC2 
Data Width 
End-of- Transfer 


BSC3 
Data Width 
Bus Owner Ready 


BSC4 
Address 
Space 
Replying Agent Ready 


BSC5 
Address 
Space 
Agent Status 


BSC6 
Read/Write 
Data Transfer 
Agent Status 


BSC7 
Reserved 
Agent Status 


BSC8 
Even Parity on BSC<7-4> 
Even Parity on BSC < 7 -4 > 


BSC9 
Even Parity on BSC<3-0> 
Even Parity on BSC<3-0> 


NOTE: 
The end-of-transfer 
(EOT) handshake 
in single-cycle 
operations 
is indicated 
by BSC<4,3,2> 
as follows: 
the requesting 
MPC 
drives 
BSC<3,2> 
and waits for the replier to drive BSC4; when 
the replier 
responds, 
the EOT handshake 
is complete. 


SCDIR < 1,0> 
(System 
Control 
Direction). 
SCDI R < 1,0> 
are output 
signals 
that provide 
direc- 
tion control 
of the 74F245 
transceivers 
driving 
and 
receiving 
BSC<9-0>. 
SCDIRO provides 
control 
for 
BSC<9,3-0>, 
while 
SCDIR 
1 provides 
control 
for 
BSC<8-4>. 
When 
either 
signal 
is high, 
the 
bus 
transceiver 
drives BSC signals onto the PSB. When 
either 
signal 
is low, signals 
on the PSB are driven 
onto the BSe lines. 


The central 
control 
signal group provides 
bus status 
and control 
information 
for devices 
operating 
on the 
PSB. The CSM, residing in slot 0 of the MUL TIBUS II 
backplane, 
generates 
BCLK, LACHn, and RESET. 


BBCLK 
(Buffered 
Bus Clock). 
BBCLK 
is received 
by the 
MPC to synchronize 
all operations 
on the 
PSB. This input should 
be connected 
to BCLK 
(on 
the PSB) using a 74AS1804 
or equivalent 
inverting 
buffer. The falling edge of BCLK provides 
all system 


timing references. 
BBCLK normally 
has a fixed oper- 
ating frequency 
of 10 MHz. 


NOTE: 
BCLK can be varied 
from 
DC to 10 MHz. You may 
use this feature 
for single-stepping 
on the PSB dur- 
ing debugging. 


LACHn 
(10 Latch). 
LACHn 
is an input signal 
used 
during initialization 
of slot and arbitration 
IDs (where 
"n" 
is the slot number). 
When 
the RESET 
signal 
is 
active, LACHn indicates 
when a slot or arbitration 
10 
is available 
and should 
be latched. 
LACHn is an ac- 
tive 
high 
input 
and 
should 
be 
connected 
to 
the 
LACHn signal on the PSB with a 74AS1804 
or equiv- 
alent inverting 
buffer. 


RESET. 
Reset is an input that places 
the MPC in a 
known 
state. 
Only 
the 
parts 
of the 
MPC involved 
with 
initialization 
of slot and arbitration 
IDs remain 
unaffected. 
RESET 
is 
an 
active 
high 
input 
and 
should 
be connected 
to the RST signal on the PSB 
with a 74AS1804 
or equivalent 
inverting 
buffer. 


If the 
MPC is used 
in a CSM 
implementation, 
the 
interconnect 
microcontroller 
and some external 
logic 
controls 
RESET. 
On power 
up, the CSM generates 
the 
RESET 
signal 
to the 
backplane. 
Within 
a few 
clock cycles, 
receiving 
MPCs complete 
their internal 
reset. Table 5-2 summarizes 
the states 
of MPC sig- 
nal outputs 
while the RESET signal is active. 
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Signal 
Reset State 
Signal 
Reset State 


BREQ 
Z(H) 
ARB<S-O> 
Z(H) 


BAD<31 
0> 
Z 
0<31-0> 
Z 


ADDIR 
L 
SEL 
H 


REFADR 
H 
WAIT 
H 


BSC<9 
0> 
Z 
ODREQ, 
IDREQ 
L 


SCDIR<1,0> 
L 
MINT, EINT 
L 


BUSERR 
Z(H) 
RSTNC 
L 


NOTE: 
H = Electrical 
high state. 


L = Electrical 
low state. 
Z = High impedance 
(tri-state). 


RSTNC (Reset 
Not Complete). 
Agents 
assert 
RSTNC 
during 
reset to extend 
the initialization 
time 
period beyond 
the time that RESET allows. 
RSTNC 
is a bidirectional 
OR-tied 
signal 
on the PSB that IS 
low when 
one or more agents 
have not completed 


their reset requirements. 
Agents cannot 
perform 
bus 


operations 
while 
RSTNC 
is 
asserted. 
However, 
agents 
may access 
local interconnect 
space 
if your 


firmware 
implementation 
allows 
such 
access. 


RSTNC is an open-collector 
signal with high-current 
drive that connects 
directly 
to the PSB. 


5.1.5 Exception Operation Signal Group 


The exception 
operation 
signal 
group 
indicates 
ex- 


ception 
errors on the PSB. 


BUSERR (Bus Error). The 
MPC asserts 
BUSERR 
when a data integrity 
problem 
on the PSB is detect- 
ed during 
a transfer 
operation. 
Possible 
problems 
are: detection 
of a parity 
error 
on the BAD bus or 
BSC lines, 
or a protocol 
error 
associated 
with 
the 
BSC lines. BUSERR 
is a bidirectional, 
open-collector 
signal with high current 
drive that connects 
directly 
to the PSB. 


TIMOUT (Timeout). TIMOUT, 
as an input from the 
PSB, is used to detect 
a bus timeout 
condition. 
The 


CSM activates 
this signal when it determines 
that an 


agent is taking too much time asserting 
a handshake 
signal, or if a bus owner has maintained 
bus owner- 


ship 
for 
an 
excessive 
length 
of 
time. 
The 
exact 
amount 
of time 
is a fixed 
value 
relative 
to BBCLK 


that 
is approximately 
10,000 
clock 
cycles 
(1 ms 
@ 


10 MHz). TIMOUT 
is an active high input to the MPC 
and must be connected 
to the TIMOUT 
signal of the 
PSB 
through 
a 74AS1804 
or equivalent 
inverting 
buffer. 
. 


When 
the 
MPC 
is configured 
for 
CSM 
operation, 


TIMOUT 
becomes 
an output, generating 
the timeout 


condition 
to all agents 
on the PSB. In this case, the 3 


TIMOUT 
pin should 
be connected 
to the PSB by a 


74F242 
driver or equivalent. 


5.2 
Dual-Port Memory Control Signals 


The MPC provides 
these 
signals 
(SEL, COM, ERR) 


to support 
dual-port 
memory. 
In order to fully imple- 


ment 
dual-port 
memory, 
some 
additional 
dual-port 


memory 
controller 
logic is required. 


SEL (Select). The SEL output 
indicates 
that. a. dual- 


port 
memory 
access 
is in progress. 
SEL 
Initiates 


dual-port 
operations 
and may be used to enable the 


dual-port 
data buffers 
onto the BAD bus. When the 


MPC receives 
the 
EOT handshake, 
or if the 
MPC 


detects 
an exception, 
it deactivates 
SEL. 


COM (Complete). COM is an input to the MPC. The 
dual-port 
memory controller 
asserts COM to indicate 


completion 
of a dual-port 
access. 
COM is assumed 


to be synchronous 
to the bus clock. After the memo- 


ry controller 
has asserted 
COM, 
the 
MPC asserts 


the 
replier 
ready 
(BSC4) 
signal 
on 
the 
next 
bus 


clock. The meniory 
controller 
cannot 
deassert 
COM 


until the EOT handshake 
is complete 
on the PSB. 


This requires that the memory 
controller 
monitor 
the 


PSB for the EOT handshake. 


ERR (Error). ERR, an input to the MPC, is asserted 
by the dual-port 
memory 
controller 
to signal a mem- 


ory data parity 
error. 
ERR must be stable 
(high or 


low) whenever 
COM is asserted. 
The MPC responds 


to this signal by completing 
the replier handshake 
on 


the PSB using a data error agent 
error 
code. 
This 


signal may be asynchronous 
to the bus clock since it 


is qualified 
by the COM signal. 


The MPC local bus allows many types of microproc- 
essors, perhaps with differing data widths, byte 
alignment, and bit ordering, to connect 
to the 
MUl TIBUS II PSB. This microprocessor is often re- 
ferred to as the host CPU on the MUl TIBUS II proc- 
essor board. The MPC has five signal groups on the 
local bus: 


• data bus 
• address/status signals 
• transfer control 
• interrupt signals 
• OMA control lines 


The local data bus is the signal path for data trans- 
fers between the host CPU and the MPC. 


0<31-0>.0<31-0> 
is the 32-bit local data bus. 


Although this is a 32-bit interface, the MPC allows 
operation with processors using 8-, 16-, or 32-bit 
data busses. 


NOTE: 


Intel CPU architecture defines bit 0 and byte 0 as 
least significant. When connecting non-Intel proces- 
sors to the MPC local data bus, it is important that 
this bit and byte ordering be maintained across the 
PSB. This allows agents of differing CPU types to 
work together in a single chassis. If byte-swapping 
is needed, see the discussion of the byte 
enable 


(BE< 3-0 » 
signal pins. 


The address/status signals select or identify all MPC 
operations over the local bus. 


A <5-2> 
(Address). 
The address inputs select 


MPC registers for message and interconnect space 
operations. A1 and AOare omitted to provide a con- 
sistent register address for all data bus width op- 
tions. A <5-2> 
are qualified by AD or WA and 


therefore must be stable within the specified set-up 
and hold window. 


MEMSEL (Memory Select). This MPC input signal 
tells the MPC that the current operation is a memory 
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AD or WA and therefore must be stable within the 
specified set-up and hold window. 


NOTE: 
MEMSEl, 
10SEl, 
AEGSEl 
10ACK, and OOACK 


are mutually exclusive. In order to be valid, no more 
than one should be active during the same set-up 
and hold window. 


IOSEL (I/O Select). This input signal tells the MPC 
that the current operation is an I/O reference to the 
PSB. 10SEL is qualified by AD or WA and therefore 
must be stable within the specified set-up and hold 
window. 


REGSEL (Register 
Select). 
This input signal is 


used to identify MPC register operations. AEGSEL is 
qualified by AD or WA and therefore must be stable 
within the specified set-up and hold window. 


LOCK. This input signal allows back-to-back opera- 
tions to be performed on the PSB or local intercon- 
nect space. When the bus owner activates LOCK, all 
other agents are held off the PSB or local resource 
until LOCK is deactivated. 


BE<3-0> 
(Byte Enable). These input signals, gen- 


erated by the host CPU or OMA controller, validate 
bytes o..!!...!.hedata bus. BE<3-0> 
are qualified by 


AD or WA and therefore must be stable within the 
specified set-up and hold window. BE<3-0> 
corre- 


spond to data bytes 3 through 0 on the data bus 
(where byte 3 is 0 <31-24 ». 
For remote reference 


operations, only combinations supported by the 
IEEE 1296 specification are valid. 


A 32-bit local bus requires that all byte enable and 
data~nals 
are used. For 16-bit local buses, BE1 


and BE2 are used to indicate which of the two bytes 
will contain valid data, and only 0 < 15~0 > are used. 
For 8-bit local bus operations, BE1 and BEO are 
used to select which byte of the PSB will carry the 
valid data byte. This mode uses ony 0<7-0> 
(on 


the local bus). Note that during all read operations, 
the MPCdrives all data lines (0 < 31-0». 
Consecu- 


tive accesses to message FIFOs must be in ascend- 
ing byte sequence 0, 1, 2, 3 in any non-overlapping 
combination. 


Table 5-3 shows the valid byte enable combinations 
for both the local data bus (0<31-0» 
and the PSB 


(AO<31-0»: 


inter 


BE3 
BE2 
BE1 
BEO 
031-24 
023-16 
015-8 
07-0 
A031-24 
A023-16 
A015-8 
A07-0 


L 
L 
L 
L 
V3 
V2 
V1 
VO 
V3 
V2 
V1 
VO 
L 
L 
L 
H 
V3 
V2 
V1 
X 
V3 
V2 
V1 
X 
H 
L 
L 
L 
X 
V2 
V1 
VO 
X 
V2 
V1 
VO 


L 
L 
H 
H 
V3 
V1 
X 
X 
X 
X 
V3 
V2 


H 
L 
L 
H 
X 
V2 
V1 
X 
X 
V2 
V1 
X 
H 
H 
L 
L 
X 
X 
V1 
VO 
X 
X 
V1 
VO 
L 
H 
H 
H 
V3 
X 
X 
X 
X 
X 
V3 
X 


H 
L 
H 
H 
X 
V2 
X 
X 
X 
X 
X 
V2 


H 
H 
L 
H 
X 
X 
V1 
X 
X 
X 
V1 
X 


H 
H 
H 
L 
X 
X 
X 
VO 
X 
X 
X 
VO 


L 
H 
L 
H 
X 
X 
X 
VO 
X 
X 
VO 
X 
L 
H 
H 
L 
X 
X 
X 
VO 
X 
X 
X 
VO 


NOTES: 
L = Electrical 
low state (active) 
H = Electrical 
high state 
(inactive) 
Vn = Valid data bytes 
X = Active 
bytes with undefined 
data 


For the 32-bit host interface, 
legal combinations 
of byte enables 
form byte lanes: the paths where valid data 


bytes are present 
during a single transfer 
on the local data bus (as well as in the MUL TIBUS 
II environment). 
Non-Intel 
Microprocessors 
can use byte lanes to perform 
byte-swapping 
or other data manipulations 
in hard- 
ware. The figure below illustrates 
the legal byte lanes as they relate to byte enable 
combinations: 


I 
32- bit 
I 
I 
I IASB 


I 0<23 .. 16> 
I 
I 


I LSB 
I 


I 


I 


• 


Each 
shaded 
box in Figure 
5-4 represents 
a valid 
byte 
lane for a given 
combination 
of BE during 
a 
single read or write operation. 
There 
are four types 
of byte lanes: 8-bit, 16-bit, 24-bit and 32-bit. Bit and 
byte ordering follow the Intel standard 
of bit or byte 0 
as least significant. 
Assume 
that 
invalid 
byte lanes 
contain 
any value 
of data (Le. non-constant). 
Take 
precautions 
(masking 
in software, 
etc.) 
to 
ensure 
that invalid data does not cause problems. 


When 
using 
a DMA 
controller 
to 
handle 
solicited 
data transfers 
to/from 
local memory, 
misalignment 
of data in memory 
and resulting 
partial 
packets 
are 
handled 
using the 
BE lines. The 
DMA interface 
of 
the MPC provides 
support 
by only incrementing 
in- 
ternal 
pointers 
(or detecting 
completion) 
when 
the 
proper byte-enable 
signal is active. Table 5-4 shows 
which 
BE line the MPC recognizes 
for partial 
pack- 
ets: 


DMA 
Bytes 
Byte Enable 
Width 
Remaining 
Recognized 


32-bit 
>3 
BE3 
32-bit 
3 
BE2 
32-bit 
2 
BE1 
32-bit 
1 
BEO 
16-bit 
>1 
BE1 
16-bit 
1 
BEO 
8-bit 
>0 
BEO 


Transfer 
operation 
control 
to the MPC over the local 
bus is provided 
by two command 
signals and a wait 
signal. 
This 
handshake 
provides 
fully 
interlocked 


(two-sided 
handshake) 
operation. 


RD (Read). 
This input signal starts a read operation. 
RD must transition 
cleanly, 
since it is used to qualify 
other signals 
in the read operation. 


WR (Write). 
This input signal 
starts 
a write 
opera- 
tion. WR must transition 
cleanly, 
since it is used to 
qualify other signals in the write operation. 


WAIT. WAIT is an MPC output signal used to extend 
a transfer 
operation. 
The signal will be used by the 
MPC for all accesses 
that require synchronization 
to 
another 
resource. 
It is activated 
when 
a command 
goes 
active 
and deactivated 
when the operation 
is 
completed. 


Interrupt 
signals 
are used 
to inform 
the 
host 
CPU 
that the MPC requires 
service. 
The MPC generates 
two signals: one for message 
operations 
and one for 
reference 
errors. 


MINT (Message 
Interrupt). 
The MINT output signal 


is used for all message-related 
signaling 
to the host 
CPU. This includes 
the arrival of an unsolicited 
mes- 


sage, the availability 
of the transmit 
FIFO, the com- 
pletion 
of a solicited 
transfer, 
and an error-on 
mes- 


sage transfer. 


EINT 
(Error 
Interrupt). 
The 
EINT output 
signal 
is 
used to signal all errors 
related 
to memory, 
I/O, 
or 
interconnect 
space 
operations. 
Internal 
registers 
in 
the MPC provide 
exact details 
of the error via inter- 
connect 
space. 


The 
MPC 
provides 
four 
DMA 
control 
signals 
that 
connect 
with an external 
DMA controller. 


ODREQ 
(Output 
Channel 
DMA Request). 
ODREQ 
is an output signal that enables 
DMA transfers 
to the 
MPC (Le., output to the PSB). This signal behaves 
as 
a normal DMA request 
line during solicited 
message 
output 
operations. 
ODREQ 
is activated 
during 
the 
transfer 
phase 
of 
a solicited 
message 
operation 
when the solicited 
output 
FIFO is empty. 
The DMA 
controller 
responds 
to ODREQ 
by moving data from 
local memory 
to the FIFO for transfer 
to a receiving 
agent on the PSB. 


IDREQ 
(Input 
Channel 
DMA 
Request). 
IDREQ 
is 
an output 
signal 
that 
enables 
DMA transfers 
from 
the MPC (Le. input from 
the 
PSB). This 
signal 
be- 
haves as a normal DMA request 
line during solicited 
message 
input operations. 
IDAEQ 
is activated 
dur- 
ing the transfer 
phase of a solicited 
message 
opera- 


tion when the solicited 
input FIFO is full. The DMA 
controller 
responds 
to ODREQ 
by moving data from 
the FIFO to local memory. 
When 
the FIFO is emp- 
tied, IDAEQ is deactivated. 


ODACK 
(Output 
Channel 
DMA 
Acknowledge). 
ODACK 
is generated 
by the 
DMA controller 
in re- 
sponse 
to an output 
channel 
DMA request. 
ODACK 
is qualified 
by RD or WR and therefore 
must be sta- 
ble within the specified 
set-up and hold window. 


NOTE: 
MEMSEL, 
10SEL, 
AEGSEL 
IDACK, 
and 
ODACK 
are mutually 
exclusive. 
In order to be valid, no more 
than 
on should 
be active 
during 
the 
same 
set-up 
and hold window. 


IDACK 
(Input 
Channel 
DMA 
Acknowledge). 
IDACK 
is generated 
by the 
DMA 
controller 
in re- 
sponse 
to an input channel 
DMA request. 
IDACK is 
qualified 
by AD or WA and therefore 
must be stable 
within the specified 
set-up and hold window. 


inter 


Brief descriptions 
of the interconnect 
bus signal pins 
are given 
here. 
For more 
information 
on using the 
interconnect 
microcontroller, 
see 
the MPC User's 
Manual, 
Chapter 
5, 
"Interconnect 
Programming" 
(Order number 
176526-002). 


lAD < 7-0> 
(Interconnect 
Address/Data). 
lAD <7-0> is an a-bit, bidirectional, 
multiplexed 
ad- 
dress and data bus intended 
to interface 
directly to a 
microcontroller. 
In addition 
to the MPC, other 
inter- 
connect 
accessible 
local resources 
can be connect- 
ed to this bus. 


IREQ (Interconnect Request). The 
MPC asserts 
this 
output 
signal 
when 
an interconnect 
operation 
has been requested 
from either the local bus or the 
PSB. The MPC asserts 
IREO to the interconnect 
mi- 
crocontroller 
at different 
times for read and write op- 
erations. 
For a read operation, 
IREO is asserted 
im- 
mediately 
after detecting 
an address 
match between 
the requested 
address and an internal register. 
For a 
write 
operation, 
IREO is delayed 
until valid data 
is 


available 
(Le., BSC3 is asserted). 
In either 
case, 
if 
the local bus interface 
has locked the local intercon- 
nect space, 
IREO is inhibited. 


lAST (Interconnect Address Strobe). lAST 
is a 
signal 
from 
the 
microcontroller 
that 
tells 
the 
MPC 
that a valid address 
is on the interconnect 
bus. lAST 
may 
be 
directly 
connected 
to 
the 
ALE 
(Address 
Latch 
Enable 
or equivalent) 
output 
of most 
micro- 


controllers. 
lAST must provide 
clean transitions. 


IRD (Interconnect Bus Read). The microcontroller 
asserts 
IRD to perform 
a read operation 
to one of 
the MPC interconnect 
interface 
registers. 
IRD must 
provide 
clean transitions. 


NOTE: 
When 
IRD and IWR are activated 
at the same time, 


all MPC outputs 
are disabled. 
Use this 
feature 
to 
disable the MPC in board test applications. 


IWR (Interconnect Write). The microcontroller 
as- 
• 
serts IWR to perform 
a write operation 
to one of the 
MPC interconnect 
interface 
registers. 
IWR must pro- 


vide clean transitions. 
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The MPC 82389 
is packaged 
in a 149-pin 
Ceramic 
Pin Grid Array (PGA). The pins are arranged 
0.100 inch 
(2.54 mm) center-to-center, 
in a 15 x 15 matrix. Please refer to Figure 6-3 for case outlines. 


A wide variety 
of sockets 
are available 
including 
the zero-insertion 
force socket 
for prototyping. 


2 
• 
S 
7 
8 
10 
11 
12 
13 
1. 
IS 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


00 
02 
O. 
07 
09 
012 
01. 
017 
020 
023 
026 
028 
030 
031 
IAD7 
A 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


AS 
01 
03 
06 
08 
011 
013 
016 
019 
022 
D2S 
027 
029 
lADS 
IAD6 
8 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


BE3 
A4 
Vss 
os 
Vss 
010 
Vcc 
DIS 
018 
021 
02. 
Vss 
IAD3 
lAD. 
IWR 
C 
0 
0 
0 
0 
0 
0 
0 
0 
0 


8E2 
A3 
A2 
Vcc 
Vss 
Vcc 
IADI 
IAD2 
iRi5 
0 
0 
0 
0 
0 
0 
0 


REGSEL 
8E1 
BED 
IAoo 
lAST 
IREO 
E 
METAL 
LID 
0 
0 
0 
0 
0 
0 


IDREO 
MEMSEL 
IOSEL 
(TOP 
VIEW) 
Vss 
BAoo 
BADl 
0 
0 
0 
0 
0 
0 


ODREO 
IDACK 
ODACK 
BAD2 
BAD3 
BAD. 
G 
0 
0 
0 
0 
0 
0 
Rii 
VIR 
WAIT 
8ADS 
8AD6 
BAD7 
H 
0 
0 
0 
0 
0 
0 


MINT 
LOCK 
Vss 
BAD8 
BAD9 
8AD10 
0 
0 
0 
0 
0 
0 


EINT 
ERR 
COM 
Vss 
BADll 
BAD12 
0 
0 
0 
0 
0 
0 


SEL 
BSCO 
BSCl 
BAD13 
BADU 
BADIS 
0 
0 
0 
0 
0 
0 
0 
0 


BSC2 
BSC3 
8SC. 
Vcc 
Vcc 
BAD16 
BAD17 
BAD18 
104 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


BSC9 
SCDIRO 
BSCS 
Vss 
ARBS 
Vss 
REFADR 
Vcc 
Vss 
BPARO 
Vss 
BAD27 
Vss 
BAD19 
BAD20 
N 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


BSC6 
BSC7 
ARBI 
ARB3 
ARB. 
BREO 
BUS ERR 
LACHn 
BPAR3 
BPARI 
BAD30 
BAD28 
BAD2S 
BAD23 
BAD21 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


BSC8 
SCDIRI 
ARBO 
ARB2 
RSTNC 
ADDIR 
TIMOUT 
BBCLK 
RESET 
BPAR2 
BAD31 
BAD29 
BAD26 
BAD2. 
BAD22 
0 
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13 
1. 
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Figure 6-1. MPC 82389 Pinout-View 
from Top Side 


15 
1. 
13 
12 
11 
10 
8 
7 
5 
• 
3 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
A 
1A07 
031 
030 
028 
026 
023 
020 
017 
01. 
012 
D9 
07 
O. 
02 
00 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


1A06 
1A05 
029 
027 
025 
022 
019 
016 
013 
011 
08 
06 
03 
01 
A5 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


C 
IWR 
lAD. 
1A03 
VSS 
02. 
021 
018 
015 
VCC 
010 
VSS 
05 
VSS 
A. 
BE3 
0 
0 
0 
0 
0 
0 
0 
0 
0 


0 
iRD 
1A02 
IAOI 
Vcc 
VSS 
VCC 
A2 
A3 
BE2 


0 
0 
0 
0 
0 
0 
IREO 
lAST 
IAOO 
BEO 
BEl 
REGSEL 


0 
0 
0 
0 
0 
0 
BAOI 
BAOO 
VSS 
IOSEL 
IIEIISEL 
10REO 


0 
0 
0 
(BOTTOIl VIEW) 
0 
0 
0 


G 
BAD. 
BA03 
BA02 
OOACK 
10ACK 
OOREO 
0 
0 
0 
0 
0 
0 • 


H 
BA07 
BA06 
BA05 
WAIT 
WR 
Rii 


0 
0 
0 
0 
0 
0 
BA010 
BA09 
BADB 
VSS 
LOCK 
IIINT 


0 
0 
0 
0 
0 
0 


K 
BA012 
BAOll 
VSS 
COli 
ERR 
EINT 


0 
0 
0 
0 
0 
0 
BA015 
BAOU 
BA013 
BSCI 
BSCO 
SEL 


0 
0 
0 
0 
0 
0 
0 
0 


II 
BAOIB 
BA017 
BA016 
Vcc 
VCC 
BSC. 
BSC3 
BSC2 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
N 
BA020 
BA019 
VSS 
BA027 
VSS 
BPARO 
VSS 
VCC 
REfAOR 
VSS 
ARB5 
VSS 
BSC5 
SCOIRO 
BSC9 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


P 
BA021 
BA023 
BA025 
BA028 
BA030 
BPARI 
BPAR3 
LACHn 
BUSERR 
BREO 
ARB. 
ARB3 
ARBI 
BSC7 
BSC6 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
BA022 
BA02. 
BA026 
BA029 
BA031 
BPAR2 
RESET 
BBCLK 
TIIIOUT 
AOOIR 
RSTNC 
ARB2 
ARBO 
SCOIRI 
BSC8 


15 
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13 
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7 
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Figure 6·2. MPC 82389 Pinout-View 
from Pin Side 
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Mnemonic 
Type 
Pin# 
Mnemonic 
Type 
Pln# 
Mnemonic 
Type 
Pln# 


Vcc 
D4 
REFADR 
0 
N7 
lAST 
I 
E14 


A5 
I 
B1 
ADDIR 
0 
06 
IRD 
I 
D15 


A4 
I 
C2 
BPAR3 
I/O 
P9 
IWR 
I 
C15 


A3 
I 
D2 
BAD31 
I/O 
011 
IAD7 
I/O 
A15 


A2 
I 
D3 
BAD30 
I/O 
P11 
IAD6 
I/O 
B15 


BE3 
I 
C1 
BAD29 
I/O 
012 
IAD5 
I/O 
B14 


BE2 
I 
D1 
BAD28 
I/O 
P12 
IAD4 
. 
I/O 
C14 


BE1 
I 
E2 
BAD27 
I/O 
N12 
IAD3 
I/O 
C13 


BEO 
I 
E3 
BAD26 
I/O 
013 
IAD2 
I/O 
D14 


10SEL 
I 
F3 
BAD25 
I/O 
P13 
IAD1 
I/O 
D13 


MEMSEL 
I 
F2 
BAD24 
I/O 
014 
IADO 
I/O 
E13 


REGSEL 
I 
E1 
BAD23 
I/O 
P14 
Vcc 
D12 


IDACK 
I 
G2 
BAD22 
I/O 
015 
Vss 
C12 


ODACK 
I 
G3 
BAD21 
I/O 
P15 
D31 
I/O 
A14 


IDREO 
0 
F1 
BAD20 
I/O 
N15 
D30 
I/O 
A13 


ODREO 
() 
G1 
BAD19 
I/O 
N14 
D29 
I/O 
B13 


WR 
I 
H2 
BAD18 
I/O 
M15 
D28 
I/O 
A12 


RD 
I 
H1 
BAD17 
I/O 
M14 
D27 
I/O 
B12 


WAIT 
0 
H3 
BAD16 
I/O 
M13 
D26 
I/O 
A11 


Vss 
J3 
BAD15 
I/O 
L15 
D25 
I/O 
B11 


MINT 
0 
J1 
BAD14 
I/O 
L14 
D24 
I/O 
C11 


EINT 
0 
K1 
BAD13 
I/O 
L13 
D23 
I/O 
A10 


LOCK 
I 
J2 
BAD12 
I/O 
K15 
D22 
I/O 
B10 


ERR 
I 
K2 
BAD11 
I/O 
K14 
D21 
I/O 
C10 


SEL 
0 
L1 
BAD10 
I/O 
J15 
D20 
I/O 
A9 


COM 
I 
K3 
BAD9 
I/O 
J14 
D19 
I/O 
B9 


BSC9 
I/O 
N1 
BAD8 
I/O 
J13 
D18 
I/O 
C9 


BSC8 
I/O 
01 
BAD7 
I/O 
H15 
D17 
I/O 
A8 


BSC7 
I/O 
P2 
BAD6 
I/O 
H14 
D16 
I/O 
B8 


BSC6 
I/O 
P1 
BAD5 
I/O 
H13 
D15 
I/O 
C8 


BSC5 
I/O 
N3 
BAD4 
I/O 
G15 
D14 
I/O 
A7 


BSC4 
I/O 
M3 
BAD3 
I/O 
G14 
D13 
I/O 
B7 


ARB3 
I/O,OC 
P4 
Vss 
N13 
D2 
I/O 
A2 


Mnemonic 
Type 
Pin# 
Mnemonic 
Type 
Pln# 
Mnemonic 
Type 
Pin# 


BSC3 
liD 
M2 
BA02 
I/O 
G13 
012 
liD 
A6 


BSC2 
liD 
M1 
BA01 
liD 
F15 
011 
liD 
B6 


BSC1 
liD 
L3 
BAOO 
I/O 
F14 
010 
I/O 
C6 


BSCO 
liD 
L2 
BPAR2 
liD 
010 
09 
liD 
A5 


SCOIR1 
0 
02 
BPAR1 
liD 
P10 
08 
liD 
B5 


SCOIRO 
0 
N2 
BPARO 
I/O 
N10 
07 
liD 
A4 


Vcc 
M4 
Vcc 
N8 
06 
liD 
B4 


Vss 
N4 
Vss 
N9 
05 
liD 
C4 


ARB5 
I/O,OC 
N5 
Vss 
N11 
04 
liD 
A3 


ARB4 
I/O,OC 
P5 
Vcc 
M12 
03 
liD 
B3 


ARB2 
I/O,OC 
04 
Vss 
F13 
01 
, 
liD 
B2 


ARB1 
I/O,OC 
P3 
Vss 
K13 
DO 
liD 
A1 


ARBO 
I/O,OC 
03 
BBCLK 
I 
08 
Vcc 
C7 


Vss 
N6 
LACHn 
I 
P8 
Vss 
08 


BREO 
I/O,OC 
P6 
RESET 
I 
09 
Vss 
C5 


TIMOUT 
I/O 
07 
RSTNC 
I/O,OC 
05 
BUSERR 
I/O,OC 
P7 


IREO 
0 
E15 
Vss 
C3 


NOTES: 
I = input 
0= 
output 


I/O 
= input/output 
OC = open-collector 
• = active-low 


.- / 
~ 


NOTE: 
Dimensions in mm. 


P," 


KOVAR 


BRAZED 
Ag-Cu(72) 
.Il.lOY 


@@@@@ 
@@@@@@@ 
@@@@@@@ 
@@@@ 
@@@ 
@@@ 
@@@ 
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@@@@@@@ 
@@@@ 
@@@ 
@@@ 
@@@ 


@@@ 
@@@ 
@@@ 
@@@@ 
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@ 
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NOTE: 
Stresses 
above 
those 
listed 
may cause 
permanent 
damage 
to the device. 
This 
is a stress 
rating 
only 
and functional 
operation 
at these 
or any other 
con- 
ditions 
above 
those 
listed 
in the 
operational 
sec- 
tions of this specification 
is not implied. 


Exposure 
to 
absolute 
maximum 
rating 
conditions 
for 
extended 
periods 
may 
affect 
device 
reliability. 


Although 
the 
MPC 
82389 
contains 
protective 
cir- 


cuitry 
to 
resist 
damage 
from 
static 
electrical 
dis- 
charges, 
always take precautions 
against 
high stat- 
ic voltages 
or electric 
fields. 


This section 
provides 
detailed 
A.C. and D.C. specifi- 
cations 
for the MPC 82389. 


Operating 
Temperature 
(Under Bias) 
-10°C 
to + 85°C 


Storage Temperature 
- 65°C to + 150°C 


Voltage on Any Pin 
-0.5V 
to Vee + 0.5V 


Power Dissipation 
................•......... 
2.5W 


7.2 
D.C. Specifications 
vee = 5.0V ±5%, 
TA = O°Cto + 70°C 


Table 7-1. D.C. Specifications 


Symbol 
Parameter 
Min 
Max 
Units 
Test Conditions 


VIL 
Input Low Voltage 
-0.5 
0.8 
V 


VIH 
Input High Voltage 
2.0 
Vee + 0.5 
V 


Vou 
Output Low Voltage 
0045 
V 
IOL Max 


VOL2 
Output Low Voltage 
0.55 
V 
IOL Max 
Open Collector 


VOH 
Output High Voltage 
2.4 
V 
IOH Max 


Ice 
Power Supply Current 
400 
mA 


IL 
Input Leakage Current 
±10 
!LA 
OV s VIN s Vee 


lu 
Open Collector 
±100 
!LA 
Oo4Vs VIN s 2.4V 


Leakage Current 
±400 
!LA 
OV s VIN s Vee 


IL2 
BBCLK Input Leakage Current 
±100 
!LA 
OV s VIN s Vee 


IOL 
Output Low Current 
4.0 
mA 
VOL = 0.45V 


Iou 
Open Collector 
Output 
60.0 
mA 
VOL = 0.55V 
Low Current 


IOL2 
ADDIR and REFADR 
8.0 
mA 
VOL = 0.45V 
Output Low Current 


IOH 
Output High Currer:1t 
-1.0 
mA 
VOH = 204V 


CI 
Input Capacitance 
10 
pF 
fe = 1 MHz, 25°C (Note 1) 


CIO 
I/O Capacitance 
20 
pF 
fe = 1 MHz, 25°C (Note 1) 


CeLK 
Clock Input Capacitance 
15 
pF 
fe = 1 MHz, 25°C (Note 1) 


Coe 
Open Collector 
Capacitance 
20 
pF 
fe = 1 MHz, 25°C (Note 1) 


NOTE: 
1. Sampled 
only, not 100% 
tested. 


• 
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7.3 A.C. Specifications 


The AC. 
specifications 
for the MPC 82389 are spec- 
ified in Tables 
7-2, 7-3 and 7-4 and Figures 7-2, 7-3, 
7-4 and 7-5. Figure 7-1 specifies 
the test points for 
measuring 
the AC. 
parameters. 
Table 
7-2 and Fig- 
ures 7-2 and 7-3 specify the AC. 
parameters 
for the 
host CPU bus. Table 7-3 and Figure 7-4 specify the 
A.C. parameters 
for the interconnect 
bus. Table 7-4 
and Figure 
7-5 specify 
the A.C. parameters 
for the 
PSB. Figure 7-6 defines 
the test 
load for the AC. 
specifications. 


Symbol 
Parameter 
Min 
Max 
Units 
Test 
Conditions 


t1 
Address 
and BE Setup to Command 
Active 
20 
ns 


Select and DACK Setup to Command 
Active 
18 
ns 


t2 
Address, 
BE, Select and DACK 
5 
ns 
Hold from Command 
Active 


t3 
Time between 
Commands 
24 
ns 


t4 
Command 
Inactive to Read Data Disable 
15 
ns 
(Note 5) 


t5 
Read Data Hold from Command 
Inactive 
3 
ns 


t6 
Read Data Enable from Command 
Active 
0 
ns 


t7 
WAIT Active from Command 
Active 
20 
ns 
CL = 50 pF 


t8 
Command 
Inactive from WAIT Inactive 
0 
ns 


t9 
WAIT Inactive to Read Data Valid 
25 
ns 
CL = 90 pF 


t10 
Command 
Active to Write Data Valid 
200 
ns 


t11 
Write Data Hold from WAIT Inactive 
0 
ns 


t12 
Command 
Active to LOCK Active (Note 1) 
100 
ns 


t13 
LOCK Hold from WAIT Inactive 
(Note 2) 
0 
ns 


t14 
Command 
Active Time 
42 
ns 


t15 
Read Data Valid from Command 
Active 
42 
ns 
CL = 90 pF 


t16 
Write Data Setup to Command 
Inactive 
-Registers 
20 
ns 
-DMA 
20 
ns 


t17 
Write Data Hold from Command 
Inactive 
3 
ns 


t18 
Command 
Active to MINT or DREQ Inactive 
42 
ns 
CL = 50 pF 
(Notes 3, 4) 


t19 
Command 
Active to DREQ Inactive 
25 
ns 
CL = 50 pF 
(Note 4) 


NOTES: 
1. Required 
to guarantee 
locking 
of resource. 


2. Required 
to guarantee 
resource 
remains 
locked. 


3. MINT deassertion 
only if no other 
sources 
are pending. 


4. For DREQ 
inactive 
timing, 
t19 applies 
to a normal 
last transfer 
deassert 
condition 
and t18 to an error deassert 
condition. 


5. Disable 
condition 
occurs 
when the output 
current 
becomes 
less than the input leakage 
specification. 
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AS-A2 


BE3-BEO 


MEMSEL 


IOSEL 


REGSEL 
:::x 
VAllO 
X.. 
_ 


AS-A2 =::x: 
VALID 
X.. 
_ 


BE3-BEO 
\- 
-t 
REGSEL. 


IDACK.OOACK 
F"11." I.- 
'" 
~ 
\3 r- 


RD.WR 
a 
~'''I 
\6 --l 


031-00 
I 
{ 
x 
IIx:>- 
(OUT or MPC) 
VALID 


I 
I· 
\16 
~ 
i\17 


031-00 
I 
X 
x::: 
(INTO 
MPC) 
. 
VALID 


~ 
\18j 
\19 
MINT 
OX 
10REO. 
OROEO 


290145-14 
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Symbol 
Parameter 
Mln 
Max 
Units 
Test 
Conditions 


t31 
lAST Active Time 
85 
ns 


t32 
Command 
Active Time 
250 
ns 


t33 
Command 
Inactive to lAST Active 
25 
ns 


t33A 
lAST Inactive to Command 
Active 
120 
ns 


t34 
Address 
Setup to lAST Inactive 
40 
ns 


t35 
Address 
Hold from lAST Inactive 
20 
ns 


t36 
Write Data Setup to Command 
120 
ns 
Inactive 


t37 
Write Data Hold from Command 
5 
ns 
Inactive 


t38 
Read Data Enable from Command 
0 
ns 
Active 


t39 
Read Data Valid from Command 
120 
ns 
CL = 150 pF 
Active 


~o 
Read Data Hold from Command 
0 
ns 
Inactive 


t41 
Read Data Disable from Command 
30 
ns 
Inactive (Note 2) 


t42 
EINT, IREO Inactive from Command 
100 
ns 
CL = 150 pF 
Active (Note 1) 


NOTES: 
1. EINT inactive 
only on write to error register. 
IREO inactive 
only on write to arbitration 
register. 


2. Disable 
condition 
occurs 
when the output 
current 
becomes 
less than the input leakage 
specification. 
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Symbol 
Parameter 
Mln 
Max 
Units 
Test 
Conditions 


tep 
Clock Period 
99.9 
ns 


'tCL 
BCLK Low Time 
40 
ns 


'tCH 
BCLK High Time 
40 
ns 


tBCL 
BBCLK Low Time 
38 
ns 


BBCLK High Time 
- 
38 
tBCH 
ns 


tRB 
BCLK Rise Time 
1 
5 
ns 


tFB 
BCLK Fall Time 
1 
2 
ns 


tR 
BBCLK Rise Time 
0.5 
1 
ns 


tF 
BBCLK Fall Time 
0.5 
1 
ns 


t5K 
BCLK to BBCLK Skew (Note 1) 
-0.5 
4.0 
ns 


teD 
Clock to Output Delay 
BREQ, BUSERR, 
RSTNC (Note 2) 
36 
ns 
CL = 500 pF 
ARB5-ARBO 
(Notes 2, 3) 
36 
ns 
CL = 500 pF 
BAD31-BADO, 
BSC7-BSCO 
29 
ns 
CL = 75pF 
BPAR3-BPARO, 
BSC9, BSC8 
29 
ns 
CL = 50pF 
SCDIRO, SCDIR1 
(H to L) 
19 
ns 
CL = 25pF 
(L to H) 
21 
ns 
CL = 25pF 
ADDIR 
(L to H) 
21 
ns 
CL = 50pF 
(H to L) 
27 
ns 
CL = 50 pF 
REFADR 
29 
ns 
CL = 75 pF 
SEL 
29 
ns 
CL = 50 pF 


tH 
Hold Time from Clock 
BREQ,BUSERR,RSTNC 
6.5 
ns 
CL = 25 pF 
ARB5-ARBO 
(Note 3) 
6.5 
ns 
CL = 25 pF 
BAD31-BADO, 
BPAR3-BPARO 
5.0 
ns 
CL = 15 pF 
BSC9-BSCO 
4.0 
ns 
CL = 15 pF 
SCDIRO, SCDIR1 
4.0 
ns 
CL = 15 pF 
ADDIR 
5.0 
ns 
CL = 25 pF 
REFADR 
4.0 
ns 
CL = 25 pF 
SEL 
4.0 
ns 
CL = 15pF 


toN 
Turn On Delay from Clock (Note 4) 
BREQ,BUSERR, 
RSTNC 
6.5 
ns 
ARB5-ARBO 
(Note 1) 
6.5 
ns 
BAD31-BADO, 
BPAR3-BPARO 
5.0 
ns 
BSC9-BSCO 
4.0 
ns 


toFF 
Turn Off Delay from Clock (Note 5) 
BREQ,BUSERR,RSTNC 
36 
ns 
ARB5-ARBO 
(Note 3) 
36 
ns 
BAD31-BADO, 
BPAR3-BPARO 
29 
ns 
BSC9-BSCO 
29 
ns 


Symbol 
Parameter 
Mln 
Max 
Units 
Test 
Conditions 


tsu 
Input Setup Time to Clock 
BREQ,BUSERR,RSTNC 
22 
ns 
ARB5-ARBO 
(Note 3) 
40 
ns 
BAD31-BADO, 
BPAR3-BPARO 
24 
ns 
BSC9-BSCO 
24 
ns 
TIMEOUT, 
LACHn, RESET 
24 
ns 
COM, ERR 
40 
ns 


tlH 
Input Hold Time from Clock 
BREQ,BUSERR, 
RSTNC 
0 
ns 
ARB5-ARBO 
(Note 3) 
0 
ns 
BAD31-BADO, 
BPAR3-BPARO 
3 
ns 
BSC9-BSCO 
2 
ns 
TIMEOUT, 
LACHn, RESET 
2 
ns 
COM, ERR 
3 
ns 


NOTES: 
1. The clock 
timings 
are provided 
to reference 
the MPC specification 
to the PSB specifications. 
These 
specifications 
assume 
a 74AS1804 
or equivalent 
buffer. 


2. The 500 pF load is a distributed 
load as defined 
in the PSB specification. 
The open drain signals 
are designed 
such that 
the output 
delay and bus loss meets 
the PSB specification 
requirement. 


3. The ARB5-ARBO 
signal timings 
are with respect 
to the first and last clock 
of the arbitration 
period. 
Details 
can be found 
in the PSB specification. 
Also, the arbitration 
logic has been designed 
to meet the loop delay specification 
accounting 
for the 
full path of input to output 
plus bus loss. 


4. Minimum 
turn on times are measured 
the same way as hold times. 
Specifically, 
the logic level driven 
by another 
device 
on 
the previous 
clock 
cycle 
must not be disturbed. 
5. Maximum 
turn off times 
are measured 
to the condition 
where 
the output 
leakage 
current 
becomes 
less than 
the 
input 
leakage 
specification. 
6. All stated 
capacitances 
are based on design 
requirements. 
Production 
test limitations 
may require 
some parameters 
to be 
tested 
under 
a different 
condition. 
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82077 AA 
CHMOS SINGLE-CHIP FLOPPY DISK CONTROLLER 
• Single-Chip Floppy Disk Solution 
• Integrated Tape Drive Support 
-100% 
PC AT" Compatible 
• 12 mA Host Interface Drivers, 40 mA 
-100% 
PS/2" Compatible 
Disk Drivers 
-100% 
PS/2 Model 30 Compatible 
-Integrated 
Drive and Data Bus 
• Four Fully Decoded Drive Select and 
Buffers 
Motor Signals 
• Integrated Analog Data Separator 
• Programmable Write Precompensation 


- 
250 Kbits/sec 
Delays 
- 
300 Kbits/sec 
• Addresses 256 Tracks Directly, 


- 
500 Kbits/sec 
Supports Unlimited Tracks 
- 
1 Mbits/sec 
• 16 Byte FIFO 
• High Speed Processor Interface 
68-Pin PLCC 
• 
• Perpendicular Recording Support 


The 82077 AA floppy disk controller 
has completely 
integrated 
all of the logic required 
for floppy disk control. 


The 82077AA, 
a 24 MHz crystal, 
a resistor 
package 
and a device 
chip select 
implements 
a PC AT or PS/2 


solution. 
All programmable 
options 
default 
to compatible 
values. 
The dual 
PLL data 
separator 
has better 


performance 
than most board 
level/discrete 
PLL implementations. 
The FIFO allows 
better 
system 
perform- 


ance in multi-master 
systems 
(e.g. PS/2, 
EISA). 


The 82077AA 
is fabricated 
with 
Intel's 
CHMOS 
III technology 
and is available 
in a 68-lead 
PLCC (plastic) 


package. 


vee 
vss 
DSO 


MEO 


DIR 


STEP 


vss 


WRDATA 


WE 


HDSEL 


vss 


DENSEL 


MFM 


NC 


AVec 


AVss 


NC 
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Symbol 
Pln# 
1/0 
Description 


HOST INTERFACE 


RESET 
32 
I 
RESET: A high level places the 82077 AA in a known idle state. All registers 
are cleared 


except those set by the Specify command. 


CS 
6 
I 
CHIP SELECT: 
Decodes 
base address range and qualifies 
RD and WR inputs. 


AO 
7 
I 
ADDRESS: 
Selects one of the host interface 
registers: 
A1 
8 
A2 
A1 
AO 
Register 


A2 
10 
0 
0 
0 
R 
Status Register A 
0 
0 
1 
R 
Status Register 
B 
0 
1 
0 
R/W 
Digital Output Register 
0 
1 
1 
R/W 
Tape Drive Register 
1 
0 
0 
R 
Main Status Register 
1 
0 
0 
W 
Data Rate Select Register 
1 
0 
1 
R/W 
Data (FIFO) 


1 
1 
0 
Reserved 
1 
1 
1 
R 
Digital Input Register 
1 
1 
1 
WI 
Configuration 
Control Register 


DBO 
11 
I/O 
OAT A BUS: Data bus with 12 mA drive 
DB1 
13 
DB2 
14 
DB3 
15 
DB4 
17 


DB5 
19 


DB6 
20 


DB7 
22 


RD 
4 
I 
READ: Control signal 


WR 
5 
I 
WRITE: 
Control signal 


DRO 
24 
0 
DMA REQUEST: 
Requests 
service from a DMA controller. 
Normally 
active high, but 


goes to high impedance 
in AT and Model 30 modes when the appropriate 
bit is set in the 


DOR. 


DACK 
3 
I 
DMA ACKNOWLEDGE: 
Control input that qualifies the RD, WR inputs in DMA cycles. 


Normally 
active low, but is disabled 
in AT and Model 30 modes when the appropriate 
bit 


is set in the DOR. 


TC 
25 
I 
TERMINAL 
COUNT: Control line from a DMA controller 
that terminates 
the current disk 


transfer. 
TC is accepted 
only while DACK is active. This input is active high in the AT, 


and Model 30 modes and active low in the PS/2TM mode. 


INT 
23 
0 
INTERRUPT: 
Signals a data transfer 
in non-DMA 
mode and when status is valid. 


Normally 
active high, but goes to high impedance 
in AT, and Model 30 modes when the 


appropriate 
bit is set in the DOR. 


X1 
33 
CRYSTAL 
1,2: Connection 
for a 24 MHz fundamental 
mode parallel resonant 
crystal. X1 
X2 
34 
may be driven with a MOS level clock and X2 would be left unconnected. 


Symbol 
Pln# 
110 
" 
Description 


HOST INTERFACE 
(Continued) 


IDENT 
27 
I 
IDENTITY: 
Upon Hardware 
RESET, this input (along with MFM 
pin) selects between 
the three interface 
modes. After RESET, 
this input selects the type of drive being accessed 
and alters the 
level on DENSEL. The MFM pin is also sampled 
at Hardware 
RESET, and then becomes 
an output again. Internal pull-ups on 
MFM permit a no connect. 


IDENT 
MFM 
INTERFACE 


1 
1 or NC 
AT Mode 
1 
0 
IllEGAL 
0 
1 or NC 
PS/2 Mode 
0 
0 
Model 30 Mode 


AT MODE: Major options are: enables 
DMA Gate logic, TC is 
active high, Status Registers 
A & B not available. 


PS/2 MODE: Major options are: No DMA Gate logic, TC is active 
low, Status Registers 
A & B are available. 
MODEL 30 MODE: Major options are: enable DMA Gate logic, 
TC is active high, Status Registers 
A & B available. 


After Hardware 
reset this pin determines 
the polarity of the 


DENSEl 
pin. IDENT at a logic level of "1 ", DENSEl 
will be 
active high for high (500 Kbps/1 
Mbps) data rates (typically 
used 
for 5.25" 
drives). IDENT at a logic level of "0", 
DENSEl 
will be 
active low for high data rates (typically 
used for 3.5" 
drives). 


DISK CONTROL 
(All outputs 
have 40 mA drive 
capability) 


INVERT 
35 
I 
INVERT: 
Strapping 
option. Determines 
the polartity of all signals 
in this section. 
Should be strapped 
to ground when using the 
internal buffers and these signals become 
active lOW. 
When 
strapped 
to VCC, these signals become active high and external 
inverting drivers and receivers 
are required. 


MEO 
57 
0 
MEO-3: 
Decoded 
Motor enables for drives 0-3. 
The motor 
ME1 
61 
enable pins are directly controlled 
via the Digital Output 


ME2 
63 
Register. 


ME3 
66 


DSO 
58 
0 
DRIVE SELECT 
0-3: 
Decoded 
drive selects for drives 0-3. 


DS1 
62 
These outputs are decoded 
from the select bits in the Digital 


DS2 
64 
Output Register 
and gated by MEO-3. 


DS3 
67 


HDSEl 
51 
0 
HEAD SELECT: 
Selects which side of a disk is to be used. An 
active level selects side 1. 


STEP 
55 
0 
STEP: Supplies step pulses to the drive. 


DIR 
56 
0 
DIRECTION: 
Controls 
the direction 
the head moves when a 
step signal is present. The head moves toward the center if 
active. 
.- 


WRDATA 
53 
0 
WRITE 
DATA: 
FM or MFM serial data to the drive. 
.1 


Precompensation 
value is selectable 
through 
software. 


WE 
52 
0 
WRITE 
ENABLE: 
Drive control 
signal that enables the head to 
write onto the disk. 


• 
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Symbol 
Pin# 
1/0 
Description 


DISK CONTROL 
(All outputs 
have 40 mA drive capability) 
(Continued) 


DENSEL, 
49 
0 
DENSITY 
SELECT: Indicates whether 
a low (250/300 
Kbps) or high (500 Kbps/1 
Mbps) data rate has been selected. 


DSKCHG 
31 
I 
DISK CHANGE: This input is reflected 
in the Digital Input Register. 


DRV2 
30 
I 
DRIVE2: This indicates 
whether 
a second drive is installed 
and is reflected 
in Status 
Register A. 


TRKO 
2 
I 
TRACKO: Control line that indicates 
that the head is on track O. 


WP 
1 
I 
WRITE PROTECT: 
Indicates whether 
the disk drive is write protected. 


INDX 
26 
I 
INDEX: Indicates 
the beginning 
of the track. 


PLLSECTION 


RDDATA 
41 
I 
READ DATA: Serial data from the disk. INVERT also affects the polarity of this 
signal. 


HIFIL 
38 
I/O 
HIGH FILTER: Analog reference 
signal for internal data separator 
compensation. 


This should be filtered 
by an external capacitor 
to LOFIL. 


LOFIL 
37 
I/O 
LOW FILTER: Low noise ground return for the reference 
filter capacitor. 


MFM 
48 
I/O 
MFM: At Hardware 
RESET, aids in configuring 
the 82077AA. 
Internal pull-up 
allows a no connect 
if a "1" 
is required. After reset this pin becomes 
an output and 
indicates 
the current data encoding/decoding 
mode (Note: If the pin is held at 
logic level "0" during hardware 
RESET it must be pulled to "1" 
after reset to 
enable the output. The pin can be released 
on the falling edge of hardware 
RESET 
to enable the output). 
MFM is active high (MFM). MFM may be left tied low after 
hardware 
reset, in this case the MFM function 
will be disabled. 


DRATEO 
28 
0 
DATARATEO-1: 
Reflects 
the contents 
of bits 0,1 of the Data Rate, Register. 


DRATE1 
29 
(Drive capability 
of + 6.0 mA @ O.4V and -4.0 
mA @ 2.4V) 


PLLO 
39 
I 
PLLO: This input optimizes 
the data separator, 
for either floppy disks or tape 
drives. A "1" 
(or VcC> selects the floppy mode, a "0" 
(or GND) selects tape mode. 


MISCELLANEOUS 


VCC 
18 
Voltage: + 5V 
40 
60 
68 


GND 
9 
Ground 
12 
16 
21 
36 
50 
54 
59 
65 


AVCC 
46 
Analog Supply 


AVSS 
45 
Analog Ground 


NC 
42 
No Connection: 
These pins MUST be left unconnected. 
43 
44 
47 


variation with exceptionally low soft error rates. The 
microprocessor interface has a 12 mA drive buffer 
on the data bus plus 100% hardware register com· 
patibility for PC-AT's and PS/2's. The 16-byte FIFO 
with programmable thresholds is extremely useful in 
multi-master systems (PS/2, EISA) or systems with 
a large amount of bus latency. 


The 82077AA is a true single-chip floppy disk, and 
tape drive controller for the PC-AT and PS/2. The 
82077AA, a 24 MHz crystal, a resistor package and 
a chip select implement a complete design. All drive 
control signals are fully decoded and have 40 mA 
drive buffers with selectable polarity. Signals re- 
turned from the drive are sent through on-chip input 
buffers with hysteresis for noise immunity. The inte- 
grated analog data separator needs no external 
compensation yet allows for a wide motor speed 


Upon reset, (Pin 32) the 82077AA defaults to 8272A 
functionality. New features are either selected via 
hardware straps or new commands. Figure 1-1 is a 
block diagram of the 82077AA. 


TC-+ 
ORO 
OACK-+ 


INT 
RO-+ 
WR-+ 
CS-+ 
A0-2-+ 
RESET-+ 


DSKCHG 


DRV2 


WP 


TRK0 


lOX 


OS0-3 
tolE0- 3 


OENSEL 


DIR 
STP 
HDL 
• 


The 24 MHz clock can be supplied 
either by a crystal 
or a MOS level square wave. All internal 
timings 
are 
referenced 
to this clock 
or a scaled 
count 
which 
is 
data rate dependent. 


The 
crystal 
oscillator 
must 
be allowed 
to 
run for 
10 ms after 
VCC 
has reached 
4.5V or exiting 
the 
POWER DOWN 
mode to guarantee 
that it is stable. 


Frequency: 


Mode: 


24 MHz 
±0.1% 


Parallel 
Resonant 
Fundamental 
Mode 


Less than 400 


Less than 5 pF 


Series Resistance: 


Shunt Capacitance: 


1.2 Perpendicular Recording Mode 


An added capability 
of the 82077 AA is the ability to 
interface 
directly 
to perpendicular 
recording 
floppy 
drives. Perpendicular 
recording 
differs from the tradi- 
tional 
longitudinal 
method 
by orienting 
the magnetic 
bits vertically. 
This scheme 
packs 
in more data bits 
for the same area. 


The 
82077 AA with 
perpendicular 
recording 
drives 
can read standard 
3.5" 
floppies 
as well as read and 
write perpendicular 
media. Some 
manufacturers 
of- 
fer drives that can read and write standard 
and per- 
pendicular 
media in a perpendicular 
media drive. 


A single 
command 
puts the 82077 AA into perpen- 
dicular 
mode. 
All other 
commands 
operate 
as they 
normally 
do. The 
perpendicular 
mode 
requires 
the 
1 Mbps data rate of the 82077 AA. At this data rate, 
the FIFO eases the host interface 
bottleneck 
due to 
the speed 
of data transfer 
to or from the disk. 


The interface 
consists 
of the standard 
asynchronous 
signals: 
RD, WR, CS, AO-A3, 
INT, DMA control 
and 
a data bus. The address lines select between 
config- 
uration 
registers, 
the FIFO and control/status 
regis- 


ltm;. I filS Imenace 
can oe SWllcneo oelWeen r'l' A I , 
Model 
30, or PS/2™ 
normal 
modes. 
The 
PS/2™ 
register 
sets are a superset 
of the registers 
found in 
a PC-AT. 


2.1 Status, Data and Control Registers 


The base address 
range is supplied 
via the CS pin. 
For PC-AT or PS/2 
designs 
this would 
be 3FO Hex 
to 3F7 Hex. 


A2 A1 AO 
Register 


0 
0 
0 
R 
Status Register A 
SRA 
0 
0 
1 
R 
Status Register B 
SRB 
0 
1 
0 
R/W 
Digital Output Register 
DOR 
0 
1 
1 
R/W 
Tape Drive Register 
TSR 
1 
0 
0 
R 
Main Status Register 
MSR 
1 
0 
0 
W 
Data Rate Select Register 
DSR 
1 
0 
1 
R/W 
Data (FIFO) 
FIFO 
1 
1 
0 
Reserved 
1 
1 
1 
R 
Digital Input Register 
DIR 
1 
1 
1 
W 
Configuration Control Register 
CCR 


This register 
is read-only 
and monitors 
the state 
of 
the interrupt 
pin and several disk interface 
pins. This 
register 
is part of the register 
set, and is not accessi- 
ble in PC-AT mode. 


7 
6' 
5 
4' 
3 
2' 
l' 
0 


INT 
DRV2 
'f'Ri«j 
INDX 
WP 
STEP 
HDSEL 
DIR 
PENDING 


The INT PENDING 
bit is used by software 
to monitor 
the state of the 82077AA 
INTERRUPT 
pin. The bits 
marked 
with a ••••• reflect 
the state of drive signals 
on the cable and are independent 
of the state of the 
INVERT 
pin. 


As a read-only 
register, 
there is no default 
value as- 
sociated 
with a reset other than some drive bits will 
change 
with 
a reset. 
The 
INT 
PENDING, 
STEP, 


HDSEL, and DIR bits will be low after reset. 


2.1.1b 
STATUS 
REGISTER 
A (SRA, 
MODEL 
30 
MODE) 


7 
6 
5 
4 
3 
2 
1 
0 


INT 
STEP 
HDSEL 
ORO 
TRKO 
INDEX 
WP 
DiR 
PENDING 
F/F 


This 
register 
has 
the 
following 
changes 
in PS/2 
Model 30 Mode. Disk interface 
pins (Bits 0, 1, 2, 3, & 
4) 
are 
inverted 
from 
PS/2 
Mode. 
The 
ORO 
bit 


4-6 


monitors 
the status 
of the 
DMA 
Request 
pin. The 


STEP bit is latched with the Step output going active 
and is cleared 
with a read to the DIR register, 
Hard- 


ware or Software 
RESET. 


This register 
is read-only 
and monitors 
the state of 


several disk interface 
pins. This register is part of the 


PS/2 
register 
set, and 
is not accessible 
in PC-AT 


mode. 


7 
6 
5 
4 
3' 
2 
1 
0 


DRIVE 
WRDATA 
RDDATA 
MOT 
MOT 


1 
1 
WE 
SELO 
TOGGLE 
TOGGLE 
ENl 
ENO 


As the only drive input, RDDAT A TOGGLE's 
activity 


is independent 
of the INVERT 
pin level and reflects 


the level as seen on the cable. 


The two TOGGLE 
bits do not read back the state of 


their respective 
pins directly. 
Instead, 
the pins drive 


a Flip/Flop 
which 
produces 
a wider 
and more reli- 


ably read pulse. 
Bits 6 and 7 are undefined 
and al- 


ways return a 1. 


After any reset, the activity on the TOGGLE 
pins are 


cleared. 
Drive select 
and Motor 
bits cleared 
by the 
RESET pin and not software 
resets. 


2.1.2b STATUS 
REGISTER 
B (SRB, MODEL 
30 
MODE) 


7 
6 
5 
4 
3 
2 
1 
0 


DRV2 
BS1 
DSO 
WRDATA 
.RDDATA 
WE 
DS3 
DS2 
F/F 
F/F 
F/F 


This register 
has the following 
changes 
in Model 30 


Mode. Bits 0, 1, 5, and 6 return the decoded 
value of 
the Drive Select 
bits in the DOR register. 
Bits 2, 3, 
and 4 are set by their respective 
active going edges 
and 
are cleared 
by reading 
the 
DIR register. 
The 


WRDATA 
bit is triggered 
by raw WRDATA 
signals 


and is not gated by WE. Bits 2, 3, and 4 are cleared 
to a low level 
by either 
Hardware 
or Software 
RE- 
SET. 


The Digital Output Register 
contains 
the drive select 


and motor enable 
bits, a reset bit and a DMA GATE 


bit. 


7 
6 
5 
4 
3 
2 
1 
0 


MOT 
MOT 
MOT 
MOT 
DMA 
RESET 
DRIVE 
DRIVE 


EN3 
EN2 
ENl 
ENO 
GATE 
SEL 1 
SELO 


The 
MOT 
ENx bits directly 
control 
their 
respective 


motor enable 
pins (MEO-3). 
A one means the pin is 


active, 
the INVERT 
pin determines 
the active 
level. 


The 
DRIVE SELx bits are decoded 
to provide 
four 


drive select 
lines and only one may be active 
at a 
time. A one is active and the INVERT pin determines 
the level on the cable. Standard 
programming 
prac- 


tice is to set both MOT ENx and DRIVE SELx bits at 
the same time. 


Table 
2-1 lists a set of DOR values 
to activate 
the 


drive select and motor enable 
for each drive. 


Table 2·1. Drive Activation 
Values 


Drive 
DORValue 


0 
1CH 


1 
2DH 
, 


2 
4EH 


3 
8FH 


The 
DMAGATE 
bit is enabled 
only 
in PC-AT 
and 


Model 
30 Modes. 
If DMAGATE 
is set low, the INT 


and DRO outputs 
are tristated 
and the 
DACK 
and 


TC inputs are disabled. 
DMAGATE 
set high will en- 


able INT, DRO, TC, and DACK to the system. 
In PSI 


2 Mode 
DMAGATE 
has no effect 
upon 
INT, DRO, 


TC or DACK pins and they are always active. 


This 
RESET 
bit 
clears 
the 
basic 
core 
of 
the 


82077AA 
and the FIFO circuits 
when the LOCK bit 


is set to "0" 
(see section 
5.3.2 for LOCK bit defini- 


tion). Once 
set, it remains 
set until the user clears 


this 
bit. 
This 
bit 
is set 
by a chip 
reset 
and 
the 


82077 AA is held in a reset state until the user clears 
this bit. The RESET bit has no effect upon this regis- 
ter. 
• 


2.1.4 TAPE DRIVE 
REGISTER 
(TOR) 


This register 
allows the user to assign tape support 


to a particular 
drive during 
initialization. 
Any. future 


references 
to that 
drive 
number 
automatically 
in- 


vokes tape support. 
This register 
is cleared 
by Hard- 


ware reset, Software 
resets 
have no effect. 


7 
6 
5 
4 
3 
2 
1 
0 


- 
- 
Tape 
Tape 
- 
- 
- 
- 


SELl 
SELO 


Bits 2 thru 7 are not writable 
and remain 
tristated 
if 


read. The Tape Select 
bits are Hardware 
RESET to 


O's, making 
Drive 0 not available 
for tape 
support. 


Drive 0 is "reserved" 
for the floppy 
boot drive. 


TapeSEL1 
Tape SELO 
DRIVE SELECTED 


0 
0 
None 
0 
1 
1 
1 
0 
2 
1 
1 
3 
4-7 


inter 


The tuning 
of the 
PLL for tape characteristics 
can 
also be done in hardware. 
If a 0 (GND) is applied to 
pin 39 (PLLO) the PLL is optimized 
for tape drives, a 
1 (Vccl optimizes 
the 
PLL for floppies. 
This 
hard- 
ware 
selection 
mechanism 
overrides 
the 
software 
selection 
scheme. 
A typical 
hardware 
application 
would 
route the Drive Select 
pin used for tape drive 
support 
to pin 39 (PLLO). 


This 
register 
is included 
for 
compatibility 
with 
the 
82072 
floppy 
controller 
and is write-only. 
Changing 
the data rate changes 
the timings 
of the drive con- 
trol signals. To ensure that drive timings 
are not vio- 
lated when changing 
data rates, choose 
a drive tim- 
ing such that the fastest 
data rate will not violate the 
timing. 


7 
6 
5 
4 
3 
2 
1 
0 


PRE· 
PRE- 
PRE· 
S/W 
POWER 
ORATE ORATE 
0 
COMP 
COMP 
COMP 
RESET DOWN 
SEL 1 
SELO 
2 
1 
0 


This register 
is the same as used in the 82072 
ex- 
cept that the internal/external 
PLL select 
bit is re- 
moved. 
It is recommended 
that bit 5 be written 
with 
a 0 for compatibility. 


S/W 
RESET behaves 
the same as DOR RESET ex- 
cept that this reset is self clearing. 


POWER 
DOWN deactivates 
the internal 
clocks 
and 
shuts off the oscillator. 
Disk control 
pins are put in 
an inactive 
state. All input signals must be held in a 
valid state (D.C. level 1 or 0). POWER DOWN is exit- 
ed by activating 
one of the reset functions. 


PRECOMP 0-2 adjusts 
the WRDATA 
output to the 
disk to compensate 
for magnetic 
media phenomena 
known as bit shifting. The data patterns 
that are sus- 
ceptible 
to bit shifting 
are well understood 
and the 
82077 AA compensates 
the data pattern 
as it is writ- 
ten to the disk. The amount 
of precompensation 
is 
dependent 
upon 
the 
drive 
and 
media 
but in most 
cases the default 
value is acceptable. 


The 82077 AA starts precompensating 
the data pat- 
tern 
starting 
on Track 
O. The 
CONFIGURE 
com- 
mand 
can change 
the track 
that 
precompensating 
starts 
on. Table 
2-2 lists the precompensation 
val- 
ues that can be selected 
and Table 2-3 lists the de- 
fault 
precompensation 
values. 
The default 
value 
is 
selected 
if the three bits are zeros. 


ORATE 0-1 select 
one 
of the four 
data 
rates 
as 
listed 
in Table 
2-4. The default 
value 
is 250 
Kbps 


upon a chip ("Hardware") 
reset. Other ("Software") 
Resets do not affect 
the ORATE or PRECOMP 
bits. 


Table 2-2. Precompensation 
Delays 


PRECOMP 
Precompensation 
Delay 
432 


111 
0.00 ns-DISABLED 
001 
41.67 ns 
010 
83.34 ns 
011 
125.00 ns 
100 
166.67 ns 
101 
208.33 ns 
110 
250.00 ns 
000 
DEFAULT 


Data Rate 
Precompensation 
Delays 


1 Mbps 
41.67 ns 
500 Kbps 
125 ns 
300 Kbps 
125 ns 
200 Kbps 
125 ns 


DRATESEL 
DATA RATE 
1 
0 
MFM 
FM 


1 
1 
1 Mbps 
Illegal 
0 
0 
500 Kbps 
250 Kbps 
0 
1 
300 Kbps 
150 Kbps 
1 
0 
250 Kbps 
125 Kbps 


The Main Status Register 
is a read-only 
register 
and 
is used for controlling 
command 
input and result out- 
put for all commands. 


7 
6 
5 
4 
3 
2 
1 
0 


NON 
CMO 
ORV3 
ORV2 
ORVl 
ORVO 
ROM 
010 
OMA 
BSY 
BUSY 
BUSY 
BUSY 
BUSY 


ROM-Indicates 
that 
the 
host 
can transfer 
data 
if 
set to a 1. No access 
is permitted 
if set to a O. 


DID-Indicates 
the direction 
of a data transfer 
once 
ROM is set. A 1 indicates 
a read and a 0 indicates 
a 
write is required. 


NON-DMA- 
This mode is selected 
in the SPECIFY 
command 
and will be set to a 1 during the execution 
phase of a command. 
This is for polled 
data trans- 
fers and helps differentiate 
between 
the data trans- 
fer phase and the reading 
of result bytes. 


command 
is in progress. 
This bit will go active after 
the command 
byte has been accepted 
and goes in- 
active at the end of the results 
phase. 
If there is no 
result 
phase 
(SEEK, 
RECALIBRATE 
commands), 
this 
bit is returned 
to a 0 after 
the 
last command 
byte. 


DRV x BUSY-These 
bits are set to ones 
when 
a 
drive is in the seek portion 
of a command, 
including 
seeks, and recalibrates. 


All command 
parameter 
information 
and disk data 
transfers 
go through 
the FIFO. The FIFO is 16 bytes 
in size 
and 
has 
programmable 
threshold 
values. 
Data transfers 
are governed 
by the ROM and 010 


bits in the Main Status 
Register. 


The 
FIFO 
defaults 
to an 8272A 
compatible 
mode 
after a "Hardware" 
reset (Reset 
via pin 32). "Soft- 
ware" 
Resets 
(Reset via DOR or DSR register) 
can 
also 
place 
the 
82077 AA 
into 
8272A 
compatible 
mode if the LOCK bit is set to "0" 
(See section 
5.3.2 


for the 
definition 
of the 
LOCK 
bit). This 
maintains 
PC-AT 
hardware 
compatibility. 
The 
default 
values 
can 
be 
changed 
through 
the 
CONFIGURE 
com- 
mand 
(enable 
full 
FIFO 
operation 
with 
threshold 
control). 
The advantage 
of the FIFO is that it allows 


the system 
a larger DMA latency 
without 
causing 
a 
disk error. Table 
2.5 gives several 
examples 
of the 
delays with a FIFO. The data is based upon the fol- 
lowing formula: 


Threshold# 
x 
IDATA 
1 
RATE 
x 81- 1.5 p's = DELAY 


FIFO Threshold 
Maximum 
Delay to Servicing 
Examples 
at 1 Mbps Data Rate 


1 byte 
1 x 8 p.s - 
1.5 P.s = 6.5 p.s 
2 bytes 
2 x 8 p.s - 
1.5 p.s = 14.5 p.s 
8 bytes 
8 x 8 p.s - 
1.5 p.s = 62.5 p.s 
15 bytes 
15 x 8 p.s - 
1.5 p.s = 118.5 p.s 


FIFO Threshold 
Maximum 
Delay to Servicing 
Examples 
at 500 Kbps Data Rate 


1 byte 
1 x 16 p.s - 
1.5 p.s = 14.5 p.s 
2 bytes 
2 x 16 p.s - 
1.5 p.s = 30.5 p.s 
8 bytes 
8 x 16 p.s - 
1.5 p.s = 126.5 p.s 
15 bytes 
15 x 16 p.s - 
1.5 p.s = 238.5 p.s 


At the start of a command, 
the FIFO action is always 
disabled 
and 
command 
parameters 
must 
be sent 
based 
upon the ROM and 010 bit settings. 
As the 


clears 
the 
FIFO of any data to ensure 
that 
invalid 
data is not transferred. 


An overrun 
or underrun 
will 
terminate 
the 
current 
command 
and the transfer 
of data. 
Disk writes 
will 
complete 
the current 
sector 
by generating 
a 00 pat- 
tern and valid CRC. 


2.1.8a 
DIGITAL 
INPUT 
REGISTER 
(DIR, PC-AT 
MODE) 


This 
register 
is read 
only 
in all modes. 
In PC-AT 
mode only bit 7 is driven, all other bits remain tristat- 
ed. 


7 
6 
5 
4 
3 
2 
1 
0 


OSK 
- 
- 
- 
- 
- 
- 
- 
CHG 


DSKCHG 
monitors 
the pin of the same 
name 
and 
reflects 
the opposite 
value seen on the disk cable, 


regardless 
of the value of INVERT. 


2.1.8b DIGITAL 
INPUT 
REGISTER 
• 
(DIR, PS/2 
MODE) 
• 


7 
6 
5 
4 
3 
2 
1 
0 


OSK 
ORATE 
ORATE 
RfGR 
1 
1 
1 
1 
CHG 
SEL1 
SELO 
DENS 


The following 
is changed 
in PS/2 
Mode: Bits 6, 5, 4, 


and 3 return a value of "1", 
and the ORATE SEL1-0 
return 
the value 
of the 
current 
data 
rate 
selected 
(see Table 2-4 for values). 


HIGH 
DENS 
is 
low 
whenever 
the 
500 
Kbps 
or 
1 Mbps data rates are selected. 
This bit is indepen- 
dent of the effects 
of the IDENT and INVERT 
pins. 


Table 2-6 shows the state of the DENSEL 
pin when 
INVERT 
is low. 


Data Rate 
IDENT· 
DENSEL 


1 Mbps 
0 
0 


1 
1 


500 Kbps 
0 
0 


1 
1 


300 Kbps 
0 
1 


1 
0 


250 Kbps 
0 
1 


1 
0 


inter 


This pin is set high after a pin RESET 
and is unaf- 
fected 
by OaR and DSR resets. 


2.1.8c 
DIGITAL 
INPUT 
REGISTER 
(DIR, MODEL 
30 MODE) 


7 
6 
5 
4 
3 
2 
1 
0 


DSK 
OMA 
ORATE 
ORATE 


CRG 
0 
0 
0 
GATE 
NOPREC 
SELl 
SELO 


The following 
is changed 
in Model 30 Mode: Bits 6, 
5, and 4 return a value of "0", 
and Bit 7 (DSKCHG) 
is inverted 
in Model 30 Mode. 


Bit 3 reflects 
the value of DMAGATE 
bit set in the 
OaR 
register. 


Bit 2 reflects 
the value 
of NOPREC 
bit set in the 
CCR register. 


2.1.9a CONFIGURATION 
CONTROL 
REGISTER 
(CCR, PC AT and 
PS/2 
MODES) 


This register 
sets the datarate 
and is write only. In 
the PC-AT it is named the DSR. 


7 
6 
5 
4 
3 
2 
1 
0 


ORATE 
ORATE 
- 
- 
- 
- 
- 
- 
SEL1 
SELO 


Refer to the table in the Data Rate Select 
Register 
for values. 
Unused 
bits should 
be set to O. 


2.1.9b 
CONFIGURATION 
CONTROL 
REGISTER 
(CCR, MODEL 
30 MODE) 


7 
6 
5 
4 
3 
2 
1 
0 


ORATE 
ORATE 
- 
- 
- 
- 
- 
NOPREC 
SELl 
SELO 


NOPREC 
has no function, 
and is reset to "0" 
with a 
Hardware 
RESET only. 


There 
are three 
sources 
of reset on the 82077 AA; 
the 
RESET 
pin, a reset 
generated 
via a bit in the 
OaR and a reset generated 
via a bit in the DSR. All 
resets 
take 
the 
82077 AA out 
of the 
power 
down 
state. 


On entering 
the reset state, all operations 
are termi- 
nated and the 82077 AA enters an idle state. Activat- 
ing reset while a disk write activity 
is in progress 
will 
corrupt 
the data and CRC. 


On exiting the reset state, various 
internal 
registers 
are cleared, 
and the 82077 AA waits for a new com- 
mand. 
Drive polling 
will start 
unless 
disabled 
by a 
new CONFIGURE 
command. 


The RESET pin is a global reset and clears all regis- 
ters 
except 
those 
programmed 
by 
the 
SPECIFY 
command. 
The OaR 
Reset bit is enabled 
and must 
be cleared 
by the host to exit the reset state. 


2.2.2 DOR RESET 
vs DSR RESET 
("SOFTWARE" 
RESET) 


These 
two 
resets 
are functionally 
the 
same. 
The 
DSR Reset is included 
to maintain 82072.compatibil- 
ity. Both will reset the 8272 core which affects 
drive 
status information. 
The FIFO circuits 
will also be re- 
set if the LOCK bit is a "0" 
(See section 
5.3.2 for the 
definition 
of the 
LOCK bit). The DSR Reset 
clears 
itself 
automatically 
while 
the 
OaR 
Reset 
requires 
the host to manually 
clear it. OaR 
Reset has prece- 


dence 
over the DSR Reset. 
The OaR 
Reset 
is set 
automatically 
upon 
a pin 
RESET. 
The 
user 
must 
manually 
clear this reset bit in the OaR 
to exit the 
reset state. 


DMA transfers 
are enabled 
with the SPECIFY 
com- 
mand and are initiated 
by the 82077 AA by activating 
the ORO pin during 
a data transfer 
command. 
The 
FIFO is enabled 
directly 
by asserting 
DACK and ad- 
dresses 
need not be valid. 


The 82077 AA has integrated 
all of the logic needed 
to interface 
to a floppy disk or tape drives which use 
floppy 
interface. 
All drive outputs 
have 40 mA drive 
capability 
and 
all inputs 
use a receive 
buffer 
with 
hysteresis. 
The 
internal 
analog 
data 
separator 
re- 
quires no external 
components, 
yet allows for an ex- 
tremely 
wide capture 
range with high levels of read- 


data jitter, and ISV. The designer 
needs only to run 
the 82077 AA disk drive signals 
to the disk or tape 
drive connector. 


inter 


The INVERT pin selects between using the internal 
buffers on the 82077AA or user supplied inverting 
buffers. INVERT pulled to Vcc disables the internal 
buffers; pulled to ground will enable them. There is 
no need to use external buffers with the 82077AA in 
typical PC applications. 


The polarity of the DENSEL pin is controlled through 
the IDENT pin, after hardware reset. For 5.25" 
drives a high on DENSEL tells the drive that either 
the 500 Kbps or 1 Mbps data rate is selected. For 
some 3.5" drives the polarity of DENSEL changes 
to a low for high data rates. See Table 2·6 DENSEL 
Encoding 
for IDENT pin settings. 


Additionally, the two types of drives have different 
electrical interfaces. Generally, the 5.25" drive uses 
open collector drivers and the 3.5" drives (as used 
on PS/2) use totem-pole drivers. The output buffers 
on the 82077AA do not change between open col- 
lector or totem-pole, they are always totem-pole. For 
design information on interfacing 5.25" and 3.5" 
drives to a single 82077AA, refer to Section 9. 


ANALOG 
TRIM 
DATA 


SYNC. DET. 


DATA 


The function of the data separator is to lock onto the 
incoming serial read data. When lock is achieved the 
serial front end logic of the chip is provided with a 
clock which is synchronized to the read data. The 
synchronized clock, called Data Window, is used to 
internally sample the serial data. One state of Data 
Window is used to sample the data portion of the bit 
cell, and the alternate state samples the clock por- 
tion. Serial to parallel conversion logic separates the 
read data into clock and data bytes. 


To support reliable disk/tape reads the data separa- 
tor must track fluctuations in the read data frequen- 
cy. Frequency errors primarily arise from two sourc- 
es: motor rotation speed variation and instanta- 
neous speed variation (ISV). A second condition, 
and one that opposes the ability to track frequency 
shifts is the response to bit jitter. 


The internal data separator consists of two analog 
phase lock loops (PLLs) as shown in Figure 3-1. The 
two PLLs are referred to as the reference PLL and 
the data PLL. The reference PLL (the master PLL) is 
used to bias the data PLL (the slave PLL). The refer- 
ence PLL adjusts the data PLL's operating point as a •• 
function of process, junction temperature and supply 
~ 


voltage. Using this architecture it was possible to 
eliminate the need for external trim components. 


READ 
DATA 
290166-4 


inter 


READ 
DATA 


VCO 
ENABLE 


ANALOG 
TRI~ 
DATA 
fRO~ 
REfERENCE 
PHASE 
LOCK 
LOOP 
LOOP 
I 
fiLTER 
: 


Ipi 
DATA 
WINDOW, 
VCO 
fEEDBACK 


Figure 3-2 shows 
the data PLL. The reference 
PLL 
has control 
over the loop gain by its influence 
on the 
charge pump and the vca. In addition 
the reference 
PLL controls 
the loop filter time constant. 
As a result 
the closed 
loop transfer 
function 
of the data PLL is 
cc ,trolled, 
and immune to the first order, to environ- 
me,.,tal factors 
and process 
variation. 


Systems with analog PLLs are often very sensitive 
to 
noise. 
In the 
design 
of this 
data 
separator 
many 
steps were taken to avoid noise sensitivity 
problems. 
The analog 
section 
of the chip has a separate 
VSS 
pin (AVSS) which should be connected 
externally 
to 
a noise free ground. This provides 
a clean basis for 
VSS referenced 
signals. In addition 
many analog cir- 
cuit features 
were employed 
to make the overall sys- 
tem as insensitive 
to noise as possible. 


The jitter immunity 
of the system is dominated 
by the 
data PLL's response 
to phase impulses. This is mea- 
sured 
as a percentage 
of the theoretical 
data win- 
dow by dividing the maximum 
readable 
bit shift by a 


% bitcell 
distance. 
For instance, 
if the maximum 
al- 


lowable 
bit shift 
is 300 
ns for 
a 500 
Kbps 
data 
stream, the jitter tolerance 
is 60%. The graph in Fig- 
ures 12-1 thru 12-4 and 13-1 thru 13-4 of the Data 
Separator 
Characteristics 
sections 
illustrate 
the jitter 
tolerance 
of the 
82077 AA across 
each 
frequency 
range. 


The lock, or settling 
time of the data PLL is designed 
to be 64 bit times. This corresponds 
to 4 sync by1es 
in the FM mode and 8 sync by1es in the MFM mode. 
This value 
assumes 
that the sync field jitter 
is 5% 


the bit cell or less. This level of jitter should be easily 
achieved 
for a constant 
bit pattern, 
since 
intersym- 


bol interference 
should 
be equal, 
thus nearly 
elimi- 
nating random 
bit shifting. 


Capture 
Range 
is the 
maximum 
frequency 
range 
over 
which 
the 
data 
separator 
will 
acquire 
phase 
lock with the incoming 
RDDATA 
signal. 
In a floppy 
disk 
environment, 
this 
frequency 
variation 
is com- 
posed 
of two components: 
drive motor 
speed 
error 
and ISV. Frequency 
is a factor which may determine 
the maximum 
level of the ISV (Instantaneous 
Speed 
Variation) 
component. 
In general, 
as frequency 
in- 


creases 
the allowed 
magnitude 
of the 
ISV compo- 


nent will decrease. 
When 
determining 
the 
capture 
range 
requirements, 
the 
designer 
should 
take 
the 


maximum 
amount 
of frequency 
error 
for 
the 
disk 
drive and double 
it to account 
for media 
switching 
between 
drives. 


inter 


PRECOlotP 
SELECTION 
FROlot 
DSR 


NOTE: 
PSO,1 are 8272A 
control 
signals 
but are not available 
as outputs 
on the 82077AA. 


Figure 3-3. Precompensation 
Block Diagram 


shift 
register 
is 
clocked 
at 
the 
main 
clock 
rate 
(24 MHz). The output is fed into 2 multiplexors-one 
for early and one for late. A final stage 
of multiple- 
xors 
combines 
the 
early, 
late 
and 
normal 
data 
stream 
back into one which is the WRDATA 
output. 


To provide 
a clean bias voltage 
for the internal 
data 
separator, 
two pins have been provided 
to filter this 
signal. 
It is recommended 
to place a 0.0047 
uF ca- 
pacitor 
between 
HIFIL and LOFIL to filter the refer- 
ence 
signal. 
A smaller 
capacitance 
will reduce 
the 
effectiveness 
of the filter and could result in a lower 
jitter tolerance. 
Conversely, 
a larger capacitance 
has 
the potential 
to further 
improve 
jitter 
tolerance, 
but 
will 
result 
in 
an 
increased 
settling 
time 
after 
a 
change 
in data rate. For instance, 
a filter capacitor 
of 0.005 uF will yield a settling 
time of approximately 
500 microseconds. 
Since HIFIL generates 
a relative- 
ly low current signal (approximately 
10 uA), care also 
needs to be taken to avoid external 
leakage 
on this 
pin. The quality of the capacitor, 
solder flux, grease, 
and dirt can all impact the amount 
of leakage 
on the 
board. 


The write precompensation 
logic is used to minimize 
bit shifts in the RDDATA 
stream from the disk drive. 
The shifting 
of bits is a known 
phenomena 
of mag- 
netic media 
and is dependent 
upon the disk media 
AND the floppy 
drive. 


The 82077 AA monitors 
the bit stream 
that is being 
sent to the drive. The data patterns 
that require pre- 
compensation 
are well known. 
Depending 
upon the 
pattern, the bit is shifted either early or late (or not at 
all) relative 
to the surrounding 
bits. Figure 
3-3 is a 
block diagram 
of the internal 
circuit. 


The top 
block 
is a 13-bit shift 
register 
with the 
no 
delay tap being in the center. 
This allows 6 levels of 
early and late shifting 
with respect 
to nominal. 
The 


For simplicity, 
command 
handling 
in the 
82077AA 
can be divided into three phases: Command, 
Execu- 
tion and Result. 
Each phase 
is described 
in the fol- 
lowing secions. 


After 
a reset, 
the 
82077 AA 
enters 
the 
command 
phase 
and is ready to accept 
a command 
from the 
host. 
For each 
of the commands, 
a defined 
set of 
command 
code 
bytes 
and 
parameter 
bytes 
has to 
be written 
to the 
82077 AA 
before 
the 
command 
phase 
is complete 
(Please 
refer to Section 
5.0 for 
the 
command 
descriptions). 
These 
bytes 
of 
data 
must be transferred 
in the order prescribed. 


Before writing to the 82077 AA, the host must exam- 
ine the ROM and 010 bits of the Main Status Regis- 
ter. ROM, 010 must be equal to "1" 
and "0" 
respec- 
tively before command 
bytes may be written. 
ROM is 
set false by the 82077 AA after each write cycle until 
the 
received 
byte 
is processed. 
The 82077 AA as- 
serts ROM again to request 
each parameter 
byte of 


• 


the command, unless an illegal command condition 
is detected. After the last parameter byte is re- 
ceived, ROM remains "0", and the 82077AA auto- 
matically enters the next phase as defined by the 
command definition. 


The FIFO is disabled during the command phase to 
retain compatibility with the 8272A, and to provide 
for the proper handling of the "Invalid Command" 
condition. 


All data transfers to or from the 82077AA occur dur- 
ing the execution phase, which can proceed in DMA 
or non-DMA mode as indicated in the SPECIFY 
command. 


Each data byte is transferred by an INT or DRO de- 
pending on the DMA mode. The CONFIGURE com- 
mand can enable the FIFO and set the FIFO thresh- 
old value. 


The following paragraphs detail the operation of the 
FIFO 
flow 
control. 
In 
these 
descriptions, 
< threshold> 
is defined as the number of bytes 
available to the 82077AA when service is requested 
from the host, and ranges from 1 to 16.The parame- 
ter FIFOTHR which the user programs is one less, 
and ranges from 0 to 15. 


A low threshold value (Le. 2) results in longer peri- 
ods of time between service requests, but requires 
faster servicing of the request, for both read and 
write cases. The host reads (writes) from (to) the 
FIFO until empty (full), then the transfer request 
goes inactive. The host must be very responsive to 
the service request. This is the desired case for use 
with a "fast" system. 


A high value of threshold (Le. 12) is used with a 
"sluggish" system by affording a long latency period 
after a service request, but results in more frequent 
service requests. 


4.2.1 NON-DMA 
MODE, TRANSFERS 
FROM THE 
FIFO TO THE HOST 


The INT pin and ROM bits in the Main Status Regis- 
ter are activated when the FIFO contains (16- 
< threshold» 
bytes, or the last bytes of a full sector 
transfer have been placed in the FIFO. The INT pin 
can be used for interrupt driven systems and ROM 
can be used for polled sytems. The host must re- 
spond to the request by reading data from the FIFO. 
This process is repeated until the last byte is trans- 
ferred out of the FIFO. The 82077AA will deactivate 
the INT pin and ROM bit when the FIFO becomes 
empty. 


4.2.2 NON-DMA 
MODE, TRANSFERS 
FROM THE 
HOST TO THE FIFO 


The INT pin and ROM bit in the Main Status Register 
are activated upon entering the execution phase of 
data transfer commands. The host must respond to 
the request by writing data into the FIFO. The INT 
pin and ROM bit remain true until the FIFO becomes 
full. They are set true again when the FIFO has 
<threshold> 
bytes remaining in the FIFO. The INT 
pin will also be deactivated if TC and DACK# both 
go inactive. The 82077AA enters the result phase 
after the last byte is taken by the 82077AA from the 
FIFO (Le. FIFO empty condition). 


4.2.3 DMA MODE, TRANSFERS 
FROM THE FIFO 
TO THE HOST 


The 82077AA activates the DRO pin when the FIFO 
contains (16-<threshold» 
bytes, or the last byte 
of a full sector transfer has been placed in the FIFO. 
The DMA controller must respond to the request by 
reading data from the FIFO. The 82077AA will deac- 
tivate the DRO pin when the FIFO becomes empty. 
DRO goes inactive after DACK# goes active for the 
last byte of a data transfer (or on the active edge of 
RD#, on the last byte, if no edge is present on 
DACK#). A data underrun may occur if DRO is not 
removed in time to prevent an unwanted cycle. 


inter 


4.2.4 DMA MODE, TRANSFERS 
FROM THE 
HOST TO THE FIFO 


The 82077 AA activates 
the ORO pin when entering 
the execution 
phase of the data transfer 
commands. 


The OMA controller 
must respond 
by activating 
the 
OACK # 
and 
WR # 
pins 
and 
placing 
data 
in the 
FIFO. ORO remains 
active 
until the FIFO becomes 
full. 
ORO 
is again 
set 
true. when 
the 
FIFO 
has 


<threshold> 
bytes 
remaining 
in 
the 
FIFO. 
The 
82077 AA will also deactivate 
the ORO pin when TC 
becomes 
true (qualified 
by OACK #), indicating 
that 
no more 
data is required. 
ORO goes 
inactive 
after 
OACK # goes active for the last byte of a data trans- 
fer (or on the active edge of WR# 
of the last byte, if 
no edge is present 
on OACK#). 
A data overrun 
may 
occur 
if ORO is not removed 
in time to prevent 
an 
unwanted 
cycle. 


The 
82077 AA 
supports 
terminal 
count 
explicitly 
through 
the TC pin and implicitly 
through 
the under- 
run/overrun 
and end-of-track 
(EOT) 
functions. 
For 
full sector 
transfers, 
the EOT parameter 
can define 
the last sector 
to be transferred 
in a single or multi- 
sector transfer. 
If the last sector to be transferred 
is 
a partial 
sector, 
the host can stop transferring 
the 
data in mid-sector, 
and the 82077AA 
will continue 
to 
complete 
the 
sector 
as if a hardware 
TC was 
re- 
ceived. 
The only difference 
between 
these 
implicit 


functions 
and TC is that they return "abnormal 
termi- 
nation" 
result status. Such status indications 
can be 


ignored 
if they were expected. 


Note that when the host is sending 
data to the FIFO 
of the 
82077 AA, the 
internal 
sector 
count 
will 
be 
complete 
when 82077 AA reads the last byte from its 


side of the FIFO. There may be a delay in the remov- 
al of the transfer 
request 
signal 
of up to the time 
taken for the 82077 AA to read the last 16 bytes from 
the FIFO. The host must tolerate 
this delay. 


The generation 
of INT determines 
the beginning 
of 
the result phase. 
For each of the commands, 
a de- 
fined 
set of result 
bytes 
has to be read 
from 
the 
82077 AA before the result phase 
is complete. 
(Re- 


fer to Section 
5.0 on command 
descriptions.) 
These 
bytes of data must be read out for another 
command 
to start. 


ROM and 010 must both equal "1" 
before the result 
bytes may be read from the FIFO. After all the result 
bytes have been read, the ROM and 010 bits switch 
to 
"1" 
and 
"0" 
respectively, 
and 
the 
CB 
bit 
is 
cleared. 
This indicates 
that the 82077 AA is ready to 
accept 
the next command. 


Commands 
can be written whenever 
the 82077 AA is 4 


in 
the 
command 
phase. 
Each 
command 
has 
a 
unique set of needed 
parameters 
and status results. 


The 82077 AA checks 
to see that the first byte is a 
valid command 
and, if valid, proceeds 
with the com- 


mand. If it was invalid, the next time the ROM bit in 
the MSR register 
is a "1" 
the 010 and CB bits will 


also 
be "1", 
indicating 
the 
FIFO 
must 
be read. 
A 
result byte of 80H will be read out of the FIFO, indi- 
cating an invalid command 
was issued. After reading 
the result 
byte from the FIFO the 82077AA 
will re- 


turn to the command 
phase. Table 5-1 is a summary 
of the Command 
set. 


Phase 
R/W 
DATA 
BUS 
Remarks 


07 
06 
05 
04 
03 
02 
01 
Do 


READ 
DATA 


Command 
W 
MT 
MFM 
SK 
0 
0 
1 
1 
0 
Command 
Codes 


W 
0 
0 
0 
0 
0 
HDS 
DS1 
DSO 
W 
C 
Sector 
ID information 
prior 


W 
H 
to Command 
execution 


W 
R 
W 
N 
W 
EOT 


W 
GPL 
W 
DTL 


Execution 
Data transfer 
between 
the 


FDD and system 


Result 
R 
STO 
Status 
information 
after 


R 
STl 
Command 
execution 


R 
ST2 


R 
C 


R 
H 
Sector 
ID information 
after 


R 
R 
Command 
execution 


R 
N 


READ 
DELETED 
DATA 


Command 
W 
MT 
MFM 
SK 
0 
1 
1 
0 
0 
Command 
Codes 


W 
0 
0 
0 
0 
0 
HDS 
DSl 
DSO 


W 
C 
Sector 
10 information 
prior 


W 
H 
to Command 
execution 


W 
R 
W 
N 
W 
EOT 
W 
GPL 
W 
DTL 


Execution 
Data transfer 
between 
the 


FDD and system 


Result 
R 
STO 
Status 
information 
after 


R 
STl 
Command 
execution 


R 
ST2 


R 
C 


R 
H 
Sector 
10 information 
after 


R 
R 
Command 
execution 


R 
N 


WRITE 
DATA 


Command 
W 
MT 
MFM 
0 
0 
0 
1 
0 
1 
Command 
Codes 
W 
0 
0 
0 
0 
0 
HDS 
DS1 
DSO 


W 
C 
Sector 
10 information 
prior 


W 
H 
to Command 
execution 


W 
R 
W 
N 
W 
EOT 
W 
GPL 
W 
DTL 


Execution 
Data transfer 
between 
the 
system 
and FDD 


Result 
R 
STO 
Status 
information 
after 


R 
STl 
Command 
execution 


R 
ST2 


R 
C 


R 
H 
Sector 
ID information 
after 


R 
R 
Command 
execution 


R 
N 
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Phase 
R/W 
DATA 
BUS 
Remarks 


07 
06 
05 
04 
03 
02 
01 
Do 


WRITE 
DELETED 
DATA 


Command 
W 
MT 
MFM 
0 
0 
1 
0 
0 
1 
Command 
Codes 


W 
0 
0 
0 
0 
0 
HDS 
DSI 
DSO 
W 
C 
Sector 
ID information 
prior 


W 
H 
to Command 
execution 


W 
R 
W 
N 
W 
EDT 
W 
GPL 
W 
DTL 
Execution 
Data transfer 
between 
the 


FDD and system 


Result 
R 
STO 
Status 
information 
after 


R 
STI 
Command execution 


R 
ST2 
R 
C 
R 
H 
Sector 
ID information 
after 


R 
R 
Command execution 


R 
N 


READ 
TRACK 


Command 
W 
0 
MFM 
0 
0 
0 
0 
1 
0 
Command 
Codes 


W 
0 
0 
0 
0 
0 
HDS 
DSI 
DSO 
W 
C 
Sector 
ID information 
prior 


W 
H 
to Command execution 
W 
R 
W 
N 
W 
EDT 
W 
GPL 
W 
DTL 
Execution 
Data transfer 
between 
the 


FDD and system. 
FDC 


reads 
all of cylinders 


contents 
from index hole to 


EDT 


Result 
R 
STO 
Status 
information 
after 


R 
STI 
Command 
execution 


R 
ST2 
R 
C 
R 
H 
Sector 
ID information 
after 


R 
R 
Command execution 


R 
N 


VERIFY 


Command 
W 
MT 
MFM 
SK 
1 
0 
1 
1 
0 
Command 
Codes 
" 


W 
EC 
0 
0 
0 
0 
HDS 
DSI 
DSO 
W 
C 
Sector 
10 information 
prior 


W 
H 
to Command execution 


W 
R 
W 
N 
W 
EDT 
W 
GPL 
W 
DTL/SC 


Execution 
No data transfer 
takes 


place 


Result 
R 
STO 
Status 
information 
after 


R 
STI 
Command 
execution 


R 
ST2 
R 
C 
R 
H 
Sector 
ID information 
after 


R 
R 
Command 
execution 


R 
N 


VERSION 


Command 
W 
0 
0 
0 
1 
0 
0 
0 
0 
Command 
Code 


Result 
R 
1 
0 
0 
1 
0 
0 
0 
0 
Enhanced 
Controller 


• 


inter 


Phase 
R/W 
DATA 
BUS 
Remarks 
07 
06 
05 
04 
03 
02 
01 
Do 


FORMAT 
TRACK 


Command 
W 
0 
MFM 
0 
0 
1 
1 
0 
1 
Command 
Codes 


W 
0 
0 
0 
0 
0 
HDS 
DS1 
DSO 


W 
N 
Bytes/Sector 


W 
SC 
Sectors/Cylinder 


W 
GPL 
Gap3 


W 
D 
Filler Byte 


Execution 


For Each 
W 
C 


Sector 
W 
H 
Input Sector 


Repeat: 
W 
R 
Parameters 


W 
N 


82077M 
formats 
an entire 
cylinder 


Result 
R 
STO 
Status 
information 
after 


R 
ST1 
Command 
execution 


R 
ST2 


R 
Undefined 


R 
Undefined 


R 
Undefined 


R 
Undefined 


RECALIBRATE 


Command 
W 
0 
0 
0 
0 
0 
1 
1 
1 
Command 
Codes 
W 
0 
0 
0 
0 
0 
0 
DS1 
DSO 


Execution 
Head retracted 
to Track 
0 
Interrupt 


SENSE 
INTERRUPT 
STATUS 


Command 
W 
0 
0 
0 
0 
1 
0 
0 
0 
Command 
Codes 


Result 
R 
STO 
Status 
information 
at the 


R 
PCN 
end of each seek operation 


SPECIFY 


Command 
W 
0 
0 
0 
0 
0 
0 
1 
1 
Command 
Codes 
W 
SRT 
HUT 
W 
HLT 
ND 


SENSE 
DRIVE 
STATUS 


Command 
W 
0 
0 
0 
0 
0 
1 
0 
0 
Command 
Codes 
W 
0 
0 
0 
0 
0 
HDS 
DS1 
DSO 


Result 
R 
ST3 
Status 
information 
about 
FDD 


SEEK 


Command 
W 
0 
0 
0 
0 
1 
1 
1 
1 
Command 
Codes 
W 
0 
0 
0 
0 
0 
HDS 
DS1 
DSO 
W 
NCN 


Execution 
Head is positioned 
over 
proper 
CYlinder 
on Diskette 


CONFIGURE 


Command 
W 
0 
0 
0 
1 
0 
0 
1 
1 
Configure 
Information 
W 
0 
0 
0 
0 
0 
0 
0 
0 
W 
0 
EIS 
EFIFO 
POLL 
FIFOTHR 
___ 


W 
PRETRK 


RELATIVE 
SEEK 


Command 
W 
1 
DIR 
0 
0 
1 
1 
1 
1 
W 
0 
0 
0 
0 
0 
HDS 
DS1 
DSO 
W 
RCN 


inter 


Phase 
R/W 
DATA 
BUS 
I 
Remarks 
07 
06 
05 
D. 
03 
02 
01 
Do 
I 


DUMPREG 


Command 
W 
0 
0 
0 
0 
1 
1 
1 
0 
-Note 


Execution 
Registers 
placed 
in FIFO 


Result 
R 
PCN-DriveO 


R 
PCN·Drive 
1 


R 
PCN-Drive2 


R 
PCN-Drive 
3 


R 
SRT 
HUT 


R 
HLT 
ND 


R 
SC/EOT 


R 
LOCK 
0 
D3 
D2 
Dl 
Do 
GAP 
WGATE 


R 
0 
EIS 
EFIFO 
POLL 
FIFOTHR 


R 
PRETRK 


READ 10 


Command 
W 
0 
MFM 
0 
0 
1 
0 
.1 
0 
Commands 


W 
0 
0 
0 
0 
0 
HDS 
DSI 
DSO 


Execution 
The first correct 
ID 
information 
on the Cylinder 


is stored 
in Data Register 


Result 
R 
STO 
Status 
information 
after 


R 
STI 
Command 
execution 


R 
ST2 


R 
C 


R 
H 
Disk status 
after the 


R 
R 
Command 
has completed. 


R 
N 


PERPENDICULAR 
MODE 


Command 
W 
0 
0 
0 
1 
0 
0 
1 
0 
Command 
Codes 


W 
OW 
0 
D3 
D2 
D1 
DO 
GAP 
WGATE 


LOCK 


Command 
W 
LOCK 
0 
0 
1 
0 
1 
0 
0 
Command 
Code 


Result 
R 
0 
0 
0 
LOCK 
0 
0 
0 
0 


INVALID 


Command 
W 
Invalid 
Codes 
Invalid 
Command 
Codes 
(NoOp 
- 
82077 AA goes 


into Standby 
State) 


Result 
R 
STO 
STO 
~ 
80H 


SC is returned 
if the last command 
that was issued was the FORMAT 
command. 
EOT is returned 
if the last command 
was a 
READ or WRITE. 


NOTE: 
These 
bits are used internally 
only. They 
are not reflected 
in the Drive Select 
pins. 
It is the users 
responsibility 
to maintain 
correspondence 
between 
these 
bits and the Drive Select 
pins (DOR). 


PARAMETER 
ABBREVIATIONS 


Symbol 
C 


Symbol 


DIR 
Description 


Direction 
control. 
If this bit is 0, then the 


head will step out from the spindle 
during 


a relative 
seek. If set to a 1, the head will 


step in toward 
the spindle. 


Disk Drive Select. 


Description 


Cylinder 
address. 
The currently 
select- 
ed cylinder 
address, 
0 to 255. 


Drive 
Select 
0-3. 
Designates 
which 
drives 
are Perpendicular 
drives, 
a "1" 
indicating 
Perpendicular 
drive. 


Data pattern. 
The pattern 
to be written 


in each sector 
data field during format- 
ting. 


DS1 
DSO 


0 
0 
drive 0 


0 
1 
drive 1 


1 
0 
drive 2 


1 
1 
drive 3 


• 


inter 


Symbol 


DTL 


Description 


Special 
sector 
size. By setting 
N to zero 
(00), 
DTL 
may 
be 
used 
to 
control 
the 
number 
of 
bytes 
transferred 
in 
disk 
read/write 
commands. 
The sector size (N 
= 0) is set to 128. If the actual sector (on 
the diskette) 
is larger 
than 
DTL, the 
re- 
mainder 
of the actual sector is read but is 
not passed 
to the host during read com- 
mands; 
during 
write 
commands, 
the 
re- 
mainder 
of 
the 
actual 
sector 
is written 
with all zero bytes. The CRC check 
code 
is calculated 
with the actual sector. When 
N is not zero, DTL has no meaning 
and 
should 
be set to FF HEX: 


Enable 
Count. 
When 
this 
bit is "1" 
the 
"DTL" 
parameter 
of the Verify Command 
becomes 
SC 
(Number 
of 
sectors 
per 
track). 


Enable FIFO. When this bit is 0, the FIFO 
is enabled. 
A "1" 
puts the 
82077 AA in 
the 
8272A 
compatible 
mode 
where 
the 
FIFO is disabled. 


Enable 
implied 
seek. 
When 
set, a seek 
operation 
will be performed 
before 
exe- 
cuting any read or write command 
that re- 
quires 
the C parameter 
in the command 
phase. 
A "0" 
disables 
the implied 
seek. 


End of track. 
The final sector 
number 
of 
the current 
track. 


Alters 
Gap 2 length 
when 
using Perpen- 
dicular 
Mode. 


Gap length. The gap 3 size. (Gap 3 is the 
space 
between 
sectors 
excluding 
the 
VCO synchronization 
field). 


Head 
address. 
Selected 
head: 
0 or 
1 
(disk side 0 or 1) as encoded 
in the sector 
ID field. 


Head 
load 
time. 
The 
time 
interval 
that 
82077 M 
waits 
after 
loading 
the 
head 
and before initiating a read or write opera- 
tion. Refer to the SPECIFY 
command 
for 
actual delays. 


Head unload time. The time interval 
from 
the end of the execution 
phase (of a read 
or write 
command) 
until the head 
is un- 
loaded. 
Refer to the SPECIFY 
command 
for actual delays. 


Lock 
defines 
whether 
EFIFO, 
FIFOTHR, 
and 
PRETRK 
parameters 
of 
the 
CON- 
FIGURE 
command 
can be reset to their 
default 
values 
by 
a 
"Software 
Reset" 
(Reset 
made by setting 
the proper 
bit in 
the DSR or DOR registers). 


MFM/FM 
mode 
selector. 
A one 
selects 
the double 
density 
(MFM) 
mode. 
A zero 
selects 
single density 
(FM) mode. 


Symbol 
MT 


Description 


Multi-track 
selector. 
When 
set, this 
flag 
selects the multi-track 
operating 
mode. In 
this 
mode, 
the 
82077 AA 
treats 
a com- 
plete cylinder, 
under 
head 0 and 1, as a 
single track. The 82077 AA operates 
as if 
this 
expanded 
track 
started 
at the 
first 
sector 
under 
head 
0 and 
ended 
at the 
last sector 
under 
head 
1. With 
this flag 
set, a multitrack 
read or write 
operation 
will automatically 
continue 
to the first sec- 
tor under head 1 when the 82077 AA fin- 
ishes operating 
on the last sector 
under 
head O. 


Sector 
size code. This specifies 
the num- 
ber of bytes in a sector. 
If this parameter 
is "00", 
then the sector 
size is 128 bytes. 


The number of bytes transferred 
is deter- 
mined 
by the DTL parameter. 
Otherwise 
the sector 
size is (2 raised to the "N'th" 
power) 
times 
128. All values 
up to "07" 
hex are allowable. 
"07"h 
would 
equal 
a 
sector 
size of 16k. It is the users respon- 
sibility to not select combinations 
that are 
not possible 
with the drive. 


N 
Sector Size 


00 
128 bytes 
01 
256 bytes 
02 
512 bytes 
03 
1024 bytes 
.. 
... 


07 
16 Kbytes 


New cylinder 
number. 
The desired 
cylin- 
der number. 


Non-DMA 
mode flag. When set to 1, indi- 
cates 
that the 82077 AA is to operate 
in 
the 
non-DMA 
mode. 
In this 
mode, 
the 
host is interrupted 
for each data transfer. 


When set to 0, the 82077 AA operates 
in 
DMA mode, interfacing 
to a DMA control- 
ler by means 
of the 
DRO 
and 
DACK # 
signals. 


The bits denoted 
Do, D1, D2' and 
D3 of 
the PERPENDICULAR 
MODE command 
can only be overwritten 
when the OW bit 
is set to "1". 


Present 
cylinder 
number. The current 
po- 
sition 
of the 
head 
at the 
completion 
of 
SENSE INTERRUPT 
STATUS 
command. 


Polling 
disable. 
When 
set, 
the 
internal 
polling 
routine 
is disabled. 
When 
clear, 


polling is enabled. 


Precompensation 
start 
track 
number. 


Programmable 
from track 00 to FFH. 


Symbol 


R 


Description 


Sector address. 
The sector 
number to be 
read or written. 
In multi-sector 
transfers, 
this parameter 
specifies 
the sector 
num- 
ber of the first sector 
to be read or writ- 
ten. 


Relative 
cylinder 
number. 
Relative 
cylin- 
der offset 
from present 
cylinder 
as used 
by the RELATIVE 
SEEK command. 


Number 
of sectors. 
The number 
of sec- 
tors 
to 
be 
initialized 
by 
the 
FORMAT 
cOmmand. 
The number 
of sectors 
to be 
verified 
during 
a Verify 
Command, 
when 
EC is set. 


Skip flag. When set to 1, sectors 
contain- 
ing a deleted 
data address mark will auto- 
matically 
be skipped 
during the execution 
of READ DATA. If READ DELETED 
is ex- 
ecuted, 
only 
sectors 
with 
a deleted 
ad- 
dress mark will be accessed. 
When set to 
"0", 
the 
sector 
is read 
or 
written 
the 
same as the read and write commands. 


Step 
rate interval. 
The time 
interval 
be- 
tween 
step 
pulses 
issued 
by 
the 
82077 AA. 
Programmable 
from 
0.5 to 8 
milliseconds, 
in increments 
of 0.5 ms at 
the 1 Mbit data rate. Refer to the SPECI- 
FY command 
for actual delays. 


Status 
register 0-3. Registers 
within 
the 
82077 AA that store status information 
af- 
ter a command 
has been executed. 
This 
status information 
is available 
to the host 
during 
the 
result 
phase 
after 
command 
execution. 


WGATE 
Write 
gate alters 
timing 
of WE, to allow 
for 
pre-erase 
loads 
in 
perpendicular 
drives. 


STO 
ST1 
ST2 
ST3 


5.1 
Data Transfer 
Commands 


All of the READ 
DATA, WRITE 
DATA and VERIFY 
type commands 
use the same parameter 
bytes and 
return the same results 
information. 
The only differ- 
ence being the coding 
of bits 0-4 in the first byte. 


An implied 
seek will be executed 
if the feature 
was 
enabled 
by the CONFIGURE 
command. 
This seek is 
completely 
transparent 
to the user. The Drive Busy 
bit for the drive will go active in the Main Status Reg- 
ister during the seek portion 
of the command. 
If the 
seek 
portion 
fails, it will be reflected 
in the results 
status 
normally 
returned 
for a READ/WRITE 
DATA 
command. 
Status 
Register 
0 (STO) would 
contain 
the error code and C would 
contain 
the cylinder 
on 
which the seek failed. 


5.1.1 READ DATA 


A set 
of 
nine 
(9) 
bytes 
is required 
to 
place 
the 
82077 AA into the Read Data Mode. After the READ 
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OAT A command 
has 
been 
issued, 
the 
82077 AA 
loads the head (if it is in the unloaded 
state), 
waits 
the 
specified 
head 
settling 
time 
(defined 
in 
the 
SPECIFY command), 
and begins reading 10 Address 
Marks and 10 fields. When the sector 
address 
read 
off 
the 
diskette 
matches 
with 
the 
sector 
address 
specified 
in the command, 
the 82077 AA reads 
the 
sector's 
data 
field 
and 
transfers 
the 
data 
to 
the 
FIFO. 


After completion 
of the read operation 
from the cur- 
rent 
sector, 
the 
sector 
address 
is incremented 
by 
one, and the data from the next logical sector is read 
and output via the FIFO. This continuous 
read func- 


tion is called 
"Multi-Sector 
Read Operation". 
Upon 
receipt 
of TC, or an implied 
TC (FIFO 
overrun/un- 
derrun), 
the 82077 AA stops 
sending 
data, 
but will 
continue 
to read data from the current sector, 
check 
the CRC bytes, and at the end of the sector 
termi- 
nate the READ DATA Command. 


N determines 
the number 
of bytes 
per sector 
(see 
Table 5-2 below). 
If N is set to zero, the sector 
size 
is set to 128. The DTL value determines 
the number 
of bytes to be transferred. 
If DTL is less than 
128, 


the 
82077 AA 
transfers 
the 
specified 
number 
of 
bytes to the host. For reads, it continues 
to read the 
4 


entire 
128 byte sector 
and checks 
for CRC errors. 
For writes it completes 
the 128 byte sector 
by filling 
in zeroes. 
If N is not set to 00 Hex, DTL should 
be 
set to FF Hex, and has no impact on the number 
of 
bytes transferred. 


Table 
5-2. Sector 
Sizes 


N 
Sector 
Size 


00 
128 bytes 
01 
256 bytes 
02 
512 bytes 
03 
1024 bytes 
.. 
. .. 
07 
16 Kbytes 


The 
amount 
of data which 
can be handled 
with 
a 
single command 
to the 82077 AA depends 
upon MT 
(multi-trClck) and N (Number 
of bytes/sector). 


Table 
5-3. Effects 
of MT and N Bits 


MT 
N 
Max. Transfer 
Final Sector 
Capacity 
Read from 
Disk 


0 
1 
256 x 26 = 
6,656 
26 at side 0 or 1 
1 
1 
256 x 52 = 
13,312 
26 at side 1 
0 
2 
512 x 15 = 
7,680 
15 at side 0 or 1 
1 
2 
512 x 30 = 15,360 
15 at side 1 
0 
3 
1024 x 
8= 
8,192 
8 at side 0 or 1 
1 
3 
1024 x 16 = 16,384 
16 at side 1 


The 
Multi-Track 
function 
(MT) allows 
the 82077AA 
to read data from both sides of the diskette. 
For a 
particular 
cylinder, 
data will be transferred 
starting 
at 
Sector 
1, Side 0 and completing 
at the last sector of 
the same track at Side 1. 


If the host terminates 
a read or write operation 
in the 
82077 AA, then the 10 information 
in the result phase 
is dependent 
upon the state of the MT bit and EDT 
byte. Refer to Table 5-6. 


At the 
completion 
of the 
READ 
DATA 
Command, 
the head is not unloaded 
until after the Head Unload 
Time Interval 
(specified 
in the SPECIFY 
command) 
has elapsed. 
If the 
host 
issues 
another 
command 
before the head unloads 
then the head settling 
time 
may be saved between 
subsequent 
reads. 


If the 82077AA 
detects 
a pulse on the lOX pin twice 
without 
finding 
the 
specified 
sector 
(meaning 
that 
the diskette's 
index 
hole passes 
through 
index de- 
tect logic in the drive twice), 
the 82077 AA sets the 
IC code in Status 
Register 
0 to "01" 
(Abnormal 
ter- 
mination), 
and sets the NO bit in Status Register 
1 to 


"1" 
indicating 
a sector not found, and terminates 
the 
READ DATA Command. 


After reading 
the 10 and Data Fields in each sector, 
the 82077 AA checks 
the CRC bytes. If a CRC error 
occurs 
in the 10 or data field, the 82077 AA sets the 
IC code in Status 
Register 
0 to "01" 
(Abnormal 
ter- 
mination), 
sets the DE bit flag in Status Register 
1 to 
"1 ", sets the 
DO bit in Status 
Register 
2 to "1" 
if 
CRC is incorrect 
in the 10 field, and terminates 
the 
READ DATA Command. 


Table 5-4 below describes 
the affect of the SK bit on 
the READ DATA command 
execution 
and results. 


Table 
5-4. Skip Bit vs READ DATA Command 


SKBlt 
Data Address 
Results 


Value 
Mark Type 
Sector 
CMBit 
Description 
of 
Encountered 
Read? 
ofST2 
Set? 
Results 


0 
Normal 
Data 
Yes 
No 
Normal 
Termination. 
0 
Deleted 
Data 
Yes 
Yes 
Address 
Not 
Incremented. 
Next Sector 
Not Searched 
For. 


1 
Normal 
Data 
Yes 
No 
Normal 
Termination. 


1 
Deleted 
Data 
No 
Yes 
Normal 
Termination 
Sector 
Not 
Read 
("Skipped"). 


Except where noted in Table 5-4, the C or R value of 
the 
sector 
address 
is 
automatically 
incremented 
(see Table 5-6). 


This command 
is the same as the READ DATA com- 
mand, only it operates 
on sectors 
that contain 
a De- 
leted Data Address 
Mark at the beginning 
of a Data 
Field. 


Table 
5-5 describes 
the affect 
of the SK bit on the 
READ DELETED 
DATA command 
execution 
and re- 
sults. 


Table 
5-5. Skip Bit vs 
READ DELETED 
DATA Command 


Data Address 
Results 
SKBlt 
Mark Type 
Value 
Sector 
eM Bit of 
Description 
Encountered 
Read? 
ST2set? 
of R,!sults 


0 
Normal Data 
Yes 
Yes 
Address Not 
Incremented. 
Next Sector 
Not 
Searched 
For. 


0 
Deleted Data 
Yes 
No 
Normal 
Termination. 


1 
Normal Data 
No 
Yes 
Normal 
Termination 
Sector Not 
Read 
("Skipped"). 


1 
Deleted Data 
Yes 
No 
Normal 
Termination. 


Except where 
noted in Table 5-5 above, 
the C or R 
value 
of the sector 
address 
is automatically 
incre- 
mented 
(See Table 5-6). 


This command 
is similar 
to the READ 
DATA 
com- 
mand except that the entire data field is read contin- 
uously from each of the sectors 
of a track. 
Immedi- 
ately after encountering 
a pulse on the lOX pin, the 
82077 AA starts to read all data fields on the track as 
continuous 
blocks 
of data without 
regard 
to logical 
sector numbers. 
If the 82077 AA finds an error in the 
10 or DATA CRC check 
bytes, 
it continues 
to read 
data from 
the track 
and sets the appropriate 
error 


bits at the end of the command. 
The 82077 AA com- 
pares the 10 information 
read from each sector 
with 
the specified 
value 
in the command, 
and 
sets 
the 
NO flag of Status 
Register 
1 to a "1" 
if there 
is no 
comparison. 
Multi-track 
or skip operations 
are not 
allowed 
with 
this 
command. 
The 
MT and 
SK bits 
(Bits 07 and 05 of the first command 
byte respec- 
tively) should always 
be set to "0". 


This command 
terminates 
when the EDT specified 
number 
of sectors 
have been read. If the 82077 AA 


MT 
Head 
Final Sector Transferred 
10 Information 
at Result Phase 
to Host 
C 
H 
R 
N 


0 
Less than EOT 
NC 
NC 
R+1 
NC 


0 
Equal to EOT 
C+1 
NC 
01 
NC 


1 
Less than EOT 
NC 
NC 
R+1 
NC 


Equal to EOT 
C+1 
NC 
01 
NC 


0 
Less than EOT 
NC 
NC 
R+1 
NC 


1 
Equal to EOT 
NC 
LSB 
01 
NC 


1 
Less than EOT 
NC 
NC 
R+1 
NC 


Equal to EOT 
C+1 
LSB 
01 
NC 


NC: no change, 
the same value 
as the one at the beginning 
of command 
execution. 


LSS: least significant 
bit, the LSS of H is complemented. 


does 
not find an ID Address 
Mark on the diskette 
after the second 
occurrence 
of a pulse on the IDX 
pin, then it sets the IC code in Status 
Register 
0 to 
"01" 
(Abnormal 
termination), 
sets 
the 
MA 
bit 
in 
Status 
Register 
1 to "1 ", and terminates 
the com- 
mand. 


5.1.4 WRITE 
DATA 


After the WRITE 
DATA command 
has been issued, 
the 82077 AA loads the head (if it is in the unloaded 
state), waits the specified 
head load time if unloaded 
(defined 
in the 
SPECIFY 
command), 
and 
begins 
reading 
ID Fields. 
When 
the 
sector 
address 
read 
from the diskette 
matches 
the sector address 
speci- 
fied in the command, 
the 82077 AA reads the data 
from the host via the FIFO, and writes it to the sec- 
tor's data field. 


After 
writing 
data 
into 
the 
current 
sector, 
the 
82077 AA computes 
the CRC value and writes it into 
the CRC field at the end of the sector 
transfer. 
The 
Sector 
Number stored in "R" 
is incremented 
by one, 
and the 82077 AA continues 
writing to the next data 
field. 
The 
82077 AA 
continues 
this 
"Multi-Sector 
Write 
Operation". 
Upon receipt 
of a terminal 
count 
signal 
or if a FIFO over/under 
run occurs 
while 
a 
data field is being written, 
then the remainder 
of the 
data field is filled with zeros. 


The 82077AA 
reads the ID field of each sector 
and 
checks 
the CRC bytes. 
If it detects 
a CRC error in 
one of the 
ID Fields, 
it sets the 
IC code 
in Status 
Register 
0 to "01" 
(Abnormal 
termination), 
sets the 
DE bit of Status 
Register 
1 to "1", 
and terminates 
the WRITE 
DATA command. 


The WRITE 
DATA command 
operates 
in much the 
same 
manner 
as the 
READ 
DATA 
command. 
The 
following 
items 
are the 
same. 
Please 
refer 
to the 
READ DATA Command 
for details: 


• 
Transfer 
Capacity 


• 
EN (End of Cylinder) 
bit 


• 
ND (No Data) bit 


• 
Head Load, Unload Time Interval 


• 
ID information 
when the host terminates 
the com- 
mand. 


• 
Definition 
of DTL when N = 0 and when N does 
not = O. 


5.1.5 WRITE 
DELETED 
DATA 


This 
command 
is almost 
the 
same 
as the WRITE 
DATA 
command 
except 
that 
a Deleted 
Data 
Ad- 
dress 
Mark is written 
at the beginning 
of the Data 
Field instead of the normal Data Address 
Mark. This 
command 
is typically 
used to mark a bad sector con- 
taining an error on the floppy 
disk. 


5.1.6 VERIFY 


The 
VERIFY 
command 
is used 
to verify 
the 
data 
stored 
on a disk. This command 
acts exactly 
like a 
READ DATA command 
except that no data is trans- 
ferred 
to the host. Data is read from the disk, CRC 
computed 
and 
checked 
against 
the 
previously 
stored value. 


Because 
no data is transferred 
to the host, TC (pin 
25) cannot 
be used to terminate 
this command. 
By 
setting the EC bit to "1" 
an implicit TC will be issued 
to the 82077 AA. This implicit TC will occur when the 
SC value has decrement 
to 0 (an SC value of 0 will 
verify 256 sectors). 
This command 
can also be ter- 
minated 
by setting 
the EC bit to "0" 
and the 
EOT 
value equal to the final sector to be checked. 
If EC is 
set to "0" 
DTL/SC 
should be programmed 
to OFFH. 
Refer 
to Table 
5-6 and 
Table 
5-7 for 
information 
concerning 
the values of MT and EC versus SC and 
EOT value. 


Definitions: 


# Sectors 
Per Side = Number of formatted 
sectors 
per each side of the disk. 


# Sectors 
Remaining 
= Number 
of formatted 
sec- 


tors left which 
can be read, including 
side 1 of the 
disk if MT is set to "1". 


inter 


MT 
EC 
SC/EOT 
Value 
Termination 
Result 


0 
0 
SC = DTL 
Successful 
Termination 
EOT ~ # Sectors 
Per Side 
Result Phase Valid 


0 
0 
SC = DTL 
Unsuccessful 
Termination 
EOT > # Sectors 
Per Side 
Result Phase Invalid 


0 
1 
SC ~ # Sectors 
Remaining 
Successful 
Termination 
AND 
Result Phase Valid 
EOT ~ # Sectors 
Per Side 


0 
1 
SC > # Sectors 
Remaining 
Unsuccessful 
Termination 
OR 
Result Phase Invalid 
EOT > # Sectors 
Per Side 


1 
0 
SC = DTL 
Successful 
Termination 
EOT ~ # Sectors 
Per Side 
Result Phase Valid 


1 
0 
SC = DTL 
Unsuccessful 
Termination 
EOT > # Sectors 
Per Side 
Result Phase Invalid 


1 
1 
SC ~ # Sectors 
Remaining 
Successful 
Termination 
AND 
Result Phase Valid 
EOT ~ # Sectors 
Per Side 


1 
1 
SC > # Sectors 
Remaining 
Unsuccessful 
Termination 
OR 
Result Phase Invalid 
EOT > # Sectors 
Per Side 


NOTE: 
If MT is set to "1" 
and the SC value is greater 
than the number 
of remaining 
formatted 
sectors 
on Side 0, verifying 
will 
continue 
on Side 1 of the disk. 


The FORMAT 
command 
allows an entire track to be 
formatted. 
After a pulse from the IDX pin is detected, 
the 82077 AA starts writing data on the disk including 
Gaps, Address 
Marks, ID Fields and Data Fields, per 
the IBM System 
34 or 3740 format 
(MFM or FM re- 
spectively). 
The particular 
values that will be written 
to the gap and data field are controlled 
by the values 
programmed 
into N, SC, GPL, and D which are spec- 
ified 
by the 
host 
during 
the command 
phase. 
The 
data field 
of the sector 
is filled with the data byte 
specified 
by D. The ID Field for each sector 
is sup- 
plied by the host; that is, four data bytes per sector 
are needed 
by the 82077AA 
for C, H, R, and N (cyl- 
inder, head, sector 
number 
and sector 
size respec- 
tively). 


After 
formatting 
each 
sector, 
the 
host 
must 
send 
new values for C, H, Rand 
N to the 82077 AA for the 
next sector 
on the track. 
The R value (sector 
num- 
ber) is the only value that must be changed 
by the 
host after each sector 
is formatted. 
This allows 
the 
disk to be formatted 
with nonsequential 
sector 
ad- 
dresses 
(interleaving). 
This 
incrementing 
and 
for- 
matting 
continues 
for 
the 
whole 
track 
until 
the 
82077 AA encounters 
a pulse on the IDX pin again 
and it terminates 
the command. 


Table 5-8 contains 
typical values for gap fields which 
are dependent 
upon the size of the sector 
and the 
number of sectors 
on each track. Actual values 
can 
vary due to drive electronics. 


inter 


Sector Size 
N 
SC 
GPL1 
GPL2 


128 
00 
12 
07 
09 
128 
00 
10 
10 
19 
512 
02 
08 
18 
30 
FM 
1024 
03 
04 
46 
87 
2048 
04 
02 
C8 
FF 
4096 
05 
01 
C8 
FF 


.. . 
... 


256 
01 
12 
OA 
OC 
256 
01 
10 
20 
32 
512- 
02 
09 
2A 
50 
MFM 
1024 
03 
04 
80 
FO 
2048 
04 
02 
C8 
FF 
4096 
05 
01 
C8 
FF 
... 
... 


128 
0 
OF 
07 
18 
FM 
256 
1 
09 
OF 
2A 
512 
2 
05 
18 
3A 


256 
1 
OF 
OE 
36 
MFM 
512-- 
2 
09 
18 
54 
1024 
3 
05 
35 
74 


GPL 1 = suggested 
GPL values 
in read and write commands 
to avoid splice 
point between 
data field and ID field of contigu- 
• 
ous sections. 
• 
GPL2 = suggested 
GPL value 
in FORMAT 
TRACK 
command. 
·PC-AT 
values 
(typical) 
··PS/2 
values 
(typical). 
Applies 
with 1.0 MB and 2.0 MB drives. 


NOTE: 
All values 
except 
Sector 
Size are in Hex. 


GAP4a 
SYNC 
lAM 
GAP 1 
SYNC 
lOAM 
C 
S 
C 
GAP2 
SYNC 
DATA AM 
C 
H 
N 
80x 
12x 
~ 


SOx 
12x 
3x I FE 
Y 
0 
E 
0 
A 
22x 
12x 
3x I FB 
DATA 
A 
GAP3 
GAP4b 


4E 
00 
C2 
4E 
00 
Al 
L 
C 
C 
4E 
00 
A1 
F8 
C 


GAP 4a 
SYNC 
lAM 
GAP1 
SYNC 
lOAM 
C 
S 
C 
GAP2 
SYNC 
DATA AM 
C 
I---- 
f- 
H 
N 
40x 
6x 
26x 
6x 
Y 
0 
E 
0 
A 
11x 
6x 
DATA 
A 
GAP3 
GAP4b 
FF 
00 
FC 
FF 
00 
FE 
L 
C 
C 
FF 
00 
FB or F8 
C 


GAP 4a 
SYNC 
lAM 
GAP1 
SYNC 
lOAM 
C 
S 
C 
GAP2 
SYNC 
DATA AM 
C 
H 
N 
80x 
12x 
~ 


SOx 
12x 
~ 


Y 
0 
E 
0 
A 
41x 
12x 
3x I FB 
DATA 
A 
GAP3 
GAP4b 
4E 
00 
C2 
4E 
00 
Al 
L 
C 
C 
4E 
00 
A1 
F8 
C 


inter 


Control 
commands 
differ from the other commands 
in that 
no data 
transfer 
takes 
place. 
Three 
com- 
mands generate 
an interrupt 
when complete; 
READ 
ID, RECALIBRATE 
and 
SEEK. 
The 
other 
control 
commands 
do not generate 
an interrupt. 


The READ ID command 
is used to find the present 
position 
of 
the 
recording 
heads. 
The 
82077 AA 
stores 
the values 
from the first ID Field it is able to 
read into its registers. 
If the 82077 AA does not find 
an ID Address 
Mark on the diskette 
after the second 
occurrence 
of a pulse on the IDX pin, it then sets the 
IC code in Status 
Register 
0 to "01" 
(Abnormal 
ter- 
mination), 
sets 
the 
MA bit in Status 
Register 
1 to 
"1", 
and terminates 
the command. 


The following 
commands 
will generate 
an interrupt 
upon 
completion. 
They 
do 
not 
return 
any 
result 
bytes. 
It is highly 
recommended 
that 
control 
com- 
mands 
be 
followed 
by 
the 
SENSE 
INTERRUPT 
STATUS 
command. 
Otherwise, 
valuable 
interrupt 
status information 
will be lost. 


This 
command 
causes 
the 
read/write 
head 
within 
the 82077 AA to retract 
to the track 0 position. 
The 
82077 AA clears 
the contents 
of the 
PCN counter, 
and 
checks 
the 
status 
of the 
TRKO pin from 
the 
FDD. As long as the TRKO pin is low, the DIR pin 
remains 
0 and 
step 
pulses 
are issued. 
When 
the 
TRKO pin goes high, the SE bit in Status Register 
0 
is set to "1", 
and the command 
is terminated. 
If the 
TRKO pin is still low after 79 step pulses have been 
issued, the 82077 AA sets the SE and the EC bits of 
Status 
Register 
0 to "1", 
and terminates 
the com- 
mand. 
Disks 
capable 
of 
handling 
more 
than 
80 
tracks 
per side may require more than one RECALI- 
BRATE 
command 
to return the head back to physi- 
cal Track O. 


The RECALIBRATE 
command 
does 
not have a re- 


sult phase. SENSE INTERRUPT 
STATUS 
command 
must be issued 
after the RECALIBRATE 
command 
to effectively 
terminate 
it and to provide 
verification 
of the 
head 
position 
(PCN). 
During 
the 
command 
phase of the recalibrate 
operation, 
the 82077 AA is in 
the BUSY state, but during the execution 
phase it is 
in a NON BUSY state. At this time another 
RECALI- 


BRATE 
command 
may be issued, 
and in this man- 
ner, 
parallel 
RECALIBRATE 
operations 
may 
be 
done on up to 4 drives at once. 


Upon power up, the software 
must issue a RECALI- 


BRATE command 
to properly 
initialize all drives and 
the controller. 


The read/write 
head within the drive is moved 
from 
track 
to track 
under 
the control 
of the SEEK Com- 


mand. The 82077 AA compares 
the PCN which is the 
current 
head 
position 
with 
the 
NCN 
and 
performs 
the following 
operation 
if there is a difference: 


-PCN 
< NCN: Direction 
signal 
to drive 
set to "1" 


(step in), and issues step pulses. 


-PCN 
> NCN: Direction 
signal 
to drive 
set to "0" 


(step out), and issues step pulses. 


The 
rate 
at which 
step 
pulses 
are issued 
is con- 
trolled by SRT (Stepping 
Rate Time) in the SPECIFY 
command. 
After 
each step pulse is issued, 
NCN is 
compared 
against 
PCN, and 
when 
NCN = 
PCN, 
then the SE bit in Status Register 
0 is set to "1", 
and 
the command 
is terminated. 


During 
the command 
phase 
of the 
seek 
or recali- 
brate operation, 
the 82077 AA is in the BUSY state, 
but 
during 
the 
execution 
phase 
it is in the 
NON 
BUSY state. 


1) SEEK command; 


2) SENSE 
INTERRUPT 
STATUS 
command; 


3) READ ID. 


Step to the proper track 


Terminate 
the Seek 
command 


Verify head is on 
proper track 


4) Issue READ/WRITE 


command. 


The SEEK command 
does not have a result phase. 


Therefore, 
it is highly recommended 
that the SENSE 


INTERRUPT 
STATUS 
Command 
be issued after the 


SEEK command 
to terminate 
it and to provide verifi- 


cation 
of the head position 
(PCN). The H bit (Head 


Address) 
in STO will always return a "0". 
When exit- 
ing POWER DOWN 
mode, 
the 82077 AA clears 
the 


PCN value and the status 
information 
to zero. Prior 


to issuing the POWER DOWN command, 
it is highly 


recommended 
that the user service 
all pending 
in- 


terrupts 
through 
the SENSE 
INTERRUPT 
STATUS 


command. 


An interrupt 
signal 
on INT pin is generated 
by the 


82077 AA for one of the following 
reasons: 


1. Upon entering 
the Result 
Phase of: 


a. READ DATA Command 


b. READ TRACK 
Command 


c. READ ID Command 


d. READ DELETED 
DATA Command 


e. WRITE 
DATA Command 


f. FORMAT 
TRACK 
Command 


g. WRITE 
DELETED 
DATA Command 


h. VERIFY 
Command 


2. End 
of 
SEEK, 
RELATIVE 
SEEK 
or 
RECALI- 
BRATE 
Command 


3. 82077 AA requires 
a data transfer 
during the exe- 


cution 
phase in the non-DMA 
Mode 


The SENSE INTERRUPT 
STATUS 
command 
resets 


the interrupt 
signal and via the IC code and SE bit of 


Status 
Register 
0, identifies 
the cause 
of the inter- 


rupt. If a SENSE INTERRUPT 
STATUS 
command 
is 


issued when no active interrupt 
condition 
is present, 


the 
status 
register 
STO will return 
a value 
of 80H 


(invalid command). 


5E 
Ie 
Interrupt 
oue TO 


0 
11 
Polling 
1 
00 
Normal Termination 
of SEEK or 


RECALIBRATE 
command 


1 
01 
Abnormal 
Termination 
of SEEK or 


RECALIBRATE 
command 


The 
SEEK, 
RELATIVE 
SEEK 
and 
the 
RECALI- 


BRATE 
commands 
have 
no result 
phase. 
SENSE 


INTERRUPT 
STATUS 
command 
must be issued im- 


mediately 
after these 
commands 
to terminate 
them 


and 
to 
provide 
verification 
of 
the 
head 
position 


(PCN). The H (Head Address) 
bit in STO will always 


return 
a "0". 
If a SENSE 
INTERRUPT 
STATUS 
is 


not issued, the drive, will continue 
to be BUSY and 


may effect 
the operation 
of the next command. 


5.2.5 SENSE 
DRIVE 
STATUS 


SENSE 
DRIVE 
STATUS 
obtains 
drive 
status 
infor- 


mation. 
It has no execution 
phase and goes directly 


to 
the 
result 
phase 
from 
the 
command 
phase. 


STATUS 
REGISTER 
3 contains 
the drive status 
in- 


formation. 


The 
SPECIFY 
command 
sets 
the 
initial 
values 
for 


each 
of the three 
internal 
timers. 
The 
HUT 
(Head 


Unload 
Time) 
defines 
the time from the end of the 


execution 
phase of one of the read/write 
commands 


to the head unload state. The SRT (Step Rate Time) 
defines 
the 
time 
interval 
between 
adjacent 
step 


pulses. 
Note that the spacing 
between 
the first and 


second 
step pulses may be shorter than the remain- 


ing step pulses. The HLT (Head Load Time) defines 
the time between 
the Head 
Load signal 
goes 
high 


and 
the 
read, 
write 
operation 
starts. 
The 
values 


change 
with the data rate speed 
selection 
and are 


documented 
in Table 5-10. The values are the same 


for MFM and FM. 
• 


intJ 


HUT 
SRT 


1M 
500K 
300K 
250K 
1M 
500K 
300K 
250K 


0 
128 
256 
426 
512 
8.0 
16 
26.7 
32 
1 
8 
16 
26.7 
32 
7.5 
15 
25 
30 


.. .. 
.. 
.. 
.. 
.. 
. . 
.. 
.. 
E 
112 
224 
373 
448 
1.0 
2 
3.33 
4 
F 
120 
240 
400 
480 
0.5 
1 
1.67 
2 


HLT 


1M 
500K 
300K 
250K 


00 
128 
256 
426 
512 
01 
1 
2 
3.3 
4 
02 
2 
4 
6.7 
8 


.. 
.. 
.. 
.. 
7F 
126 
252 
420 
504 
7F 
127 
254 
423 
508 


The 
choice 
of 
DMA 
or 
NON-DMA 
operations 
is 
made by the ND bit. When this bit is "1", 
the NON- 
DMA 
mode 
is selected, 
and when 
ND is "0", 
the 
DMA mode is selected. 
In DMA mode, data transfers 
are signalled 
by the DRO pin. Non-DMA 
mode uses 


the ROM bit and the INT pin to signal data transfers. 


Issued 
to 
select 
the 
special 
features 
of 
the 
82077AA. 
A CONFIGURE 
command 
need not be is- 
sued if the default 
values 
of the 82077 AA meet the 
system 
requirements. 


CONFIGURE 
DEFAULT 
VALUES: 


EIS 
-No 
Implied Seeks 


EFIFO 
-FIFO 
Disabled 


POLL 
-Polling 
Enabled 


FIFOTHR 
-FIFO 
Threshold 
Set to 1 Byte 


PRETRK 
-Pre-Compensation 
Set to Track 0 


EIS-Enable 
implied 
seek. 
When 
set 
to 
"1", 
the 
82077 AA will perform 
a SEEK operation 
before exe- 


cuting a read or write command. 
Defaults 
to no im- 
plied seek. 


EFIFQ-A 
"1" 
puts the FIFO into the 8272A 
com- 
patible 
mode 
where 
the 
FIFO 
is 
disabled. 
This 
means data transfers 
are asked for on a byte by byte 
basis. Defaults 
to "1", 
FIFO disabled. 
The threshold 
defaults 
to one. 


POLL-Disable 
polling of the drives. Defaults to "0", 
polling 
enabled. 
When enabled, 
a single 
interrupt 
is 
generated 
after 
a RESET. 
No polling 
is performed 
while the drive head is loaded 
and the head unload 
delay has not expired. 


FIFOTHR- 
The 
FIFO 
threshold 
in 
the 
execution 
phase of read or write commands. 
This is program- 


mable 
from 
1 to 16 bytes. 
Defaults 
to one byte. A 
"00" 
selects 
one byte "OF" selects 
16 bytes. 


PRETRK-Pre-compensation 
start 
track 
number. 


Programmable 
from track 0 to 255. Defaults 
to track 
O. A "00" 
selects 
track 0, "FF" 
selects 
255 . 


The VERSION 
command 
checks 
to see if the con- 
troller is an enhanced 
type or the older type (8272A/ 


765A). A value of 90 H is returned 
as the result byte, 


defining 
an enhanced 
FDD controller 
is in use. No 
interrupts 
are generated. 


The command 
is coded 
the same as for SEEK, ex- 
cept for the MSB of the first byte and the DIR bit. 


DIR 
Head Step Direction 
Control. 


DIR 
Action 


0 
Step Head Out 
1 
Step Head In 


RCN 
Relative 
Cylinder 
Number 
that 
determines 
how many tracks 
to step the head in or out 
from the current 
track number. 


The 
RELATIVE 
SEEK 
command 
differs 
from 
the 
SEEK command 
in that it steps the head the abso- 


lute number 
of tracks 
specified 
in the command 
in- 
stead 
of making 
a comparison 
against 
an internal 
register. 
The SEEK command 
is good for drives that 
support 
a 
maximum 
of 
256 
tracks. 
RELATIVE 
SEEKs cannot 
be overlapped 
with other 
RELATIVE 
SEEKs. Only one RELATIVE 
SEEK can be active at 
a time. Bit 4 of Status 
Register 
0 (EC) will be set if 
RELATIVE 
SEEK attempts 
to step outward 
beyond 
Track O. 


inter 


As an example, 
assume 
that a floppy 
drive has 300 
use able tracks and that the host needs to read track 
300 and the head is on any track (0-255). 
If a SEEK 
command 
was issued, the head would stop at track 
255. If a RELATIVE 
SEEK command 
was issued, the 
82077 AA would 
move the head the specified 
num- 
ber of tracks, regardless 
of the internal cylinder 
posi- 
tion register 
(but would increment 
the register). 
If the 
head had been on track 40 (D), the maximum 
track 
that the 82077 AA could 
position 
the head on using 
RELATIVE 
SEEK, would be 296 (D), the initial track, 
+ 256 (D). The maximum 
count that the head can be 
moved 
with a single 
RELATIVE 
SEEK command 
is 
256 (D). 


The 
internal 
register, 
PCN, would 
overflow 
as the 
cylinder 
number 
crossed 
track 
255 and would 
con- 
tain 40 (D). The resulting 
PCN value is thus (NCN + 
PCN) 
mod 
256. 
Functionally, 
the 
82077 AA 
starts 
counting 
from 
0 again 
as the 
track 
number 
goes 
above 
255(0). 
It is the users responsibility 
to com- 
pensate 
82077 AA functions 
(precompensation 
track 
number) 
when 
accessing 
tracks 
greater 
than 
255. 
The 82077 AA does not keep track that it is working 
in an "extended 
track area" 
(greater than 255). Any 
command 
issued 
would 
use the current 
PCN value 
except 
for the RECALIBRATE 
command 
which only 
looks for the TRACKO signal. RECALIBRATE 
would 
return an error if the head was farther than 79 due to 
its limitation 
of issuing 
a maximum 
80 step pulses. 
The user simply 
needs 
to issue a second 
RECALI- 
BRATE command. 
The SEEK command 
and implied 
seeks 
will function 
correctly 
within 
the 44 (D) track 
(299-255) 
area of the "extended 
track 
area". 
It is 
the users responsibility 
not to issue a new track posi- 
tion that 
would 
exceed 
the 
maximum 
track 
that 
is 
present 
in the extended 
area. 


To return 
to the standard 
floppy 
range 
(0-255) 
of 
tracks, 
a RELATIVE 
SEEK would be issued to cross 
the track 255 boundary. 


A RELATIVE 
SEEK can be used instead 
of the nor- 
mal SEEK but the host is required 
to calculate 
the 
difference 
between 
the 
current 
head 
location 
and 
the new (target) head location. 
This may require the 
host to issue a READ 
10 command 
to ensure 
that 
the head is physically 
on the track that software 
as- 
sumes 
it to be. Different 
82077 AA commands 
will 
return different 
cylinder 
results which may be difficult 
to keep track of with software 
without 
the READ 10 
command. 


The 
DUMPREG 
command 
is designed 
to support 
system 
run-time 
diagnostics 
and 
application 
soft- 
ware development 
and debug. 


5.2.11 
PERPENDICULAR 
MODE 
COMMAND 


The PERPENDICULAR 
MODE command 
should 
be 
issued 
prior 
to executing 
READ/WRITE/FORMAT 
commands 
that access a disk drive with perpendicu- 


lar 
recording 
capability. 
With 
this 
command, 
the 
length of the Gap2 field and VCO enable 
timing can 
be altered to accommodate 
the unique requirements 
of these 
drives. Table 5-11 describes 
the effects 
of 
the WGATE and GAP bits for the PERPENDICULAR 
MODE 
command. 
Upon 
a reset, 
the 82077 AA will 
default 
to the 
conventional 
mode 
(WGATE 
= 
0, 


GAP = 0). 


VCOLow 
Length of 
Portion of Gap2 
Gap2VCO 
GAP 
WGATE 
MODE 
Time after 
Gap2 Format 
Written by Write 
Low Time for 
Index Pulse 
Field 
Data Operation 
Read Operations 


0 
0 
Conventional 
Mode 
33 Bytes 
22 Bytes 
o Bytes 
24 Bytes 


0 
1 
Perpendicular 
Mode 
33 Bytes 
22 Bytes 
19 Bytes 
24 Bytes 
(500 Kbps Data Rate) 


1 
0 
Reserved 
33 Bytes 
22 Bytes 
o Bytes 
24 Bytes 
(Conventional) 


1 
1 
Perpendicular 
Mode 
18 Bytes 
41 Bytes 
38 Bytes 
43 Bytes 
(1 Mbps Data Rate) 


inter 


Selection of the 500 Kbps and 1 Mbps perpendicular 
modes is independent of the actual data rate select- 
ed in the Data rate Select Register. The user must 
ensure that the two data rates remain consistent. 


The Gap2 and VCO timing requirements for perpen- 
dicular recording type drives are dictated by the de- 
sign of the read/write head. In the design of this 
head, a pre-erase head precedes the normal read/ 
write head by a distance of 200 micrometers. This 
works out to about 38 bytes at a 1 Mbps recording 
density. Whenever the write head is enabled by the 
Write Gate signal the pre-erase head is also activat- 
ed at the same time. Thus, when the write head is 
initially turned on, flux transitions recorded on the 
media for the first 38 bytes will not be precondi- 
tioned with the pre-erase head since it has not yet 
been activated. To accommodate this head activa- 
tion and deactivation time, the Gap2 field is expand- 
ed to a length of 41 bytes. The format field shown in 
Figure 5-3 illustrates the change in the Gap2 field 
size for the perpendicular format. 


On the read back by the 82077AA, the controller 
must begin synchronization at the beginning of the 
Sync field. For the conventional mode, the internal 
PLL VCO is enabled (VCOEN) approximately 24 
bytes from the start of the Gap2 field. But when the 
controller operates in the 1 Mbps perpendicular 
mode (WGATE = 1, GAP = 1), VCOEN goes active 
after 43 bytes to accommodate the increased Gap2 
field size. For both cases, an approximate 2 byte 
cushion is maintained from the beginning of the sync 
field for the purposes of avoiding write splices in the 
presence of motor speed variation. 


For the WRITE DATA case, the 82077AA activates 
Write Gate at the beginning of the sync field under 
the conventional mode. The controller then writes a 
new sync field, data address mark, data field, and 
CRC as shown in Figure 5-1. With the pre-erase 
head of the perpendicular drive, the write head must 
be activated in the Gap2 field to insure a proper 
write of the new sync field. For the 1 Mbps perpen- 
dicular mode (WGATE = 1, GAP = 1), 38 bytes will 
be written in the Gap2 space. Since the bit density is 


Old PERPENDICULARMODE command: 


proportional to the data rate, 19 bytes will be written 
in the Gap2 field for the 500 Kbps perpendicular 
mode (WGATE = 1, GAP = 0). 


It should be noted that none of the alterations in 
Gap2 size, VCO timing, or Write Gate timing affect 
normal program flow. The information provided here 
is just for background purposes and is not needed 
for normal operation. Once the PERPENDICULAR 
MODE command is invoked, 82077AA software be- 
havior from the user standpoint is unchanged. 


5.3 Command Set Enhancements 


The PERPENDICULARMODE and DUMPREGcom- 
mands were enhanced along with the addition of a 
new LOCK command. These enhancements are ex- 
plained in this section of the data sheet. The com- 
mands were enhanced/added 
in order to provide 
protection against older software application pack- 
age which could inadvertently cause system com- 
patibility problems. The modifications/ addition are 
fully backward compatible with the older 82077AAs 
which 
do 
not 
support 
the 
enhancements. 
All 
82077AAs will support these enhancements as of 
01/1991. 
For more information regarding which 
82077AA do or do not support the enhancements 
please contact your local Intel Sales office. 


The PERPENDICULAR MODE Command is en- 
hanced to allow the system designers to designate 
specific drives as Perpendicular recording drives. 
This enhancement is made so that the system de- 
signer does not have to worry about older applica- 
tion software packages which bypass their system's 
FDC (Floppy Disk Controller) routines. The enhance- 
ment will also allow data transfers between Conven- 
tional and Perpendicular drives without having to is- 
sue PERPENDICULAR MODE commands between 
the accesses of the two different drives, nor having 
to change write pre-compensation values. The fol- 
lowing is an explanation of how this enhancement is 
implemented: 


Phase 
Data Bus 
Remarks 
07 
06 
05 
04 
03 
02 
01 
DO 


PERPENDICULAR 
MODE 


Command 
0 
0 
0 
1 
0 
0 
1 
0 
Command 
0 
0 
0 
0 
0 
0 
GAP 
WGATE 
Code 


NOTE: 
For the definition 
of GAP and WGATE 
bits see Table 
5-11 and Section 
5.2.11 
of the data sheet. 


For the Enhanced 
PERPENDICULAR 
MODE command 
definition 
see Table 
5-1. 


inter 


With the old implementation, 
the user must properly 
program 
both 
the 
PERPENDICULAR 
MODE 
com- 
mand and write pre-compensation 
value before 
ac- 
cessing 
either 
a 
Conventional 
or 
Perpendicular 
drive. These 
programmed 
values 
apply to all drives 
(00-03) 
which 
the 82077AA 
may access. 
It should 
also be noted that any form of RESET 
"Hardware" 
or "Software" 
will configure 
the PERPENDICULAR 
MODE 
command 
for Conventional 
mode (GAP and 
WGATE 
= "0"). 


With 
the 
enhanced 
implementation, 
both 
the GAP 
and WGATE 
bits have the same affects 
as the old 
implementation 
except 
for when they are both pro- 
grammed 
for value of "0" 
(Conventional 
mode). For 
the case when both GAP and WGATE equal "0" the 
PERPENDICULAR 
MODE 
command 
will 
have 
the 
following 
effect on the 82077 AA: 1) If any of the new 
bits DO, 01, 02, and 03 are programmed 
to "1" 
the 
corresponding 
drive 
will 
automatically 
be 
pro- 
grammed 
for Perpendicular 
mode 
(ie: GAP2 
being 
written 
during 
a write 
operation, 
the 
programmed 
Data Rate will determine 
the length 
of GAP2.), and 
data will be written 
with 0 ns write 
pre-compensa- 
tion. 
2) any of the new bits (00-03) 
that 
are pro- 
grammed 
for "0" 
the designated 
drive will be pro- 
grammed 
for Conventional 
Mode 
and data will be 
written 
with 
the 
currently 
programmed 
write 
pre- 
compensation 
value. 3) Bits DO, 01, 02, and 03 can 
only be over written 
when the OW bit is written 
as a 


"1". 
The status 
of these 
bits can be determined 
by 
interpreting 
the 
eight 
result 
byte 
of the 
enhanced 
DUMPREG 
Command 
(See Section 
5.3.3). (Note: 
if 
either the GAP or WGA TE bit is a "1", 
then bits 00- 
03 are ignored.) 


"Software" 
and 
"Hardware" 
RESET 
will 
have 
the 
following 
effects 
on the 
enhanced 
PERPENDICU- 
LAR MODE command: 


1) "Software" 
RESETs (Reset via DOR or DSR reg- 
isters) 
will 
only 
clear 
GAP 
and 
WGATE 
bits to 


"0", 
03, 02, 01, and DO will retain their previously 
programmed 
values. 


2) "Hardware" 
RESETs 
(Reset via pin 32) will clear 
all bits (GAP, Wgate, 
DO, 01, 02, and 03) to "0" 


(All Drives Conventional 
Mode). 


In order to protect 
a system with long DMA latencies 
against 
older 
application 
software 
packages 
that 
can disable the 82077AA's 
FIFO the following 
LOCK 
Command 
has been added 
to the 82077AA's 
com- 


mand 
set: 
[Note: 
This 
command 
should 
only 
be 
used by the system's 
FDC routines, 
and ISVs (Inde- 
pendent 
Software 
Vendors) 
should 
refrain 
from 
us- 


ing it. If an ISV's 
application 
calls 
for 
having 
the 
82077AA 
FIFO disabled 
a CONFIGURE 
Command 
should 
be used to toggle 
the EFIFO (Enable 
FIFO) 
bit. ISV can determine 
the value of the LOCK bit by 
interpreting 
the eighth 
result 
byte of an DUMPREG 
Command 
(See Section 
5.3.3).] 


The 
LOCK 
command 
defines 
whether 
EFIFO, 


FIFOTHR, 
and 
PRETRK 
parameters 
of the 
CON- 
FIGURE 
command 
can be RESET by the DOR and 
DSR registers. 
When the LOCK bit is set to a "1" 
all 
subsequent 
"software" 
RESETs 
by the 
DOR 
and 
DSR registers 
will not change 
the previously 
set pa- 
rameter values in the CONFIGURE 
command. 
When 
the LOCK bit is set to a "0" 
"software" 
RESETs 
by 
the DOR or DSR registers 
will return these 
parame- 


ters to their default 
values 
(See Section 
5.2.7). 
All 
"hardware" 
Resets by pin 32 will set the LOCK bit to 
a "0" 
value, 
and will return 
EFIFO, 
FIFOTHR, 
and 
PRETRK 
to their default 
values. 
A Status byte is re- 


turned immediately 
after issuing the command 
byte. 


This Status byte reflects 
the value of the Lock bit set 
by the command 
byte. (Note: No interrupts 
are gen- 


erated at the end of this command.) 


To accommodate 
the new LOCK command 
and en- 


hanced 
PERPENDICULAR 
MODE 
command 
the 
eighth result byte of DUMPREG 
command 
has been 
modified 
in the following 
manner: 


Phase 
R/W 
Data Bus 
Remarks 
07 
06 
05 
04 
03 
02 
01 
DO 


DUMPREG 


Eighth Result Byte 
Old 
Result 
R 
- 
Undefined 
- 
R 
LOCK 
0 
03 
02 
01 
DO 
GAP 
WGATE 
Enhanced 


NOTES: 
1. Data bit 7 reflects 
the status 
of the new LOCK bit set by the LOCK Command. 


2. Data 
Bits 
00-05 
reflect 
the 
status 
for bits 
03, 
02, 
01, 
DO, GAP 
and 
WGATE 
set 
by the 
PERPENDICULAR 
MODE 
Command. 


inter 


Bit 
Symbol 
Name 
Description 
No. 


7,6 
IC 
Interrupt 
OO-Normal termination 
of command. 
The specified 
command 
Code 
was properly executed 
and completed 
without 
error. 


01-Abnormal 
termination 
of command. 
Command 
execution 
was started, but was not successfully 
completed. 


10-lnvalid 
command. 
The requested 
command 
could not be 
executed. 
11-Abnormal 
termination 
caused by Polling. 


5 
SE 
Seek End 
The 82077AA 
completed 
a SEEK or RECALIBRATE 
command, 
or a READ or WRITE with implied seek command. 


4 
EC 
Equipment 
The TRKO pin failed to become a "1" after: 


Check 
1. 80 step pulses in the RECALIBRATE 
command. 
2. The RELATIVE 
SEEK command 
causes the 82077AA 
to 
step outward beyond Track O. 


3 
- 
- 
Unused. Tbis bit is always "0". 


2 
H 
Head Address 
The current head address. 


1,0 
DS1,0 
Drive Select 
The current selected 
drive. 


Bit 
Symbol 
Name 
Description 
No. 


7 
EN 
End of 
The 82077 AA tried to access a sector beyond the final sector 
Cylinder 
of the track (2550). 
Will be set if TC is not issued after Read 
or Write Data Command. 


6 
- 
- 
Unused. This bit is always "0". 


5 
DE 
Data Error 
The 82077 AA detected 
a CRC error in either the 10 field or 
the data field of a sector. 


4 
OR 
Overrun/ 
Becomes 
set if the 82077 AA does not receive CPU or DMA 
Underrun 
service within the required time interval, resulting 
in data 
overrun or underrun. 


3 
- 
- 
Unused. This bit is always "0". 


2 
NO 
No Data 
Anyone 
of the following: 
1. READ OAT A, READ DELETED 
OAT A command, 
the 
82077 AA did not find the specified 
sector. 
2. READ 10 command, 
the 82077AA 
cannot 
read the 10 field 
without an error. 
3. READ TRACK command, 
the 82077 AA cannot find the 
proper sector sequence. 


1 
NW 
Not Writable 
WP pin became a "1" while the 82077 AA is executing 
a 
WRITE DATA, WRITE DELETED 
DATA, or FORMAT 
TRACK 
command. 


0 
MA 
Missing 
Anyone 
of the following: 
Address 
Mark 
1. The 82077 AA did not detect an 10 address' mark at the 
specified 
track after encountering 
the index pulse from the 
lOX pin twice. 
2. The 82077 AA cannot detect a data address 
mark or a 
deleted 
data address 
mark on the specified 
track. 


inter 


. 


Bit 
Symbol 
Name 
Description 
No. 


7 
- 
- 
Unused. This bit is always "0". 


6 
CM 
Control 
Mark 
Anyone 
of the following: 


1. READ DATA command, 
the 82077 AA encounters 
a 
deleted 
data address mark. 


2. READ DELETED 
OAT A command, 
the 82077 AA 
encounters 
a data address 
mark. 


5 
DO 
Data Error 
The 82077 AA detected 
a CRC error in the data field. 


in Data 
Field. 


4 
WC 
Wrong 
The track address from the sector 10 field is different 
from 
Cylinder 
the track address 
maintained 
inside the 82077 AA. 


3 
- 
- 
Unused. This bit is always "0". 


2 
- 
- 
Unused. This bit is always "0". 


1 
BC 
Bad Cylinder 
The track address from the sector 10 field is different 
from 
the track address maintained 
inside the 82077 AA and is 
, 
equal to FF hex which indicates 
a bad track with a hard 
error according 
to the IBM soft-sectored 
format. 


0 
MD 
Missing Data 
The 82077 AA cannot detect a data address 
mark or a 
Address 
Mark 
deleted 
data address 
mark. 


Bit 
Symbol 
Name 
Description 
I 


No. 


7 
- 
- 
Unused. This bit is always "0". 


6 
WP 
Write 
Indicates 
the status of the WP pin. 


Protected 


5 
- 
- 
Unused. This bit is always "1". 


4 
TO 
TRACK 0 
Indicates the status of the TRKO pin. 


3 
- 
- 
Unused. This bit is always "1". 


2 
HD 
Head Address 
Indicates the status of the HDSEL pin. 
,. 


1,0 
DS1,O 
Drive Select 
Indicates the status of the OS 1, DSO pins. 


IDENT and MFM pins are sampled 
during Hardware 
Reset. 


The 82077 AA was designed 
with software 
compati- 


bility in mind. It is a fully backwards 
compatible 
solu- 
tion with the older generation 
8272A and NEC765A1 
B disk 
controllers. 
The 
82077 AA also 
implements 
on-board 
registers for compatibility 
with the Personal 
System/2s 
as well as PC/ AT and PC/XT floppy disk 
controller 
subsystems. 
Upon a hardware 
reset of the 
82077 AA, all registers, 
functions 
and enhancements 
default 
to a PS/2, 
PC/AT, 
or PS/2 
Model 
30 com- 
patible 
operating 
mode 
depending 
on 
how 
the 


The register 
set contained 
within 
the 82077 AA is a 
culmination 
of hardware 
registers 
based 
on the ar- 


chitectural 
growth 
of 
the 
IBM 
personal 
computer 
line. Table 
7-1 indicates 
the 
registers 
required 
for 
compatibility 
based on the type of computer. 


inter 


82077AA 
8272A 82072 PC/XT 
PC/AT 
PS/2 Mod 
Register 
30 


SRA 
X 
X 


SRB 
X 
X 


DOR 
X 
X 
X 
X 


MSR 
X 
X 
X 
X 
X 
X 


DSR 
X 


Data (FIFO) 
X 
X 
X 
X 
X 
X 


DIR 
X 
X 
X 


CCR 
X' 
X 
X 
X 


To 
maintain 
compatibility 
between 
PS/2, 
PC/AT, 


and 
Model 
30 environments 
the 
IDENT 
and 
MFM 


pins are provided. 
The 82077 AA is placed 
into the 


proper 
mode of operations 
upon Hardware 
RESET 


with the appropriate 
settings 
of the IDENT and MFM 
pins. 
The 
proper 
settings 
of the 
IDENT 
and 
MFM 


pins are described 
in IDENT's 
pin description. 
Differ- 
ences 
between 
the three 
modes 
are described 
in 
the following 
sections. 


IDENT strapped 
low causes 
the polarity 
of DENSEL 


to be active 
low for hig!l 
(500 
Kbps/1 
Mbps) 
data 
rates (typically 
used for 3.5" 
drives). This polalrity 
of 


DENSEL 
assumes 
INVERT# 
to be low. A compre- 
hensive 
description 
of DENSEL 
behavior 
is given in 


Table 2-6. 


The 
DMAGATE 
bit in the 
Digital 
Output 
Register 


(DOR) will not cause the ORO or INT output signals 
to tristate. 
This maintains 
consistency 
with the oper- 
ation 
of the floppy 
disk controller 
subsystem 
in the 
PS/2 
architecture. 


TC is an active low input signal that is internally 
qual- 
ified by DACK being active 
low. 


7.2.2 PC/AT 
MODE 


IDENT strapped 
high causes the polarity of DENSEL 
to be active 
high for high (500 Kbps/1 
Mbps) 
data 


rates 
(typically 
used for 5.25" 
drives). 
This polarity 
of DENSEL 
assumes 
INVERT# 
to be low. A com- 
prehensive 
description 
of DENSEL 
behavior 
is given 


in Table 2-6. 


If the DMAGATE 
bit is written 
to a '~O" in the Digital 


Output 
Register 
(DOR), ORO and INT will tristate. 
If 


DMAGATE 
is written to a "1", then ORO and INTwili 


be driven appropriately 
by the 82077 AA. 


TC is an active 
high input 
signal 
that 
is internally 


qualified 
by DACK # being active 
low. 


7.2.3 MODEL 
30 MODE 
' 


IDENT strapped 
low causes 
the polarity of DENSEL 


to be active 
low for high (500 
Kbps/1 
Mbps) 
data 


rates (typically 
used for 3.5" 
drives). This polarity 
of 


DENSEL 
assumes 
INVERT# 
to be low. A compre- 


hensive 
description 
of DENSEL 
behavior 
is given in 


Table 2-6. 


DMAGATE 
and TC function 
the same as in PCI AT 


Mode. 


7.3 Compatibility 
with the FIFO 


The FIFO of the 82077 AA is designed 
to be trans- 


parent 
to non-FIFO 
disk controller 
software 
devel- 


oped on the older generation 
8272A standard. 
Oper- 


ation of the 82077AA 
FIFO can be broken down into 


two tiers of compatibility. 
For first tier compatibility, 


the 
FIFO 
is left 
in the 
default 
disabled 
condition 


upon a "Hardware" 
reset (via pin 32). In this mode 


the 
FIFO 
operates 
in a byte 
mode 
and 
provides 


complete 
compability 
with 
non-FIFO 
based 
soft- 


ware. 
For second 
tier compatibility, 
the FIFO is en- 


abled 
via 
the 
CONFIGURE 
command. 
When 
the 


FIFO is enabled, 
it will temporarily 
enter a byte mode 


during the command 
and result 
phase 
of disk con- 


troller 
operation. 
This allows 
for compatible 
opera- 


tion 
when 
interrogating 
the 
Main 
Status 
Register 


(MSR) 
for the 
purpose 
of transferring 
a byte 
at a 


time to or from the disk controller. 
For normal 
disk 


controller 
applications, 
the system 
designer 
can still 


take 
advantage 
of the 
FIFO 
for 
time 
critical 
data 


transfers 
during the execution 
phase and not create 


any 
conflicts 
with 
non-FIFO 
software 
during 
the 


command 
or result phase. 


In some instances, 
use of the FIFO in any form has 


conflicted 
with certain 
specialized 
software. 
An ex- 


ample 
of a compatibility 
conflict 
using the 
FIFO 
is 


with software 
that 
monitors 
the progress 
of a data 


transfer 
during the execution 
phase. 
If the software 


assumed 
the disk controller 
was operating 
in a sin- 


gle byte 
mode 
and 
counted 
the 
number 
of bytes 


transferred 
to or from 
the disk controller 
to trigger 


some time dependent 
event 
on the disk media 
(Le. 


head position 
over a specific 
data field), 
the same 


software 
will not have an identical 
time relationship 
if 


the FIFO is enabled. 
This is because 
the 
FIFO al- 


lows 
data 
to be queued 
up, and then 
burst 
trans- 


inter 


ferred across the host bus. To accommodate soft- 
ware of this type. it is recommended that the FIFO 
be disabled. 


The 82077AA supports the polling mode of the older 
generation 8272A. This mode is enabled upon a re- 
set and can be disabled via the CONFIGURE com- 
mand. This mode is supported for the sole purpose 
of providing backwards compatibility with software 
that expects it's presence. 


The intended purpose of drive polling dates back to 
8" drives as a means to monitor any change in 
status for each disk drive present in the system. 
Each of the drives is selected for a period of time 
and its READY signal sampled. After a delay, the 
next drive is selected. Since the 82077AA does not 
support READY in this capacity (internally tied true). 
the polling sequence is only simulated and does not 
affect the drive select lines (DSO-DS3) when it is 
active. If enabled, it occurs whenever the 82077AA 
is waiting for a command or during SEEKs and RE- 
CALIBRATEs (but not IMPLIED SEEKs). Each drive 
is assumed to be not ready after a reset and a 
"ready" value for each drive is saved in an internal 
register as the simulated drive is polled. An interrupt 
will be generated on the first polling loop because of 
the initial "not ready" status. This interrupt must be 


followed with a SENSE INTERRUPT STATUS com- 
mand from the host to clear the interrupt condition 
for each of the four logical drives. 


Programming the 82077AA is identical to any other 
8272A compatible disk controller with the exception 
of some additional commands. For the new designer 
it is useful to provide some guidelines on how to 
program the 82077AA. A typical disk operation in- 
volves more than issuing a command and waiting for 
the results. The control of the floppy disk drive is a 
low level operation that requires software interven- 
tion at different stages. New commands and fea- 
tures have been added to the 82077AA to reduce 
the complexity of this software interface. 


8.1 Command and Result Phase 
Handshaking 


Before a command or parameter byte can be issued 
to the 82077AA. the Main Status Register (MSR) 
must be interrogated for a ready status and proper 
I 


FIFO direction. A typical floppy controller device 
4 


driver should contain a subroutine for sending com- 
mand or parameter bytes. For this discussion. the 
routine will be called "Send_byte" 
with the flow- 
chart shown in Figure 8-1. 


inter 


The routine loops until ROM is 1 and 010 is 0 indi- 
cating a ready status and FIFO direction is inward. If 
this condition is true, the 82077AA is ready to accept 
a command or parameter byte. A timeout counter is 
used to insure software response within a reason- 
able amount of time in case of no response by the 
82077AA. As a note, the programmer must be care- 
ful how the maximum delay is chosen to avoid un- 
necessary timeouts. For example, if a new command 
is issued when the 82077AA is in the middle of a 
polling routine, the MSR will not indicate a ready 
status for the next parameter byte until the polling 
sequence completes the loop. This could cause a 
delay between the first and second bytes of up to 
250 J.l.s(@ 250 Kbps). If polling is disabled, this maxi- 
mum delay is 175 J.l.s.There should also be enough 
timeout margin to accommodate a shift of the soft- 
ware to a higher speed system. A timeout value that 
results in satisfactory operation on a 16 MHz CPU 
might fail when the software is moved to a system 
with a 25 MHz CPU. A recommended solution is to 
derive the timeout counter from a system hardware 
counter that is fixed in frequency from CPU clock to 
CPU clock. 


For reading result bytes from the 82077AA, a similar 
routine is used. Figure 8-2 illustrates the flowchart 
for the routine "GeLbyte". 
The MSR is polled until 
ROM is 1 and 010 is 1, which indicates a ready 
status and outward FIFO direction. At this point, the 
host can read a byte from the FIFO. As in the 
Send_byte 
routine, a timout counter should be in- 
corporated in case of a disk controller lock-up condi- 
tion. For example, if a disk was not inserted into the 
disk drive at the time of a read operation, the con- 
troller would fail to receive the index pulse and lock- 
up since the index pulses are required for termina- 
tion of the execution phase. 


Initializing the 82077AA involves setting up the ap- 
propriate configuration after a reset. Parameters set 
by the SPECIFY command are undefined after a 
system reset and will need to be reinitialized. CON- 
FIGURE command parameters default to a known 
state after a system reset but will need to be reinitial- 
ized if the system requirements are different from 
the default settings. The flowchart for the recom- 
mended initialization sequence of the 82077AA is 
shown in Figure 8-3. 


inter 


Following a reset of the 82077AA, the Configuration 
Control Register (CCR) should be reinitialized for the 
appropriate data rate. An external reset via the RE- 
SET pin will cause the data rate and write precom- 
pensation values to default to 250 Kbps (10b) and 
125 ns (OOOb)respectively. Since the 125 ns write 
precompensation value is optimal for the 5%" and 
3%" 
disk drive environment, most applications will 


not require the value to be changed in the initializa- 
tion sequence. As a note, a software reset issued via 
the OCR or DSR will not affect the data rate or write 
precompensation values. But it is recommended as 
a safe programming practice to always program the 
data rate after a reset, regardless of the type. 


Since polling 
is enabled 
after 
a 
reset 
of 
the 


82077AA, four SENSE INTERRUPT STATUS com- 
mands need to be issued afterwards to clear the 
status flags for each drive. The flowchart in Figure 
8-3 illustrates how the software clears each of the 
four interrupt status flags internally queued by the 
82077AA. It should be noted that although four 
SENSE INTERRUPT STATUS commands are is- 
sued, the INT pin is only active until the first SENSE 
INTERRUPT STATUS command is executed. 


• 


inter 


As a note, if the CONFIGURE command is issued 
within 250 JLs of the trailing edge of reset (@ 
1 
Mbps), the polling mode of the 82077AA can be dis- 
abled before the polling initiated interrupt occurs. 
Since polling ,stops when the 82077AA enters the 
command phase, it is only time critical up to the first 
byte of the CONFIGURE command. If disabled in 
time, the system software no longer needs to issue 
the four SENSE INTERRUPT STATUS commands 
to clear the internal interrupt flags normally caused 
by polling. 


The CONFIGURE command should also be issued if 
the system requirements are different from the de- 
fault settings (as described in Section 5.2.7). For ex- 
ample, the CONFIGURE command can be used to 
enable the FIFO, set the threshold, and enable Im- 
plied Seeks. 


The non-DMA mode flag, step rate (SRT), head load 
(HLT), and head unload times (HUT) programmed by 
the SPECIFY command do not default to a known 
state after a reset. This behavior is consistent with 


the 8272A and has been preserved here for compat- 
ibility. Thus, it is necessary to always issue a SPECI- 
FY command in the initialization routine. 


Commands that position the disk head are different 
from the typical READ/WRITE/FORMAT command 
in the sense that there is no result phase. Once a 
RECALIBRATE, SEEK, or RELATIVE SEEK com- 
mand has been issued, the 82077AA will return a 
ready status in the Main Status Register (MSR) and 
perform the head positioning operation as a back- 
ground task. When the seek is complete, the 
82077AA will assert the INT signal to request serv- 
ice. A SENSE INTERRUPT STATUS command 
should then be asserted to clear the interrupt and 
read the status of the operation. Since the drive and 
motor enable signals are directly controlled through 
the Digital Output Register (DOR) on the 82077AA, 
a write to the DOR will need to precede the RECALI- 
BRATE or SEEK command if the drive and motor is 
not already enabled. Figure 8-4 shows the flow chart 
for this operation. 


A read or write data operation 
requires several steps 
to complete 
successfully. 
The 
motor 
needs 
to be 
turned 
on, the head positioned 
to the correct 
cylin- 
der, the DMA controller 
initialized, 
the read or write 
command 
initiated, 
and an error 
recovery 
scheme 
implemented. 
The flowchart 
in Figure 8-5 highlights 
a recommended 
algorithm 
for performing 
a read or 
write data operation. 


Before 
data can be transferred 
to or from the disk- 
ette, 
the 
disk 
drive 
motor 
must 
be brought 
up to 
speed. For most 3%" 
disk drives, the spin-up time is 
300 ms, while the 5%" 
drive usually requires 
about 
500 ms due to the increased 
moment 
of inertia asso- 
ciated with the larger diameter 
diskette. 


One technique 
for minimizing 
the motor spin-up 
de- 
lay in the read data case is to begin the read opera- 
tion immediately 
after the motor is turned on. When 
the 
motor 
is not 
initially 
up to speed, 
the 
internal 
data separator 
will fail to lock onto the incoming 
data 
stream 
and report 
a failure 
in the status 
registers. 


The read operation 
is then repeated 
until successful 
status is obtained. 
There is no risk of a data integrity 
problem 
since the data field is CRC validated. 
But, it 
is not recommended 
to use this technique 
for the 
write 
data 
operation 
even 
though 
it requires 
suc- 
cessful 
reading of the ID field before the write takes 
place. 
The 
data 
separator 
performance 
of 
the 
82077 AA 
is such 
that 
locking 
to the 
data 
stream 
could take place while the motor 
speed variation 
is 
still significant. 
This could 
result 
in errors 
when 
an 
attempt 
is made to read the disk media by other disk 
controllers 
that 
have 
a 
narrower 
incoming 
data 
stream 
frequency 
bandwidth. 


After 
the motor 
has been turned 
on, the matching 
data rate for the media 
inserted 
into the disk drive 
should then be programmed 
to the 82077 AA via the 
Configuration 
Control 
Register 
(CCR). The 82077 AA 
is designed 
to allow a different 
data rate to be pro- 
grammed 
arbitrarily 
without 
disrupting 
the integrity of 
the device. 
In some applications, 
it is required to au- 
tomatically 
determine 
the recorded 
data rate of the 
inserted 
media. 
One technique 
for doing 
this is to 
perform 
a READ ID operation 
at each available 
data 
rate until a successful 
status is returned 
in the result 
phase. 


If implied seeks are not enabled, 
the disk drive head 
must be positioned 
over the correct 
cylinder 
by exe- 
cuting 
a SEEK 
command. 
After 
the 
seek 
is com- 
plete, a head settling 
time needs to be asserted 
be- 
fore 
the 
read 
or write 
operation 
begins. 
For most 
drives, 
this delay 
should 
be a minimum 
of 15 ms. 


When 
using implied 
seeks, 
the minimum 
head set- 
tling 
time 
can be enforced 
by the 
head 
load 
time 
(HLT) parameter 
designated 
in the SPECIFY 
com- 


, mand. 
For example, 
a HLT value of 8 will yield an 
effective 
head 
settling 
time 
of 
16 ms 
for 
a pro- 
grammed 
data 
rate of 500 
Kbps. 
Of course 
if the 
head is already 
positioned 
over the correct 
cylinder, 


the head settling time does not need to be enforced. 


The 
DMA controller 
is then 
initialized 
for the 
data 
transfer 
and the read or write command 
is executed. 
Typically 
the 
DMA 
controller 
will 
assert 
Terminal 
Count (TC) when the data transfer 
is complete. 
The 
82077 AA will then complete 
the current 
data trans- 


fer and assert the INT signal signifying 
it has entered 
the result 
phase. 
The result 
phase 
can also be en- 


tered 
by the 82077 AA if an error is encountered 
or 
the 
last 
sector 
number 
equals 
the 
End 
of 
Track 
(EOT) parameter. 


Based 
on the algorithm 
in Figure 
8-5, if an error is 
encountered 
after reading the result bytes, two more 
retries are performed 
by reinitializing 
the DMA con- 
troller 
and 
re-issuing 
the 
read 
or write 
data 
com- 
mand. 
A persisting 
failure 
could 
indicate 
the 
seek 
operation 
did not achieve 
proper alignment 
between 
the head and the track. 
The disk head should 
then 
be recalibrated 
and the seek 
repeated 
for a maxi- 


mum of two more tries. Unsuccessful 
operation 
after 
this point should 
be reported 
as a disk failure to the 
operating 
system. 


The disk formatting 
procedure 
involves 
positioning 
the head on each track and creating 
a fixed format 
field 
used for organizing 
the data fields. 
The flow- 
chart in Figure 8-6 highlights 
the typical 
format 
pro- 
cedure. 


inter 


inter 
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After the motor 
has been turned 
on and the correct 
data rate programmed, 
the disk head is recalibrated 
to track 
O. The disk is then allowed 
to come 
up to 
speed 
via a 500 ms delay. 
It is important 
the disk 
speed 
has stabilized 
before the actual formatting 
to 
avoid any data rate frequency 
variations. 
Since the 
format 
fields contain 
critical 
information 
used by the 
data separator 
of the disk controller 
for synchroniza- 
tion purposes, 
frequency 
stability 
of the data stream 
is imperative 
for media interchangeability 
among dif- 
ferent 
systems. 


The ID field data created 
on the disk during the for- 
mat process 
is provided 
by the DMA controller 
dur- 
ing the execution 
phase. The DMA controller 
is ini- 
tialized 
to send the C, H, Rand 
N values 
for each 
sector 
ID field. For example, 
to format 
cylinder 
7, on 
head 1, with 9 sectors, 
and a sector 
size of 2 (512 
bytes), the DMA controller 
should be programmed 
to 
transfer 
36 bytes 
(9 sectors 
x 4 bytes 
per sector) 
with the following 
data field: 7,1,1,2, 7,1,2,2, 7,1,3,2, 


. .. 
7,1,9,2. 
Since 
the 
values 
provided 
to 
the 
82077 AA during the execution 
phase 
of the format 
command 
are directly 
recorded 
as the ID fields 
on 
the disk, the data contents 
can be arbitrary. 
Some 
forms of copy protection 
have been implemented 
by 
taking advantage 
of this capability. 


After each head for a cylinder 
has been formatted, 
a 
seek operation 
to the next cylinder 
is performed 
and 
the format 
process 
is repeated. 
Since the FORMAT 
TRACK command 
does not have implied seek capa- 


bility, the SEEK command 
must 
be used. Also, 
as 
discussed 
in Section 
8-2, 
the 
head 
settling 
time 
needs to be adhered 
to after each seek operation. 


In some 
applications, 
the sector 
data 
needs 
to be 
verified 
immediately 
after each write operation. 
The 
verify technique 
historically 
used with the 8272A 
or 
82072 
disk controller 
involved 
reinitializing 
the DMA 
controller 
to perform a read transfer 
or verify transfer 
(DACK# 
is asserted 
but not RD#) 
immediately 
after 
each write operation. 
A read command 
is then to be 
issued to the disk controller 
and the resulting 
status 
indicates 
if the CRC validated 
the previously 
written 
data. This technique 
has the drawback 
of requiring 
additional 
software 
intervention 
by having to repro- 
gram the DMA controller 
between 
each sector write 


operation. 
The 
82077 AA supports 
this 
older 
verify 
technique 
but 
also 
provides 
a new 
VERIFY 
com- 


mand that does not require the use of the DMA con- 
troller. 


To verify a write data transfer 
or format 
track opera- 
tion using the VERIFY 
command, 
the software 
sim- 
ply issues the command 
with the same format 
as a 
READ 
DATA 
command 
but without 
the 
support 
of 
the DMA controller. 
The 82077 AA will then perform 
a disk read operation 
without 
a host data transfer. 


The CRC will be calculated 
for each sector 
read and 
compared 
against 
the 
value 
stored 
on 
the 
disk. 


When the VERIFY 
command 
is complete, 
the status 
register 
will report any detected 
CRC errors. 


This section 
presents 
a design 
application 
of a PCI 
AT 
compatible 
floppy 
disk 
controller. 
With 
an 
82077 AA, a 24 MHz crystal, a resistor 
package, 
and 
a device chip select, a complete 
floppy disk control- 
ler can be built. The 82077 AA integrates 
all the nec- 
essary 
building 
blocks 
for a reliable 
and 
low cost 
solution. 
But before 
we discuss 
the design 
applica- 
tion using the 82077 AA, it is helpful to describe 
the 
architecture 
of the original 
IBM PCI AT floppy 
disk 
controller 
design that uses the 8272A. 


9.1.1 PCIAT 
FLOPPY 
DISK CONTROLLER 
ARCHITECTURE 


The standard 
IBM PCI AT floppy 
disk controller 
us- 
ing the 8272A 
requires 
34 devices 
for a complete 
solution. 
The block diagram 
in Figure 9-1 illustrates 
the complexity 
of the disk controller. 
A major portion 
of this logic involves 
the design 
of the data separa- 
tor. The reliability 
of the disk controller 
is primarily 
dictated 
by the performance 
and stability 
of the data 
separator. 
Discrete 
board 
level 
analog 
phase 
lock 
loops generally 
offer good bit jitter margins but suffer 
from instability 
and tuning 
problems 
in the manufac- 
turing 
stage 
if not carefully 
designed. 
While 
digital 
data separator 
designs 
offer stability and generally 
a 
lower chip count, they suffer from poor performance 
in the recovery 
of data. 
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Table 9-1 indicates the drive and media types the 
IBM PCI AT disk controller can support. This re- 
quires the data separator to operate at three differ- 
ent data rates: 250 Kbps, 300 Kbps and 500 Kbps. 
Clocks to the data separator and disk controller 
need to be prescaled correspondingly to accommo- 
date each of these data rates. The clock prescaling 
is controlled by the Data rate Select Register (DSR). 
Supporting all three data rates can compromise the 
performance of the phase lock loop (PLL) if steps 
are not taken in the design to adjust the perform- 
ance parameters of the PLL with the data rate. 


Table 9·1. Standard 
PCIAT 
Drives and Media Formats 


Capacity 
Drive 
Data 
Sectors 
Cylinders 
Speed 
Rate 


360 Kbyte 300 RPM 250 Kbps 
9 
40 
'360 Kbyte 360 RPM 300 Kbps 
9 
40 
1.2 Mbyte 360 RPM 500 Kbps 
15 
80 
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The PC/AT disk controller provides direct control of 
the drive selects and motors via the Digital Output 
Register (DOR). As a result, drive selects on the 
8272A are not utilized. This places drive selection 
and motor speed-up control responsibility with the 
software. The DOR is also used to perform a soft- 
ware reset of the disk controller and tristate the 
DR02 and IR06 output signals on the PC bus. 


The design of the disk controller also requir s ad- 
dress decode logic for the disk controller and regis- 
ter set, buffering for both the disk interface and PC 
bus, support for write precompensation and monitor- 
ing of the disk change signal via a separate read 
only register (DIR). An I/O address map of the com- 
plete register set for the PC/AT floppy disk control- 
ler is shown in Table 9-2. 


I/O 
Access 
Description 
Address 
Type 


3FOH 
- 
Unused 
3F1H 
- 
Unused 
3F2H 
Write 
Digital Output 
Register 
3F3H 
- 
Unused 
3F4H 
Read 
Main Status 
Register 
3F5H 
Read/Write 
Data Register 
3F6H 
- 
Unused 
3F7H 
Write 
Data Rate Select 
Register 
3F7H 
Read 
Digital Input Register 


The 82077AA integrates the entire PC/AT controller 
design with the exception of the address decode on 
a single chip. The schematic for this solution is 
shown in Figure 9-2. The chip 
select 
for 
the 
82077AA is generated by a 16L8 PAL that is pro- 
grammed to decode addresses 03FOH thru 03F7H 
when AEN (Address Enable) is low. The program- 
ming equation for the PAL is shown in a ABEL file 
format in Figure 9-3. An alternative address decode 
solution could be provided by using a 74LS133 13 
input NAND gate and 74LS04 inverter to decode 
A3-A14 and AEN. Although the PC/AT allows for a 
64K I/O address space, decoding down to a 32K 
I/O address space is sufficient with the existing 
base of add-in cards. 


A direct connection between the disk interface and 
the 82077AA is provided by on-chip output buffers 
with a 40 mA sink capability. Open collector outputs 
from the disk drive are terminated at the disk con- 
troller with a 1500 resistor pack. The 82077AA disk 
interface inputs contain a schmitt trigger input struc- 
ture for higher noise immunity. The host interface is 
a similar direct connection with 12 mA sink capabili- 
ties on DBO-DB7, INT and ORO. 
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TITLE 
"82077AA 
PC/AT 
FLOPPY DISK 
CONTROLLER' ; 
PCAT077 
DEVICE 
"PI6L8'; 


GND,VCC 
SA3,SA4,SA5,SA6,SA7,SA8,SA9,SA10 
SA11,SA12,SA13,SA14,SA15,AEN 
CS077_ 


PIN 
10,20; 
PIN 
1,2,3,4,5,6,7,8; 
PIN 
9,11,13,14,15,16; 
PIN 
12; 


CS077_ = 
l( lSA15 & 
lSA14 & 
!SAI3 
& 
lSA12 & 
lSA11 & 
lSA10 & 
SA9 & SA8 & SA7 & SA6 & SA5 & SA4 & 
lSA3 & 
lAEN); 


9.2 3.5" Drive Interfacing 


The 82077AA 
is designed to interface to both 3.5" 
and 
5.25" 
disk 
drives. 
This 
is facilitated 
by the 
82077 AA by orienting IDENT to get the proper polar- 
ity of DENSEL for the disk drive being used. Typical- 
ly 
DENSEL 
is active 
high 
for 
high 
(500 
Kbpsl 
1 Mbps) data rates on 5.25" 
drives. And DENSEL is 
typically 
active 
low 
for 
high 
data 
rates 
on 
3.5" 
drives. 
A complete 
description 
of 
how 
to 
orient 
IDENT to get the proper polarity for DENSEL is giv- 
en in Table 2-6. 


When interfacing the 82077 AA floppy disk controller 
with a 3.5" 
disk drive in a PCI AT application, 
it is 
possible 
that two design changes 
will need to be 


implemented 
for the 
design 
discussed 
in Section 
9.1. Most 3.5" 
disk drives incorporate 
a totem pole 


interface 
structure 
as opposed 
to open 
collector. 


Outputs of the disk drive will drive both high or low 
voltage 
levels when the drive is selected, 
and float 
only when the drive has been deselected. 
These to- 
tem pole outputs generally can only sink or source 
4 mA of current. As a result, it is recommended 
to 
replace 
the 150n 
termination 
resistor 
pack with a 
4.7 
Kn 
package 
to 
pull floating 
signals 
inactive. 
Some other 3.5" 
drives do have an open collector 
interface, 
but have limited sink capability. 
In these 
cases, the drive manufacturer 
manuals usually sug- 
gest a 1 Kn termination. 


A 
second 
possible 
change 
required 
under 
"AT 
mode" 
operation 
involves 
high capacity 
3.5" 
disk 
drives that utilize a density 
select 
signal to switch 
between 
media 
recorded 
at 
a 
250 
Kbps 
and 
500 Kbps data rate. The polarity of this signal is typi- 
cally inverted 
for 3.5" 
drives versus 
5.25" 
drives. 


Thus, an inverter can be added between 
the DEN- 
SEL output of the 82077AA and the disk drive inter- 
face connector 
when using 3.5" 
drives. 


inter 


But drives that do not support both data rates or 
drives with an automatic density detection feature 
via an optical sensor do not require the use of the 
DENSEL signal. 


Another method is to change the polarity of IDENT 
with a drive select signal. ORing RESET with the 
drive select signal (DSO-3) used for the 3.5" disk 
drive will produce the proper polarity for DENSEL 
(assuming INVERT# is low). 


If IDENT is strapped to ground, the DENSEL output 
signal polarity will reflect a typical 3.5" drive mode of 
operation. That is, DENSELwill be high for 250 Kbps 
or 300 Kbps and low for 500 Kbps or 1 Mbps (as- 
suming INVERT# is low). Thus the only change 
from the disk interface shown in Figure 9-2 is to re- 
place the 1500 termination resistor pack with a val- 
ue of about 10 KO. This will prevent excessive cur- 
rent consumption 
on the 
CMOS inputs of the 
82077AA by pulling them inactive when the drive(s) 
are deselected. 


If 5.25" and 3.5" drives are to be combined in a 
design, then steps need to be taken to avoid conten- 


82077 


INPUTS 


OUTPUTS 


oso 
OS1 


tion problems on the disk interface. Since 3.5" 
drives do not have a large sink capability, the 1500 
termination resistor pack required by 5.25" drives 
cannot be used with the 3.5" drive. To accommo- 
date both drives with the same disk controller, the 
outputs of the 3.5" drive should be buffered before 
connecting to the 82077AA disk interface inputs. 
The 82077AA inputs are then connected to the nec- 
essary resistive termination load for the 5.25" inter- 
face. 


The block diagram in Figure 9-4 highlights how a 
combined interface could be designed. In this exam- 
ple, the 5.25" drive is connected to drive select 0 
(DSO)and the 3.5" drive is connected to drive select 
1 (DS1). DS1 is also used to enable a 74LS244 buff- 
er on the output signals of the 3.5" drive. The drive 
select logic of the 82077AA is mutually exclusive 
and prevents the activation of the buffer and 5.25" 
drive at the same time. Since the 74LS244 has an 


IOL of 24 mA, the termination resistor should be in- 
creased to 2200. This could impact the reliability of 
the 5.25" drive interface if the cable lengths are 
greater than 5 feet. 


To accommodate the polarity reversal of the DEN- 
SEL signal for 3.5" drives, it is routed through an 4 
inverter for the 3.5" drive interface. A 1 KO pull-up 
should be placed on the output of the inverter to 
satisfy the IOHrequirements for the 3.5" drive when 
using a 74LS04. 
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NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice . 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause permanent 
damage. 


These are stress ratings 
only. Operation 
beyond 
the 


"Operating 
Conditions" 
is not recommended 
and ex- 


tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


Storage Temperature 
- 65·C to + 150·C 


Supply Voltage 
- 0.5 to + 8.0V 


Voltage on Any Input 
GND - 
2V to 6.5V 


Voltage on Any Output .. GND - 
0.5V to VCC + 0.5V 


Power Dissipation 
1 Watt 


10.2 
D.C. Characteristics 
TA = O·C to = 70·C, vcc 
= 
+5V 
±10%, 
vss 
= AVss = OV 


Symbol 
Parameter 
Min 
Max 
Unit 
Test Conditions 


VILC 
Input Low Voltage, X1 
-0.5 
0.8 
V 


VIHC 
Input High Voltage, 
X1 
3.9 
VCC +0.5 
V 


VIL 
Input Low Voltage 
-0.5 
0.8 
V 
(all pins except X1) 


VIH 
Input High Voltage 
2.0 
VCC +0.5 
V 
(all pins except X1) 


VOL 
Output Low Voltage 
0.4 
V 
IOL = 2.5 mA 
MFM 


DRATEO-1 
0.4 
V 
IOL = 6.0mA 


DBO-7, 
INT and DRO 
0.4 
V 
IOL = 12 mA 


MEO-3, 
DSO-3, 
DIR, STP 
0.4 
V 
IOL = 40 mA 
WRDAT A, WE, HDSEL 
and DENSEL 


VOH 
Output High Voltage 
3.0 
V 
IOH = -2.5 
mA 
MFM 


All Other Outputs 
3.0 
V 
IOH = -4.0 
mA 


All Outputs 
VCC - 
0.4 
V 
IOH = -100/LA 


Vcc Supply Current (Total) 


ICC1 
1 Mbps Data Rate, VIL = Vss, VIH = Vcc 
45 
mA 
(Notes 1, 2) 


ICC2 
1 Mbps Data Rate, VIL = 0.45, VIH = 2.4 
50 
mA 
(Notes 
1, 2) 


ICC3 
500 Kbps Data Rate, VIL = Vss, VIH = Vcc 
35 
mA 
(Notes 
1, 2) 


ICC4 
500 Kbps Data Rate, VIL = 0.45, VIH = 2.4 
40 
mA 
(Notes 1, 2) 


Iccss 
Icc in Powerdown 
1.5 
mA 
(Note 3) 


IlL 
Input Load Current 
10 
/LA 
VIN = Vcc 


(all input pins) 
-10 
/LA 
VIN = OV 


IOFL 
Data Bus Output Float Leakage 
±10 
/LA 
0.45 <VOUT<VCC 


NOTES: 
1. The data bus are the only inputs that may be floated. 
2. Tested while reading a sync field of "00". 
3. VIL = Vss, VIH = Vcc; Outputs not connected to D.C. loads. 
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CIN 
Input Capacitance 
10 
pF 
F = 1 MHz, TA = 25·C 


CIN1 
Clock Input Capacitance 
20 
pF 
Sampled, 
not 100% Tested 


ClIO 
Input/Output 
Capacitance 
20 
pF 


NOTE: 
All pins except pins under test are tied to AC ground. 


82077AA~ 
I r 


CIOOd 


vss 
"\I:>""~'"" 
<:V- 
o.s~------ 
__ ~ 


290166-7 


Cload = 50 pF for all logic outputs, 


100 pF for the data bus. 


11.0 A.C. SPECIFICATIONS 
TA = O·C to 70·C, VCC = +5V 
±10%, 
Vss 
= AVss 
= OV 


Symbol 
Parameter 
Min 
Max 
Unit 


CLOCK TIMINGS 


t1 
Clock Aise Time 
10 
ns 


Clock Fall Time 
10 
ns 


t2 
Clock High Time(7) 
16 
26 
ns 


t3 
Clock Low Time(7) 
16 
26 
ns 


t4 
Clock Period 
41.66 
41.66 
ns 


t5 
Internal Clock Period(3) 


HOST READ CYCLES 


t7 
Address 
Setup to AD 
5 
, 
ns 


t8 
AD Pulse Width 
90 
ns 


t9 
Address 
Hold from AD 
0 
ns 


t10 
Data Valid from AD(12) 
80 
ns 


t11 
Command 
Inactive 
60 
ns 


t12 
Output Float Delay 
35 
ns 


t13 
INT Delay from AD 
t5 + 125 
ns 


t14 
Data Hold from AD 
5 
ns 


• 
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A.C. SPECIFICATIONS 
(Continued) 
TA = O°C to 70°C, VCC = 
+5V 
±10%, 
VSS = AVss = OV 


Symbol 
Parameter 
Min 
Max 
Unit 


HOST WRITE CYCLES 


t15 
Address 
Setup to WR 
5 
ns 


t16 
WR Pulse Width 
90 
ns 


t17 
Address 
Hold from WR 
0 
ns 


t18 
Command 
Inactive 
60 
ns 


t19 
Data Setup to WR 
70 
ns 


t20 
Data Hold from WR 
0 
ns 


t21 
INT Delay from WR 
t5 + 125 
ns 


DMACYCLES 


t22 
ORO Cycle Period(l) 
6.5 
/Ls 


t23 
DACK to ORO Inactive 
75 
ns 


t24 
RD to ORO Inactive(4) 
100 
ns 


t25 
DACK Setup to RD, WR 
5 
ns 


t26 
DACK Hold from RD, WR 
0 
ns 


t27 
ORO to RD, WR Active(l) 
0 
6 
/Ls 


t28 
Terminal 
Count Width(10) 
50 
ns 


t29 
TC to ORO Inactive 
150 
ns 


RESET 


t30 
"Hardware" 
Reset Width(5) 
170 
t4 


t30a 
"Software" 
Reset Width(5) 
(Note 11) 
/Ls 


t31 
Reset to Control 
Inactive 
2 
/Ls 


WRITE 
DATA TIMING 


t32 
Write Data Width(6) 
ns 


DRIVE CONTROL 


t35 
DIR Setup to STEP(14) 
1.0 
/Ls 


t36 
DIR Hold from STEP 
10 
/Ls 


t37 
STEP Active Time (High) 
2.5 
/Ls 


t38 
STEP Cycle Time(2) 
iJ.s 


t39 
INDEX Pulse Width 
5 
t5 


t41 
WE to HDSEL Change 
(Note 13) 
ms 
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A.C. SPECIFICATIONS 
(Continued) 
TA = O·C to 70·C, VCC = 
+5V 
±10%, 
Vss = AVSS = OV 


Symbol 
Parameter 
Mln 
Max 
Unit 


READ DATA TIMING 


t40 
Read Data Pulse Width 
50 
ns 


144 
PLL Data Rate 82077 M-1, 
82077 AA(15) 
1M 
bitls 


82077 AA-5(15) 
500K 
bitls 


t44 
Data Rate Period 1/144 


tLOCK 
Lockup Time 
64 
t44 


NOTES: 
1. This timing 
is for FIFO threshold 
= 1. When 
FIFO threshold 
is N bytes, 
the value 
should 
be multiplied 
by N and subtract 
1.5 J.Ls. The value 
shown 
is for 1 Mbps, scales 
linearly 
with data rate. 
2. This value 
can range from 0.5 ms to 8.0 ms and is dependent 
upon data rate and the Specify 
command 
value. 


3. Many timings 
are a function 
of the selected 
data rate. The nominal 
values 
for the internal 
clock 
period 
(t5) for the various 
data rates are: 


1 Mbps 
3 x oscillator 
period 
= 125 ns 


500 Kbps 
6 x oscillator 
period 
= 250 ns 


300 Kbps 
10 x oscillator 
period 
= 420 ns 
250 Kbps 
12 x oscillator 
period 
= 500 ns 


4. If DACK transitions 
before 
RD, then this specification 
is ignored. 
If there 
is no transition 
on DACK, then this becomes 
the 


ORO inactive 
delay. 
5. Reset 
requires 
a stable 
oscillator 
to meet the minimum 
active 
period. 


6. Based 
on the internal 
clock 
period 
(ts). For various 
data rates, the Write 
Data Width 
minimum 
values 
are: 


1 Mbps 
5 x oscillator 
period 
- 50 ns = 150 ns 


500 Kbps 
10 x oscillator 
period 
- 50 ns = 360 ns 


300 Kbps 
16 x oscillator 
period 
-50 
ns = 615 ns 


250 Kbps 
19 x oscillator 
period 
-50 
ns = 740 ns 


7. Test points 
for clock 
high time are 3.5V. Due to transitional 
times, 
clock 
high time max and clock 
low time max cannot 
be 
met simultaneously. 
Clock 
high time min and clock 
low time max cannot 
be met simultaneously. 


8. Based 
on internal 
clock 
period 
(ts). 


Maximum 
bit shift from nominal 
position 


9. Jitter tolerance 
is defined 
as: 
d 
x 100% 
1/4 perio 
of nominal 
data rate 
It is a measure 
of the 
allowable 
bit jitter 
that 
may 
be present 
and 
still 
be correctly 
detected. 
The 
data 
separator 
jitter 
tolerance 
is measured 
under 
dynamic 
conditions 
that jitters 
the 
bit stream 
according 
to a reverse 
precompensation 
algo- 
rithm. 
10. TC width 
is defined 
as the time that both TC and DACK are active. 


11. The 
minimum 
Reset 
active 
period 
for a Software 
Reset 
is dependent 
on the 
Data 
Rate, 
after 
the 82077 AA has been 
properly 
reset using the t30 spec. The minimum 
Software 
Reset 
period 
then 
becomes: 


1 Mbps 
21 x t4 = 0.875 
J.Ls 
500 Kbps 
42 x t4 = 1.75 
J.Ls 


300 Kbps 
70 x t4 = 2.9 
J.Ls 


250 Kbps 
84 x t4 = 3.5 J.Ls 


12. Status 
Register's 
status 
bits which 
are not latched 
may be updated 
during a Host read operation. 


13. The minimum 
MFM values 
for WE to HDSEL 
change 
(t41) for the various 
data rates are: 


1 Mbps 
0.5 ms + [8 x GPL] 


500 Kbps 
1.0 ms + [16 x GPL) 


300 Kbps 
1.6 ms + [26.66 
x GPL) 


250 Kbps 
2.0 ms + [32 x GPL] 


• 


14. This timing is a function of the selected data rate as follows: 


1 Mbps 
1.0 ,..S Min 
500 Kbps 
2.0 ,..s Min 
300 Kbps 
3.3 ,..S Min 
250 Kbps 
4.0 ,..S Min 


Part Specification 
Supported 
Feature 


Tape Drive Mode 
Perpendicular 
Drive Support 


82077AA-1 
X 
X 


82077AA 
. 
X 
I, 


82077AA-5 


AO.CS. 
OACK 


TCrt28~- 
---- t=t29~ 


ORQ 
"" 
---------- 


• 


inter 


j;::: 


t30t 


RESET 
~ 
_ 


_ 


_ 
t31~ 
__ 
ORO,INT, 
lo4Flo4(O), WE 


NOTE: 
MFM(O) refers 
to the MFM pin left open during 
hardware 
reset. 


NOTE: 
Invert high. 


DSO.'J<: 
>C 


NOTE: 
For overlapped 
seeks, 
only one step pulse per drive selection 
is issued. 
Non-overlapped 
seeks 
will issue all programmed 
step pulses. 
Invert high. 


INDEX 
~ 
-----1' 
1-\39-1 '------------------ 


HDSEL 
/ 
~ 
WE--"_Y="'~~ 


NOTE: 
Invert 
high. 
• 
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Figure 12-1. Typical Jitter Tolerance 
vs Data Rate (Capture Range) 
(250 Kbps) 
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Figure 12-2. Typical Jitter Tolerance 
vs Data Rate (Capture Range) 
(300 Kbps) 
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Figure 12·3. Typical Jitter Tolerance 
Figure 12-4. Typical Jitter Tolerance 
vs Data Rate (Capture Range) 
vs Data Rate (Capture Range) 
(500 Kbps) 
(1 Mbps), 82077AA·1 


Jitter 
Tolerance 
measured 
in percent. 
See datasheet 
- 
Section 
3.2.1 capture 
range 
expressed 
as a percent 
of data 
rate, 


Le., ±3% 
. 


• = Test 
Points: 


250,300,500 
Kbps are center, 
±3% 
@ 68% jitter, 
±5% 
@ 65% jitter 


1 Mbps are center, 
±3% 
@ 68% jitter, 
±4% 
@ 63% 
jitter 


Test 
points 
are tested 
at temperature 
and Vcc 
limits. 
Refer 
to the 
datasheet. 
Typical 
conditions 
are: room 
temperature, 
nominal 
Vcc. 
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Figure 13-1. Jitter Tolerance 
vs Data Rate (Capture Range) 
(±O% ISV, 500 Kbps) 


Figure 13-2. Jitter Tolerance 
vs Data Rate (Capture Range) 
(±O% ISV, 1 Mbps) 
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Figure 13·3. Jitter Tolerance 
vs Data Rate (Capture Range) 


,( ± 3% ISV, 500 Kbps) 


Figure 13-4. Jitter Tolerance 
vs Data Rate (Capture Range) 
(± 3% ISV, 1 Mbps) 
NOTES: 
1. Jitter 
Tolerance 
measured 
in percent. 
See datasheet-Section 
3.2.1 capture 
range 
expressed 
as a percent 
of data rate, 
i.e., ±S%. 
2. Typical 
conditions 
are: room temperature, 
nominal 
Vcc. 


TA 
Typical Values 
Ambient 
Te 
Tj 
Ice 
Vee 
°ja 
°je 
Temp. 
eC) 
eC) 
(mA) 
(V) 
eC/W) 
eC/W) 
eC) 


70 
75 
75 
30 
5.0 
36 
5 


NOTES: 
Case Temperature 
Formula: 
Te = Ta + P [(lia - 
(lle! 
Junction 
Temperature 
Formula: 
Tj = Te + P [(lje) 
P = Power 
dissipated 


(lje = thermal 
resistance 
from the junction 
to the case. 


(lja = thermal 
resistance 
from the junction 
to the ambient. 


DOCUMENT: 
82077 AA 


NEW REVISION 
NUMBER: 
290166-003 


PREVIOUS 
REVISION 
NUMBER: 
290166-002 
OCTOBER 
1989 


1. Figure 1-1; Arrow direction 
for signals 
DRO and DACK were corrected. 


2. Section 
2.1.1 b; Bit polarity for bits 4 (TRKO) and 3 (HDSEL) 
were corrected 
for the SRA register 
in Model 
30 Mode. 


3. Section 
2.3 and 8.6; Because 
of the possibility 
of the FIFO not being disabled 
by a "Software 
Reset" 
(ie: 
New LOCK Command) 
DMA verifies 
will be possible 
with the FIFO enabled. 
The second 
paragraph 
of 


Section 
2.3 DMA Transfers 
was deleted 
and the first paragraph 
of Section 
8.6 Verifies 
was corrected 
to 
reflect 
this change. 


4. Section 
5.0; The explanation 
for how the 82077 AA handles an invalid command 
was incorrect. 
A corrected 


explanation 
has been added. 


5. Table 5-1; The following 
has been modified 
to reflect 
8207AA 
enhancements: 


A) The eighth 
result byte of the DUMPREG 
command. 


B) Enhancement 
to the PERPENDICULAR 
MODE command. 


C) Addition 
of new LOCK command. 


6. Parameter 
Abbreviations; 
The following 
symbol 
descriptions 
have 
been 
added 
to reflect 
82077 AA en- 


hancements: 
DO, D1, D2, D3, LOCK, and OW. 


7. Table 5-11; WGATE 
and GAP headers 
were swapped 
to correct 
the typo. 


8. Section 
5-3; This section 
was added to reflect 
the following 
82077 AA enhancements: 
PERPENDICULAR 
MODE, 
LOCK, and DUMPREG 
commands. 


9. A.C. Specifications; 
t35 minimum 
value was changed 
from 0.5 /-Ls to 1.0 /-Ls to support 
new PERPENDICU- 


LAR floppy drive requirement, 
also Note 14 was added to the specification. 
f44 was corrected 
to reflect the 


different 
versions 
of 82077 AAs, also Note 15 was added to this specification. 


10. Section 
13; Data Separator 
Characteristics 
for Tape 
Drive Mode: PLL graphs 
were added 
for tape drive 
mode. 


Hard Disk Controller 
5 


• Controls ST506/ST412 Interface 
• Low Power CHMOS III 
Winchester Disk Drives 
• On-Chip ECC Unit Automatically 
• 5 Mbit/sec 
Data Transfer Rate 
Corrects Errors 


• Compatible with All Intel and Most 
• 5 or 11-Bit Correction-Span 
Software 
Other Microprocessors 
Selectable 


• High Speed Operation 
• Implied Seeks with Read/Write 
- 
"Zero Wait State" Operation with 
Commands 
8 MHz 80286 and 10 MHz 80186/188 
• Multiple Sector Transfer Capability 


- 
"One Wait State" Operation with 
• 128,256,512 
and 1024 Byte Sector 
10 MHz 80286 
Lengths 
• Eight High-Level Commands: Restore, 
• Available in 40-Lead Plastic Dual 
Seek, Read Sector, Write Sector, Scan 
In-Line 
10, Write Format, Compute Correction, 
(See Packaging Spec., Order #231369) 
Set Parameter 


The 82064 
Winchester 
Disk Controller 
(WDC) with on-chip 
error detection 
and correction 
circuitry 
interfaces 
microprocessor 
systems 
to 5%" 
Winchester 
disk drives. 
The 82064 
is a CHMOS 
version 
of the Western 
Digital WD2010. 
It is an upgrade to the Western 
Digital WD1010A-05 
Winchester 
Disk Controller, 
and includes 
on-chip 
ECC, support 
for drives with up to 2k tracks, 
and has an additional 
control 
signal which eliminates 
an 
external 
decoder. 


The 82064 
is fabricated 
on Intel's 
advanced 
CHMOS 
III technology 
and is available 
in 40-lead 
plastic 
DIP. 
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Figure 
2. 82064 Pinout 


Symbol 
Pin No. 
Type 
Name and Function 
DIP 
PLCC 


BCS 
1 
1 
0 
BUFFER CHIP SELECT: Output used to enable reading or 
writing of the external 
sector buffer by the 82064. When low, 


the host should not be able to drive the 82064 data bus, RD, 
orWR 
lines. 


BCR 
2 
2 
0 
BUFFER COUNTER 
RESET: Output that is asserted 
by the 


82064 prior to read/write 
operation. 
This pin is asserted 


whenever 
BCS changes 
state. Used to reset the address 


counter 
of the buffer memory. 


INTRQ 
3 
3 
0 
INTERRUPT 
REQUEST: 
Interrupt generated 
by the 82064 


upon command 
termination. 
It is reset when the STATUS 


register is read, or a new command 
is written to the 


COMMAND 
register. Optionally 
signifies when a data transfer 


is required on Read Sector commands. 


SDHLE 
4 
4 
0 
SDHLE is asserted 
when the SOH register is written by the 


host. 


RESET 
5 
7 
I 
RESET: Initializes the controller 
and clears all status flags. 


Does not clear the Task Register 
File. 


RD 
6 
8 
I/O 
READ: Tri-state, 
bi-directional 
signal. As an input, RD controls 


the transfer 
of information 
from the 82064 registers 
to the 


host. RD is an output when the 82064 is reading data from the 
sector buffer (BCS low). 


WR 
7 
9 
I/O 
WRITE: Tri-state, 
bi-directional 
signal. As an input, WR 


controls 
the transfer 
of command 
or task information 
into the 


82064 registers. 
WR is an output when the 82064 is writing 


data to the sector buffer (BCS low). 


CS 
8 
10 
I 
CHIP SELECT: Enables RD and WR as inputs for access to 
the Task Registers. 
It has no effect once a disk command 


starts. 


AO-2 
9-11 
11-13 
I 
ADDRESS: 
Used to select a register from the task register 


file. 


DBo-7 
12-19 
14-16 
I/O 
DATA BUS: Tri-state, 
bi-directionaI8-bit 
Data Bus with control 
18-22 
determined 
by BCS. When BCS is high the microprocessor 


has full control of the data bus for reading and writing the Task 
Register 
File. When BCS is low the 82064 controls 
the data 


bus to transfer 
to or from the buffer. 


Vss 
20 
23 
Ground 


WR DATA 
21 
24 
0 
WRITE 
DATA: Output that shifts out MFM data at a rate 


determined 
by Write Clock. Requires an external 0 flip-flop 


clocked 
at 10 MHz. The output has an active pullup and 


pulldown 
that can sink 4.8 mA. 


LATE 
22 
25 
0 
LATE: Output used to derive a delay value for write 
precompensation. 
Valid when WR GATE is high. Active on all 


cylinders. 


EARLY 
23 
26 
0 
EARLY: Output used to derive a delay value for write 
precompensation. 
Valid when WR GATE is high. Active on all 


cylinders. 


inter 


Symbol 
Pin No. 
Type 
Name and Function 
DIP 
PLCC 


WRGATE 
24 
27 
0 
WRITE GATE: High when write data is valid. WR GATE goes 
low if the WR FAULT input is active. This output is used by the 
drive to enable head write current. 


WRCLOCK 
25 
29 
I 
WRITE CLOCK: Clock input used to derive the write data rate. 
Frequency 
= 5 MHz for the ST506 interface. 


DIR 
26 
30 
0 
DIRECTION: 
High level on this output tells the drive to move 
the head inward (increasing 
cylinder 
number). The state of this 


signal is determined 
by the 82064's 
internal comparison 
of 


actual cylinder 
location vs. desired cylinder. 


STEP 
27 
31 
0 
STEP: This signal is used to move the drive head to another 
cylinder at a programmable 
frequency. 
Pulse width = 1.6!J.s 


for a step rate of 3.2 !J.s/step, and 8.4 !J.sfor all other step 
rates. 


DRDY 
28 
32 
I 
DRIVE READY: If DRDY from the drive goes low, the 
command 
will be terminated. 


INDEX 
29 
33 
I 
INDEX: Signal from the drive indicating 
the beginning 
of a 
track. It is used by the 82064 during formatting, 
and for 
' 


counting 
retries. Index is edge triggered. 
Only the rising edge 


is valid. 


WR FAULT 
30 
34 
I 
WRITE 
FAULT: An error input to the 82064 which indicates 
a 


fault condition 
at the drive. If WR FAULT from the drive goes 
high, the command 
will be terminated. 
, 


TRACK 000 
31 
35 
I 
TRACK ZERO: Signal from the drive which indicates 
that the 


head is at the outermost 
cylinder. 
Used to verify proper 


completion 
of a RESTORE 
command. 


SC 
32 
36 
I 
SEEK COMPLETE: 
Signal from the drive indicating 
to the 
82064 that the drive head has settled and that reads or writes 
can be made. SC is edge triggered. 
Only the rising edge is 


valid. 


RWC 
33 
37 
0 
REDUCED 
WRITE CURRENT: 
Signal goes high for all 


cylinder 
numbers above the value programmed 
in the Write 


Precomp Cylinder register. 
It is used by the precompensation 


logic and by the drive to reduce the effects of bit shifting. 


DRUN 
34 
38 
I 
DATA RUN: This signal informs the 82064 when a field of all 
ones or all zeroes has been detected 
in the read data stream 


by an external one-shot. 
This indicates 
the beginning 
of an ID 


field. RD GATE is brought high when DRUN is sampled 
high 


for 16 clock periods. 


BRDY 
35 
39 
I 
BUFFER READY: Input used to signal the controller 
that the 


buffer is ready for reading (full), or writing (empty), by the host 
!J.P.Only the rising edge indicates 
the condition. 


• 


inter 


Symbol 
Pin No. 
Type 
Name and Function 
DIP 
PLCC 


BDRQ 
36 
40 
0 
BUFFER DATA REQUEST: Activated 
during Read or Write 
commands 
when a data transfer 
between 
the host and the 
82064's 
sector buffer is required. Typically 
used as a DMA 
request line. 


RD DATA 
37 
41 
I 
READ DATA: Single ended input that accepts 
MFM data from 
the drive. 


RDGATE 
38 
42 
0 
READ GATE: Output that is asserted 
when a search for an 
address 
mark is initiated. 
It remains asserted 
until the end of 
the ID or data field. 


RD CLOCK 
39 
43 
I 
READ CLOCK: Clock input derived from the external 
data 
recovery 
circuits. 


VCC 
40 
44 
I 
D.C. POWER: + 5V. 


NC 
- 
5,6 
No Connects 
17,28 


The Intel 82064 CHMOS 
Winchester 
Disk Controller 
(WDC) 
interfaces 
microprocessor 
systems 
to Win- 
chester 
disk drives that use the Seagate Technology 
ST506/ST412 
interface. 
The device 
translates 
par- 
allel data from the microprocessor 
to a 5 Mbitlsec, 
MFM-encoded 
serial bit stream. 
It provides 
all of the 
drive control 
logic and control 
signals which simplify 
the design of external 
data separation 
and write pre- 
compensation 
circuitry. 
The 82064 is designed 
to in- 
terface 
to the 
host 
processor 
through 
an external 
sector 
buffer. 


On-chip error detection 
algorithms 
include the CRCI 
CCID 
and a 32-bit computer 
generated 
ECC poly- 
nomial. 
If the ECC code is selected, 
the 82064 
pro- 
vides three 
possible 
error handling 
techniques 
if an 
error is detected 
during a read operation: 


1. Automatically 
correct the data in the sector buffer, 
providing 
the host with good information. 


2. Provide 
the host with the error location 
and pat- 
tern, allowing 
the host to correct 
the error. 


3. Take no action other than setting 
the error flag. 


The Intel 82064 is an enhanced 
version of the West- 
ern Digital WD201 0 Winchest~r 
Disk Controller. 
The 
82064 
has been 
completely 
redesigned 
for 
Intel's 
advanced 
CHMOS 
III fabrication 
process, 
allowing 
Intel to offer a high quality, low power device while at 
the 
same 
time 
maintaining 
complete 
compatibility 
with the WD2010. 


Enhancements 
to the basic design 
include: 


Conversion 
to a CHMOS 
III fabrication 
process 
for 
low power consumption. 


Improvements 
to the processor 
interface 
to provide 
high-speed 
"zero 
wait state" 
operation 
with 10 MHz 
80186/188 
and 8 MHz 80286. High-speed 
"one wait 
state" 
operation 
with 10 MHz 80286. 


The 82064 
is completely 
socket 
and software 
com- 
patible with the WD2010 
Winchester 
Disk Controller. 


As with the WD2010, 
the 82064 
is also socket 
and 
software 
compatible 
with existing 
WD1010A-05 
de- 


signs that do not include 
external 
ECC. 


The internal 
architecture 
of the 82064 
is shown 
in 
more detail in Figure 3. It is made up of seven major 
blocks 
as described 
below. 


The PLA interprets 
commands 
and provides 
all con- 
trol functions. 
It is synchronized 
with WR CLOCK. 


Magnitude Comparator 


An 11-bit magnitude 
comparator 
is used to calculate 
the direction 
and number 
of steps 
needed 
to move 
the heads 
from the present 
to the desired 
cylinder 
position. 
It compares 
the cylinder 
number in the task 
file to the internal 
"present 
position" 
cylinder 
num- 
ber. 


A separate 
high-speed 
equivelance 
comparator 
is 
used to compare 
ID field bytes when searching 
for a 
sector 
ID field. 
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The 82064 
provides 
two options 
for protecting 
the 
integrity 
of the data field. The data field 
may have 
either 
a CRC 
(SOH register, 
bit 7 = 0), or a 32-bit 
ECC (SOH register, 
bit 7 = 1) appended 
to it. The 10 
field is always protected 
by a CRC. 


The CRC mode 
provides 
a means 
of verifying 
the 
accuracy 
of the data read from 
the disk, but does 
not attempt 
to correct 
it. The CRC generator 
com- 
putes and checks 
cyclic 
redundancy 
check 
charac- 
ters that are written 
and read from the disk after 
10 
and data fields. The polynomial 
used is: 


The CRC register 
is preset to all one's 
before 
com- 
putation 
starts. 


If the 
CRC character 
generated 
while 
reading 
the 
data 
does 
not equal 
the one previously 
written 
an 
error exists. 
If an 10 field CRC error occurs 
the "10 
not found" 
bit in the error 
register 
will be set. If a 


data field CRC error occurs 
the "ECC/CRC" 
bit in 
the error register 
will be set. 


The ECC mode is only applicable 
to the data field. It 
provides 
the user with the ability to detect 
and cor- 


rect errors 
in the data field automatically. 
The com- 
mands 
and 
registers 
which 
must 
be 
considered 
when ECC is used are: 


1. SOH Register, 
bit 7 (CRC/ECG) 


2. READ SECTOR 
Command, 
bit 0 (T) 


3. READ 
SECTOR 
and 
WRITE 
SECTOR 
Com- 
mands, 
bit 1 (L) 


4. COMPUTE 
CORRECTION 
Command 


5. SET PARAMETER 
Command 


6. STATUS 
Register, 
bit 2 - error 
correction 
suc- 
cessful 


7. STATUS 
Register, 
bit 0 - error occurred 


8. ERROR 
Register, 
bit 6 - uncorrectable 
error 


To enable 
the ECC mode, bit 7 of the SOH register 
must be set to one. 


not erro-i correction is attempted. When T = 0 and 
an error is detected, the 82064 tries up to 10 times 
to correct the error. If the error is successfully cor- 
rected' bit 2 of the STATUS Register is set. The host 
can interrogate the status register and detect that an 
error occurred and was corrected. If the error was 
not correctable, bit 6 of the ERROR Register is set. 
If the correction span was set to 5 bits, the host may 
now execute the SET PARAMETER Command to 
change the correction span to 11 bits, and attempt 
the read again. If the error persists, the host can 
read the data, but it will contain errors. 


When T = 1 and an error is detected, no attempt is 
made to correct it. Bit 0 of the STATUS Register and 
bit 6 of the ERROR Register are set. The user now 
has two choices: 
1. Ignore the error and make no attempt to correct it. 
2. Use the COMPUTE CORRECTION Command to 
determine the location and pattern of the error, 
and correct it within the user's program. 


When the COMPUTE CORRECTION Command is 
implemented, it must be done before executing any 
command which can alter the contents of the ECC 
Register. The READ SECTOR, WRITE SECTOR, 
SCAN 10, and FORMAT Commands will alter this 
register and correction will be impossible. The COM- 
PUTE CORRECTION Command may determine that 
the error is uncorrectable, at which point the error 
bits in the STATUS and ERROR Registers are set. 


Although ECC generation starts with the first bit of 
the F8H byte in the data 10 field, the actual ECC 
bytes written will be the same as if the A1H byte was 
included. The ECC polynomial used is: 


For automatic error correction, the external sector 
buffer must be implemented with a static RAM and 
counter, not with a FIFO. 


The SET PARAMETER Command is used to select 
a 5-bit or 11-bit correction span. 


When the L Bit (bit 1) of the READ SECTOR and 
WRITE SECTOR commands is set to one, they are 
referred to as READ LONG and WRITE LONG com- 
mands. For these commands, no CRC or ECC char- 
acters are generated or checked by the 82064. In 
effect, the data field is extended by 4 bytes which 
are passed to/from the sector buffer. 


With proper use of the WRITE SECTOR, READ 
LONG, WRITE LONG, and READ SECTOR Com- 
mands, a diagnostic routine may be developed to 
test the accuracy of the error correction process. 


Encodes and decodes MFM data to be written/read 
from the drive. The MFM encoder operates from 
WR CLOCK, a clock having a frequency equal to the 
bit 
rate. 
The 
MFM 
decoder 
operates 
from 
RD CLOCK, a bit rate clock generated by the exter- 
nal data separator. RD CLOCK and WR CLOCK 
need not be synchronous. 


The MFM encoder also generates the write precom- 
pensation control signals. Depending on the bit pat- 
tern of the data, EARLY or LATE may be asserted. 
External circuitry uses these signals to compensate 
for drift caused by the influence one bit has over 
another. More information on the use of the EARLY 
and LATE control signals can be found in the sec- 
tion which describes the drive interface. 


An address mark is comprised of two unique bytes 
preceeding both the 10 field and the data field. The 
first byte is used for resynchronization. The second 
byte indicates whether it is an 10 field or a data field. 


The first byte, A1H, normally has a clock pattern of 
OEH; however, one clock pulse has been sup- 
pressed, making it OAH. With this pattern, the AM 
detector knows it is looking at an address mark. It 
now examines the next byte to determine if it is an 10 
or data field. If this byte is 111101XX or 111111XX it 
is an 10 field. Bits 3, 1, and 0 are the high order 
cylinder number bits. If the second byte is F8H, it is a 
data field. 


The primary interface between the host processor 
and the 82064 is an 8-bit bi-directional bus. This bus 
is used to transmit and receive data for both the 
82064 and the sector buffer. The sector buffer con- 
sists of a static RAM and counter. Since the 82064 
makes the bus active when accessing the sector 
buffer, a transceiver must be used to isolate the host 
during this time. Figure 4 illustrates a typical inter- 
face with a sector buffer. Whenever the 82064 is not 
using the sector buffer, the BUFFER CHIP SELECT 
(BCS) is high (disabled). This allows the host access 
to the 82064's Task Register File and to the sector 
buffer. A decoder is used to generate BCS when 
AO-2 is '000', an unused address in~e 
82064. A 
binary counter is enabled whenever RD or WR go 
active. The location within the sector buffer which is 
addressed by the counter will be accessed. The 
counter will be incremented by the trailing edge of 
the RD or WR. This allows the host to access se- 
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quential bytes within the sector buffer. The decoder 
also generates a CS for the 82064 whenever AO-2 
does not equal '000', allowing access to the 82064's 
internal Task Register File while keeping the sector 
buffer tri-stated. 


During a WRITE SECTOR Command, the host proc- 
essor sets up data in the Task Register File and then 
issues the command. The 82064 asserts BUFFER 
COUNTER RESET (BCR) to reset the counter. It 
then generates a status to inform the host that it can 
load the sector buffer with data to be written. When 
the counter reaches its maximum count, the BUFF- 
ER READY (BRDY) signal is asserted by the carry 
out of the counter, informing the 82064 that the sec- 
tor buffer is full. (BRDY is a rising edge triggered 
signal which will be igcred 
if asserted before the 


82064 asserts BCR.) B S is then asserted, discon- 


necting the host through the transceivers, and the 
RD and WR lines become outputs from the 82064 to 
allow access ,tothe sector buffer. When the 82064 is 
done using the buffer, it deasserts BCS which again 
allows the host to access the local bus. The READ 
SECTOR command operates in a similar manner, 
except the buffer is loaded by the 82064 instead of 
the host. 


Another control signal, BUFFER DATA REQUEST 
(BDRQ), can be used with a DMA controller to indi- 
cate that the 82064 is ready to send or receive data. 
When data transfer is via a programmed I/O envi- 
ronment, it is the responsibility of the host to interro- 
gate the DRQ status bit to determine if the 82064 is 
ready (bit 3 of the status register). For further expla- 
nation, refer to the individual command descriptions 
and the A.C. Characteristics. 


When 
INTRa 
is asserted, 
the host is signaled 
that 
execution 
of a command 
has terminated 
(either 
a 


normal termination 
or an aborted command). 
For the 
READ 
SECTOR 
command, 
interrupts 
may be pro- 


grammed 
to be asserted 
either at the termination 
of 


the command, 
or when 
BDRa 
is asserted. 
INTRa 


will remain 
active 
until the host reads the STATUS 


register to determine 
the cause of the termination, 
or 


writes a new command 
into the COMMAND 
register. 


The 82064 asserts SDHLE whenever 
the SDH re-gis- 
ter is being written. 
This signal can be used to latch 


the drive and head select 
information 
in an external 


register for decoding. 
Figure 5 illustrates 
one method. 


The .drive side of the 82064 WDC requires three sec- 
tions 
of external 
logic. 
These 
are the 
control 
line 


buffer/receivers, 
data separator, 
and write precom- 


pensation. 
Figure 5 illustrates 
a drive interface. 


The buffer/receivers 
condition 
the control 
lines to be 


driven down the cable to the drive. The control 
lines 


.are typically 
single-ended, 
resistor 
terminated, 
TIL 


levels. The data lines to and from the drive also re- 
quire buffering. 
This is typically 
done with differential 


RS-422 
drivers. 
The 
interface 
specification 
for the 


drive will be found 
in the drive manufacturer's 
OEM 
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manual. The 82064 supplies TTL compatible signals, 
and will interface to most buffer/driver devices. 


The data recovery circuits consist of a phase locked 
loop, data separator, and associated components. 
The 82064 interacts with the data separator through 
the DATA RUN (DRUN) and RD GATE signals. A 
block diagram of a typical data separator circuit is 
shown in Figure 6. Read data from the drive is pre- 
sented to the RD DATA input of the 82064, the ref- 
erence multiplexor, and a retriggerable one shot. 
The RD GATE output will be deasserted when the 
82064 is not inspecting data. The PLL should remain 
locked to the reference clock. 


When any READ or WRITE command is initiated 
and a search for an address mark begins, the DRUN 
input is examined. The DRUN one-shot is set for 
slightly longer than one bit time, allowing it to retrig- 
ger constantly on a field of all ones or all zeroes. An 
internal counter times out to see that DRUN is as- 
serted for two byte times. RD GATE is asserted by 
the 82064, switching the data separator to lock on to 
the incoming data stream. If DRUN is deasserted 
prior to an additional seven byte times, RD GATE is 
deasserted and the process is repeated. RD GATE 
will remain asserted until a non-zero, non-address 
mark byte is detected. The 82064 will then deassert 
RD GATE for two byte times to allow the PLL to lock 
back on the reference clock, and start the DRUN 
search again. If an address mark is detected, RD 
GATE remains asserted and the command will con- 
tinue searching for the proper ID field. This se- 
quence is shown in the flow chart in Figure 7. 
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The write precompensation circuitry is designed to 
reduce the drift in the data caused by interaction 
between bits. It is divided into two parts, REDUCED 
WRITE CURRENT (RWC) and EARLY/LATE writing 
of bits. A block diagram of a typical write precom- 
pensation circuit is shown in Figure 8. 


The cylinder in which the RWC line becomes active 
is controlled by the REDUCEWRITE CURRENT reg- 
ister in the Task Register File. When a cylinder is 
written which has a cylinder number greater than or 
equal to the contents of this register, the write cur- 
rent will be reduced. This will decrease the interac- 
tion between the bits. 


Drift may also be caused by the bit pattern. With 
certain combinations of ones and zeroes some of 
the bits can drift far enough apart to be difficult to 
read without error. This phenomenon can be mini- 
mized by using EARLY and LATE as described be- 
low. The 82064 
examines three bits, the last one 
written, the one being written, and the next one to be 
written. From this, it determines whether to assert 
EARLY or LATE. Since the bit leaving the 82064 has 
already been written, it is too late to make it early. 
Therefore, the external delay circuit must be as fol- 
lows: 
EARLY asserted and LATE deasserted = no 
delay 
EARLY deasserted and LATE deasserted = 
one unit delay (typically 12-15 ns) 
5 


EARLY deasserted and LATE asserted = two 
units delay (typically 24-30 
ns) 


EARLY and LATE are always active, and should be 
gated externally by the RWC signal. Figure 8 illus- 
trates one method of using these signals. 
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The Task 
Register 
File is a bank of nine registers 
used 
to 
hold 
parameter 
information 
pertaining 
to 
each 
command, 
status 
information, 
and 
the 
com- 
mand itself. These registers 
and their addresses 
are: 


A2 
A1 
AO 
READ 
o 
0 
0 
BUS TRI-STATED 
o 
0 
1 
ERROR 
REGISTER 
o 
1 
0 
SECTOR 
COUNT 
o 
1 
1 
SECTOR 
NUMBER 


1 
0 
0 
CYLINDER 
LOW 


1 
0 
1 
CYLINDER 
HIGH 


1 
1 
0 
SDH 


1 
1 
1 
STATUS 


WRITE 


BUS TAl-STATED 


REDUCE 
WRITE 
CURRENT 


SECTOR 
COUNT 


SECTOR 
NUMBER 


CYLINDER 
LOW 


CYLINDER 
HIGH 


SDH 


COMMAND 


NOTE: 
These 
registers 
are not cleared 
by RESET 
being asserted. 


This read only register 
contains 
specific 
error infor- 
mation after the termination 
of a command. 
The bits 
are defined 
as follows: 


tid6~ 
SS 
GRG/EGG 
0 
ID 
0 
AG 
TKOOO 
DAM 


This 
bit is set when 
an 10 field 
has been 
encoun- 
tered 
that contains 
a bad block 
mark. It is used for 
bad sector 
mapping. 


TO 
DRIVE 
231242-9 


When 
in the GRG mode 
(SOH register, 
bit 7 = 0), 
this bit is set when a GRG error occurs 
in the data 
field. When 
retries 
are enabled, 
ten more attempts 
are made 
to read 
the 
sector 
correctly. 
If none 
of 
these 
attempts 
are successful 
bit 0 in the STATUS 
register is also set. If one of the attempts 
is success- 


ful, the GRG/EGG 
error bit remains set to inform the 
host that a marginal 
condition 
exists; 
however, 
bit 0 
in the STATUS 
register 
is not set. 


When 
in the EGG mode 
(SOH register, 
bit 7 = 1), 5 


this bit is set when 
the first 
non-zero 
syndrome 
is 
detected. 
When 
retries 
are enabled, 
up to ten 
at- 
tempts 
are made to correct 
the error. If the error is 
successfully 
corrected, 
this bit remains 
set; howev- 
er, bit 2 of the STATUS 
register 
is also set to inform 
the 
host that 
the 
error 
has been 
corrected. 
If the 
error is not correctable, 
the GRG/EGG 
error 
bit re- 
mains set and bit 0 of the STATUS 
register 
is also 
set. 


The data may be read even if uncorrectable 
errors 
exist. 


NOTE: 
If the long mode (L) bit is set in the READ or 
WRITE 
command, 
no error 
checking 
is performed. 


This bit is set to indicate 
that the correct 
cylinder. 
head. sector. 
or size parameter 
could not be found, 
or that a CRC error occurred 
in the ID field. This bit 


is set on the first failure and remains 
set even if the 


error is recovered 
on a retry. When 
recovery 
is un- 
successful, 
the Error bit (bit 0) of the STATUS 
regis- 


ter is also set. 


For a SCAN ID command 
with retries enabled 
(T = 
0), the Error bit in the STATUS 
register 
is set after 


ten unsuccessful 
attempts 
have been made to find 


the correct 
ID. With 
retries 
disabled 
(T = 1), only 


two attempts 
are made before 
setting the Error bit. 


For a READ 
or WRITE 
command 
with 
retries 
en- 


abled 
(T = 0), ten attempts 
are made 
to find the 


correct 
ID field. If there is still an error on the tenth 


try, 
an 
auto-scan 
and 
auto-seek 
are 
performed. 


Then 
ten more 
retries 
are made before 
setting 
the 


Error bit. When retries are disabled 
(T = 1), only two 


tries 
are made. 
No auto-scan 
or auto-seek 
opera- 


tions are performed. 


Command 
execution 
is aborted 
and this bit is set if a 


command 
was issued while DRDY is deasserted 
or 
WR FAULT is asserted. 
This bit will also be set if an 


undefined 
command 
is written 
to the 
COMMAND 


register; 
however, 
an implied 
seek will be executed. 


This bit is set during the execution 
of a RESTORE 


command 
if the TRACK 000 pin has not gone active 


after the issuance 
of 2047 step pulses. 


This bit is set during the execution 
of a READ SEC- 


TOR command 
if the DAM is not found following 
the 


proper 
sector 
ID. 


This register 
is used to define 
the cylinder 
number 


where the RWC output 
(Pin 33) is asserted. 


1716151413121 


CYLINDER 
NUMBER 
.;- 4 


111'0' YGlIU'I;;; \VVal 
Ill} 
IVdUt::U 
IfllU 
ums (,;Y"flOer IS Inler- 


nally multiplied 
by four to specify the actual cylinder 


where 
RWC is asserted. 
Thus 
a value 
of 01 H will 


cause RWC to be asserted 
on cylinder 
04H, 02H on 


cylinder 
08H •...• 
9CH on cylinder 
270H. 
9DH on 


cylinder 
274H, 
and 
so on. 
RWC 
will 
be asserted 


when the present 
cylinder 
is greater than or equal to 


four times the value of this register. 
For example. 
the 


ST506 
interface 
requires 
precomp 
on cylinder 
80H 


and above. 
Therefore, 
the 
REDUCE 
WRITE 
CUR- 


RENT register 
should 
be loaded 
with 20H. 


A value of FFH causes 
RWC to remain deasserted, 


regardless 
of the actual cylinder 
number. 


This register is used to define the number of sectors 
that 
need to be transferred 
to the buffer 
9uring 
a 


READ 
MULTIPLE 
SECTOR 
or WRITE 
MULTIPLE 


SECTOR 
command. 


17161514131 
2 
NUMBER 
OF SECTORS 


The value contained 
in the register 
is decremented 


after 
each 
sector 
is transferred 
to/from 
the sector 


buffer. 
A zero 
represents 
a 256 
sector 
transfer, 
a 


one 
a one 
sector 
transfer, 
etc. 
This 
register 
is a 
"don't 
care" 
when 
single 
sector 
commands 
are 


specified. 


This register 
holds the sector 
number of the desired 


sector. 


I 
7 
I 
6 
I 
5 
I 
4 
I 
3 
I 
2 
I 
SECTOR 
NUMBER 


For a multiple 
sector 
command, 
it specifies 
the first 


sector to be transferred. 
It is incremented 
after each 


sector 
is transferred 
to/from 
the sector 
buffer. 
The 


SECTOR 
NUMBER 
register 
may contain 
any value 


from 0 to 255. 


The SECTOR 
NUMBER 
register 
is also used to pro- 


gram the Gap 1 and Gap 3 lengths to be used when 
formating 
a disk. 
See 
the 
WRITE 
FORMAT 
com- 


mand description 
for further 
explanation. 


inter 


This register 
holds the lower byte of the desired 
cyl- 
inder number. 


I 
7 
I 
6 
I 
5 
I 
4 
I 
3 
I 
2 
I 
LS BYTE OF CYL. NUMBER 


It is used with the CYLINDER 
NUMBER 
HIGH regis- 
ter to specify 
the 
desired 
cylinder 
number 
over 
a 
range of 0 to 2047. 


This register 
holds the three most significant 
bits of 
the desired 
cylinder 
number. 


The CYLINDER 
NUMBER 
LOW/HIGH 
register 
pair 
determine 
where 
the 
R/W 
heads 
are to be posi- 
tio"ned. The host writes the desired 
cylinder 
number 
into these registers. 
Internal to the 82064 is another 
pair of registers 
that hold the present 
head location. 


When any command 
other than a RESTORE 
is exe- 
cuted, the internal 
head location 
registers 
are com- 
pared to the CYLINDER 
NUMBER 
registers to deter- 
mine how many cylinders 
to move the heads and in 
what direction. 


The internal 
head location 
registers 
are updated 
to 
equal 
the CYLINDER 
NUMBER 
registers 
after 
the 
completion 
of the seek. 


When a RESTORE 
command 
is executed, 
the inter- 
nal head 
location 
registers 
are reset to zero while 
DIR and STEP move the heads to track zero. 


The SDH register 
contains 
the desired 
sector 
size, 
drive 
number, 
and head parameters. 
The format 
is 
shown 
in Figure 
9. The 
EXT bit (bit 7) is used to 
select 
between 
the CRC or ECC mode. When 
bit 7 
= 1 the 
ECC mode 
is selected 
for the data field. 
When bit 7 = 0 the CRC mode is selected. 


The SDH byte written in the ID field of the disk by the 
FORMAT 
command 
is different 
than the SDH regis- 
ter contents. 
The recorded 
SDH byte does not have 


the drive number 
recorded, 
but does 
have the bad 
block mark written. The format 
of the SDH byte writ- 


ten on the disk is: 


171615GI:i]21110j 


BAD B. 
SIZE 
~ 
HEAD 
. 


The status register 
is used to inform the host of cer- 
tain events 
performed 
by the 82064, 
as well as re- 
porting 
status 
from the drive control 
lines. Reading 
the STATUS 
register 
deasserts 
INTRQ. 
The format 
is: 


This bit is asserted 
when a command 
is written 
into 
the COMMAND 
register 
and, except 
for the READ 
command, 
is deasserted 
at the 
end 
of the 
com- 


mand. When executing 
a READ command, 
Busy will 
be deasserted 
when the sector 
buffer 
is full. Com- 


mands 
should 
not 
be loaded 
into the 
COMMAND 
register 
when Busy is set. When the Busy bit is set, 


no other bits in the STATUS or ERROR registers 
are 
valid. 


Bit 6 - Ready 


This bit reflects 
the status of DRDY (pin 28). When 
this bit equals zero, the command 
is aborted 
and the 
status of this bit is latched. 


Bit 5 - Write Fault (WF) 


This bit reflects 
the status 
of WR FAULT 
(pin 30). 


When 
this bit equals 
one the command 
is aborted, 


INTRQ 
is asserted, 
and 
the 
status 
of 
this 
bit 
is 
latched. 


This bit reflects 
the status 
of SC (pin 32). When 
a 
seek or implied 
seek 
has been 
initiated 
by a com- 


mand, 
execution 
of the command 
pauses 
until the 
seek is complete. 
This bit is latched after an aborted 
command 
error. 


inter 


5 
4 
3 


S:!ZE 
~ 
DRIVE 
,\, 
\ 
/ 
\ 


L_--...•..-•.•..•...•.. 
-..._----------- 
~.. 


6 
5 
SECTOR SIZE 
0 
0 
256 
0 
1 
512 
1 
0 
1024 
1 
1 
128 


.... 


4 
3 
DRIVE # 
0 
0 
DSEL1 
0 
1 
DSEL2 
1 
0 
DSEL3 
1 
1 
DSEL4 


- 
2 
1 
0 
HEAD # 
0 
0 
0 
HSELO 
0 
0 
1 
HSEL1 
0 
1 
0 
HSEL2 
0 
1 
1 
HSEL3 
1 
0 
0 
HSEL4 
1 
0 
1 
HSEL5 
1 
1 
0 
HSEL6 
1 
1 
1 
HSEL7 


NOTE: 
Drive select 
and head select 
lines must be generated 
externally. 
Figure 3 represents 
one method 
of achieving 
this. 


Bit 3 - Data Request 
(DRa) 


The DRa 
bit reflects 
the status of BDRa 
(pin 36). It 
is asserted 
when 
the sector 
buffer 
must be written 
into or read from. 
DRa 
and BDRa 
remain asserted 
until BRDY indicates 
that the sector buffer has been 
filled 
or emptied, 
depending 
upon 
the 
command. 
BDRa 
can be used for DMA interfacing, 
while DRa 
is used in a programmed 
I/O environment. 


When 
set, this bit indicates 
that 
an ECC error 
has 
been detected 
during a read operation, 
and that the 
data in the sector 
buffer 
has been 
corrected. 
This 
provides 
the user with an indication 
that there 
may 
be a marginal 
condition 
within 
the drive before 
the 
errors 
become 
uncorrectable. 
This 
bit is forced 
to 
zero when not in the ECC mode. 


When 
this bit is set a command 
is being 
executed 
and 
a new 
command 
should 
not 
be 
loaded. 
Al- 
though 
a command 
is being 
executed, 
the 
sector 
buffer 
is still available 
for access 
by the host. When 
the 82064 is no longer Busy (bit 7 = 0) the STATUS 
register can be read. If other registers 
are read while 
CIP is set the contents 
of the STATUS 
register 
will 
be returned. 


This bit is set whenever 
any bits in the ERROR 
reg- 
ister are set. It is the logical 
'or' 
of the bits in the 
ERROR 
register 
and may be used by the host proc- 
essor 
to quickly 
check 
for 
nonrecoverable 
errors. 


The 
host 
must 
read the 
ERROR 
register 
to deter- 
mine what 
type of error 
occurred. 
This bit is reset 
when a new command 
is written into the COMMAND 
register. 


The 
command 
to be executed 
is written 
into 
this 
write-only 
register: 


I 
7 
I 
6 
I 
5 
I 
4 
I 
3 
I 
2 


COMMAND 


The command 
sets Busy and CIP, and begins to ex- 
ecute as soon as it is written into this register. There- 
fore, all necessary 
information 
should be loaded into 
the 
Task 
Register 
File prior 
to entering 
the 
com- 
mand. Any attempt 
to write a register will be ignored 
until command 
execution 
has terminated, 
as indicat- 
ed by the CIP bit being cleared. 
INTRa 
is deassert- 
ed when the COMMAND 
register 
is written. 


inter 


COMMAND 
7 
6 
5 
4 
3 
2 
1 
0 


RESTORE 
0 
0 
0 
1 
R3 
R2 
R1 
RO 
SEEK 
0 
1 
1 
1 
R3 
R2 
R1 
RO 
READ SECTOR 
0 
0 
1 0 
I 
M 
L 
T 
WRITE SECTOR 
0 
0 
1 
1 
0 
M 
L 
T 
SCAN 10 
0 
1 0 
0 
0 
0 
0 
T 
WRITE FORMAT 
0 
1 0 
1 
0 
G 
0 
0 
COMPUTECORRECTION 0 
0 
0 
0 
1 
0 
0 
0 
SET PARAMETER 
0 
0 
0 
0 
0 
0 
0 
S 


R3-0 = Stepping 
Rate Field 


For 5 MHz WR CLOCK: 


R3-0 = 0000 
0001 
0010 
0011 
0100 
0101 
0110 
0111 
1000 
1001 
1010 
1011 
1100 
1101 
1110 
1111 


35 /Ls 
0.5 ms 
1.0 ms 
1.5 ms 
2.0 ms 
2.5 ms 
3.0 ms 
3.5 ms 
4.0 ms 
4.5 ms 
5.0 ms 
5.5 ms 
6.0 ms 
6.5 ms 
3.2 /Ls 
16 /Ls 


I = Interrupt 
Control 


I = 0 INTRQ 
occurs 
with 
BDRQ/DRQ 
indicating 
the sector 
buffer is full. Valid only when M = 
O. 


I = 1 INTRQ 
occurs 
when 
the 
command 
is com- 
pleted 
and the host has read the sector 
buff- 
er. 


M = Multiple 
Sector 
Flag 


M = 0 Transfer 
one 
sector. 
Ignore 
the 
SECTOR 
COUNT 
register. 


M = 1 Transfer 
multiple 
sectors. 


L = Long Mode 


L = 0 Normal mode. Normal CRC or ECC functions 
are performed. 


L = 1 Long mode. No CRC or ECC bytes are devel- 
oped 
or 
error 
checking 
performed 
on 
the 
data field. The 82064 appends 
the four addi- 
tional 
bytes 
supplied 
by the host or disk to 
the data field. 


T = Retry Enable 


T = 0 Enable retries. 


G = Gap Filler Byte. 


G = O.Gaps 1, 3 and pad bytes" 
4E". 


G = 1. Gaps 1, 3 and pad bytes "M". 


S = Error Correction 
Span 


S = 0 5-bit span. 


S = 1 11-bit span. 


The 
RESTORE 
command 
is used 
to 
position 
the 
R/W 
heads 
over track 
zero. 
It is usually 
issued 
by 
the host when a drive has just been turned 
on. The 
82064 
forces 
an 
auto-restore 
when 
a 
FORMAT 
command 
has been issued following 
a drive number 
change. 


The actual 
step rate used for the RESTORE 
com- 
mand 
is determined 
by the seek 
complete 
time. 
A 
step pulse is issued and the 82064 waits for a rising 
edge on the SC line before issuing the next pulse. If 
the rising edge 
of SC has not occurred 
within 
ten 
revolutions 
(INDEX 
pulses) 
the 
82064 
switches 
to 
sensing the level of SC. If after 2047 step pulses the 
TRACK 
000 line does 
not go active 
the 82064 
will 
set the TRACK 000 bit in the ERROR register, assert 
INTRQ. 
and terminate 
execution 
of the command. 
An interrupt 
will also occur if WR FAULT is asserted 
• 
on DRDY 
is deasserted 
at any time 
during 
execu- 
tion. 


The rate field specified 
(R3-0) is stored in an internal 
register 
for 
future 
use 
in commands 
with 
implied 
seeks. 


A flowchart 
of the RESTORE 
command 
is shown 
in 
Figure 10. 


The SEEK 
command 
can be used for overlapping 
seeks on multiple drives. The step rate used is taken 
from the Rate Field of the command, 
and is stored in 
an internal 
register 
for 
future 
use 
by those 
com- 
mands with implied 
seek capability. 


The direction 
and number of step pulses needed are 
calculated 
by comparing 
the contents 
of the CYLIN- 
DER NUMBER 
registers 
in the Task Register 
File to 
the present 
cylinder 
position 
stored 
internally. 
After 
all the 
step 
pulses 
have 
been 
issued 
the 
present 
cylinder 
position 
is updated, 
INTRQ is asserted. 
and 
the command 
terminated. 


inter 


If DRDY 
is deasserted 
or WR 
FAULT 
is asserted 
during the execution 
of the command, 
INTRa 
is as- 
serted and the command 
aborts setting the AC bit in 
the ERROR 
register. 


If an implied seek is performed, 
the step rate indicat- 
ed by the rate field is used for all but the last step 
pulse. 
On the 
last 
pulse, 
the 
command 
execution 
continues 
until the rising edge of SC is detected. 
If 
10 INDEX pulses are received 
without 
a rising edge 
of SC, the 82064 
will switch 
to sensing 
the level of 
SC. 


A flowchart 
of the SEEK command 
flow is shown 
in 
Figure 11. 


The 
READ 
SECTOR 
command 
is used to transfer 
one 
or more 
sectors 
of data 
from 
the disk to the 
sector 
buffer. 
Upon 
receipt 
of the 
command, 
the 
82064 checks the CYLINDER 
NUMBER 
LOW/HIGH 
register 
pair 
against 
the 
internal 
cylinder 
position 
register 
to see if they are equal. 
If not, the direction 
and number 
of steps calculation 
takes place, and a 
seek 
is initiated. 
As stated 
in the description 
of the 
SEEK command, 
if an implied 
seek occurs, 
the step 
rate specified 
by the rate field is used for all but the 
last step pulse. On the last step pulse the seek con- 
tinues until the rising edge of SC is detected. 


If the 82064 
detects 
a change 
in the drive 
number 
since 
the 
last 
command, 
an auto-scan 
10 is per- 
formed. 
This 
updates 
the 
internal 
cylinder 
position 
register 
to reflect 
the current 
drive before 
the seek 
begins. 


After 
the 82064 
senses 
SC (with or without 
an im- 
plied seek) 
it must find an 10 field with the correct 
cylinder 
number, 
head, sector 
size, and CRC. If re- 
tries are enabled 
(T = 0), ten attempts 
are made to 
find the correct 
10 field. If there is still an error on the 
tenth 
try, an auto-scan 
10 and 
auto-seek 
are per- 
formed. 
Then ten more retries are attempted 
before 
setting 
the 10 Not Found error bit. When 
retries are 
disabled 
(T = 1) only two tries are made. No auto- 
scan or auto-seek 
operations 
are performed. 


When 
the data 
address 
mark 
(DAM) 
is found, 
the 
82064 is ready to transfer 
data into the sector buffer. 
When the disk has filled the sector buffer, the 82064 
asserts 
BORa 
and ORa and then checks 
the I flag. 


If I = 0, INTRa 
is asserted, 
signaling 
the host to 
read 
the 
contents 
of the 
sector 
buffer. 
If I = 
1, 
INTRa 
occurs 
after 
the 
host 
has read 
the 
sector 
buffer and the command 
has terminated. 
If after suc- 
cessfully 
reading 
the 10 field, the DAM is not found 
the DAM Not Found bit in the ERROR register is set. 


RIESET Rwe 
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- OUT 
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PULSE iC'- 
SET INTRQ 
RESET eUSY.CI' 
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RESET 
INlRQ, 
ERRORS, 
SET BUSY, elP 
STORE 
STEP 
RATE 


• 
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An optional 
M flag 
can 
be set for multiple 
sector 
transfers. 
When 
M = 0, one sector 
is transferred 
and the SECTOR 
COUNT 
register 
is ignored. 
When 
M = 1, multiple 
sectors 
are transferred. 
After 
each 
sector 
is transferred, 
the 
82064 
decrements 
the 
SECTOR 
COUNT 
register 
and increments 
the SEC- 
TOR 
NUMBER 
register. 
The 
next logical 
sector 
is 
transferred 
regardless 
of any interleave. 
Sectors 
are 
numbered 
during the FORMAT 
command 
by a byte 
in the 10 field. 


For the 82064 
to make 
multiple 
sector 
transfers 
to 
the sector 
buffer, the BRDY signal must be toggled 
from low to high for each sector. 
The transfers 
con- 
tinue until the SECTOR 
COUNT 
register 
equal zero. 
If the SECTOR 
COUNT 
is not zero (indicating 
more 
sectors 
remain to be read), and the sector 
buffer 
is 
full, BDRQ will be asserted 
and the host must unload 
the sector buffer. Once this occurs, the sector buffer 
is free to accept 
the next sector. 


WR FAULT and DRDY are monitored 
throughout 
the 
command 
execution. 
If WR 
FAULT 
is asserted 
or 
DRDY 
is deasserted, 
the 
command 
will terminate 
and the Aborted 
Command 
bit in the ERROR 
regis- 
ter will be set. For a description 
of the error checking 
procedure 
on the data field 
see the explanation 
in 
the section 
entitled 
"CRC 
and ECC Generator 
and 
Checker." 


Both 
the 
READ 
and 
WRITE 
commands 
feature 
a 


"simulated 
completion" 
to 
ease 
programming. 
BDRQ, DRQ, and INTRQ are generated 
in a normal 
manner 
upon 
detection 
of an error 
condition. 
This 
allows the same program 
flow for successful 
or un- 
successful 
completion 
of a command. 


In summary 
then, 
the READ SECTOR 
operation 
is 
as follows: 


When 
M = 0 (Single Sector 
Read) 


1. 
HOST: Sets 
up 
parameters. 
Issues 
READ 
SECTOR 
command. 


2. 
82064: Asserts 
BCA. 


3. 
82064: 
Finds 
sector 
specified. 
Asserts 
BCR 
and 
BCS. 
Transfers 
data 
to 
sector 
buffer. 


4. 
82064: Asserts 
BCA. Deasserts 
BCS. 


5. 
82064: Asserts 
BDRQ and DRQ. 


6. 
82064: 
If I = 1 then go to 9. 


7. 
HOST: Read contents 
of sector 
buffer. 


8. 
82064: Wait 
for 
BRDY, 
then 
assert 
INTRQ. 


End. 


9. 
82064: Assert 
INTRQ. 


10. 
HOST: Read contents 
of sector 
buffer. 
End. 


When 
M = 1 (Multiple 
Sector 
Read) 


1. 
HOST: Sets 
up 
parameters. 
Issues 
READ 
SECTOR 
command. 


2. 
82064: Asserts 
BCA. 


3. 
82064: 
Finds 
sector 
specified. 
Asserts 
BCR 
and BCS. Transfers 
data to sector buff- 
er. 


4. 
82064: Asserts 
BCR. Deasserts 
BCS. 


5. 
82064: Asserts 
BDRQ and DRQ. 


6. 
HOST: Reads contents 
of sector 
buffer. 


7. 
SECTOR 
BUFFER: 
Indicates 
data has been transferred 
by 
asserting 
BRDY. 


8. 
82064: When 
BRDY 
is asserted, 
decrement 
SECTOR 
COUNT, 
increment 
SECTOR 
NUMBER. 
If SECTOR 
COUNT = 0, go 
to 10. 


9. 
82064: 
Go to 2. 


10. 
82064: Assert 
INTRQ. 


A flowchart 
of 
the 
READ 
SECTOR 
command 
is 
shown 
in Figure 12. 


The WRITE SECTOR 
command 
is used to write one 
or more sectors 
of data from the sector 
buffer to the 
disk. 
Upon 
receipt 
of 
the 
command, 
the 
82064 
checks 
the CYLINDER 
NUMBER 
LOW/HIGH 
regis- 


ter pair against 
the internal 
cylinder 
position 
register 
to see if they are equal. If not, the direction 
and num- 
ber of steps 
calculation 
takes 
place, 
and a seek is 
initiated. 
As stated 
in the description 
of the SEEK 
command, 
if an implied 
seek 
occurs, 
the step rate 
specified 
by the rate field is used for all but the last 
step pulse. On the last step pulse the seek contin- 
ues until the rising edge of SC is detected. 


If the 82064 
detects 
a change 
in the drive 
number 
since 
the 
last 
command, 
an auto-scan 
10 is per- 
formed. 
This 
updates 
the 
internal 
cylinder 
position 
register 
to reflect 
the current 
drive before 
the seek 
begins. 


After 
the 82064 
senses 
SC (with or without 
an im- 


plied 
seek) 
BDRQ 
and 
DRQ are asserted 
and the 
host begins filling the sector 
buffer with data. When 
BRDY is asserted, 
a search 
for the 10 field with the 
correct 
cylinder 
number, 
head, sector size, and CRC 
is initiated. 
If retries 
are enabled 
(T = 0), ten at- 
tempts 
are made to find the correct 
10 field. If there 
is still an error on the tenth try, an auto-scan 
10 and 
auto-seek 
are performed. 
Then ten more retries are 
attempted 
before setting 
the 10 Not Found error bit. 


When retries are disabled 
(T = 1) only two tries are 
made. 
No auto-scan 
or auto-seek 
operations 
are 
performed. 


inter 
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DE-ASSERT 
INTRQ. 
ERRORS. 
ASSERT BUSY, ClP 


0) 
• 


inter 


o 


CORRECT 
ERROR 
AND 
SET rNlC 
IN STATUS 
REG. (BIT 2) 


'If 
T bit of command 
= 1 then dashed 
path is taken. 


"If 
T bit of command 
= 1 then test is for 2 index pulses. 


intJ 


When the correct 
ID is found, WR GATE is asserted 
and data is written 
to the disk. When the CRC/ECC 
bit (SDH 
Register, 
bit 7) is zero, the 82064 
gener- 
ates a two byte CRC character 
to be appended 
to 
the data. When 
the CRC/ECC 
bit is one, four ECC 
bytes replace 
the CRC character. 
When 
L = 1, the 
polynomial 
generator 
is inhibited 
and neither CRC or 
ECC bytes are generated. 
Instead four bytes of data 
supplied 
by the host are written. 


During a WRITE 
MULTIPLE 
SECTOR 
command 
(M 
= 1), the SECTOR 
NUMBER 
register 
is increment- 
ed and the SECTOR 
COUNT 
register 
is decrement- 
ed. If BRDY is asserted 
after the first sector 
is read 
from the sector 
buffer, the 82064 continues 
to read 
data from 
the 
sector 
buffer 
for the 
next sector. 
If 
BRDY is deasserted, 
the 82064 
asserts 
BDRQ and 
waits for the host to place 
more data in the sector 
buffer. 


In summary 
then, the WRITE 
SECTOR 
operation 
is 
as follows: 


When 
M = 0,1 


1. HOST: Sets up parameters. 
Issues WRITE 
SEC- 
TOR command. 


2. 82064: Asserts 
BDRQ and DRQ. 


3. HOST: 
Loads sector 
buffer with data. 


4. 82064: Waits for rising edge of BRDY. 


5.82064: 
Finds 
specified 
ID field. 
Writes 
sector 
to 
disk. 


6. 82064: 
If M = 0, asserts 
INTRQ. End. 


7.82064: 
Increments 
SECTOR 
NUMBER. 
Decre- 
ments SECTOR 
COUNT. 


8. 82064: 
IF SECTOR 
COUNT 
= 0, assert 
INTRQ. 
End. 


9. 82064: 
Go to 2. 


A flowchart 
of the 
WRITE 
SECTOR 
command 
is 
shown 
in Figure 13. 


The SCAN ID command 
is used to update the SDH, 
SECTOR 
NUMBER, 
and 
CYLINDER 
NUMBER 
LOW/HIGH 
registers. 


After the command 
is loaded, the SC line is sampled 
until it is valid. The DRDY and WR FAULT 
lines are 
also 
monitored 
throughout 
execution 
of the 
com- 
mand. If a fault occurs the command 
is aborted 
and 
the appropriate 
error bits are set. When the first ID 
field 
is found, 
the ID information 
is loaded 
into the 
SDH, SECTOR 
NUMBER, 
and CYLINDER 
NUMBER 
registers. 
The 
internal 
cylinder 
position 
register 
is 
also 
updated. 
If this 
is an auto-scan 
caused 
by a 


change 
in drive numbers, 
only the internal 
position 
register 
is updated. 
If a bad block 
is detected, 
the 
BAD BLOCK 
bit will also be set. 


If an ID field is not found, 
or if a CRC error occurs, 


and if retries are enabled 
(T = 0), ten attempts 
are 
made to read it. If retries are disabled 
(T = 1), only 
two 
tries 
are made. 
There 
is no auto-seek 
in this 
command 
and the sector 
buffer is not disturbed. 


A flowchart 
of the SCAN 
ID command 
is shown 
in 
Figure 14. 


The WRITE 
FORMAT 
command 
is used to format 
one track using information 
in the Task Register 
File 
and the sector 
buffer. 
During execution 
of this com- 
mand, the sector buffer is used for additional 
param- 
eter information 
instead of data. Shown 
in Figure 15 
is the 
contents 
of a sector 
buffer 
for a 32 sector 
track with an interleave 
factor 
of two. 


Each sector 
requires 
a two byte sequence. 
The first 
byte designates 
whether 
a bad block 
mark is to be 
recorded 
in the sector's 
ID field. An OOH is normal; 


an 80H indicates 
a bad block mark for that sector. 
In 
the example 
of Figure 
15, sector 
04 will get a bad 
block mark recorded. 
The second 
byte indicates 
the 
logical 
sector 
number 
to be recorded. 
This 
allows 
sectors to be recorded 
with any interleave 
factor de- 
sired. 
The 
remaining 
memory 
in the 
sector 
buffer 
may be filled with any value; 
its only purpose 
is to 
generate 
a BRDY to tell the 82064 to begin format- 
ting the track. 


If the drive number has been changed 
since the last 
command, 
an 
auto-restore 
is initiated, 
positioning 
the heads to track 000. The internal cylinder 
position 
register 
is set to zero 
and the 
heads 
seek 
to the 
track specified 
in the Task Register 
File CYLINDER 
NUMBER 
register. 
This prevents 
an ID Not Found 
error from occuring 
due to an incompatible 
format, 
or the track 
having 
been erased. 
A normal 
implied 
seek is also in effect 
for this command. 


The SECTOR 
COUNT 
register 
is used to hold the 
total number of sectors 
to be formatted 
(FFH = 255 
sectors), 
while the SECTOR 
NUMBER 
register holds 
the 
number 
of bytes, 
minus 
three, 
to be used 
for 
Gap 
1 and 
Gap 
3. If, for 
example, 
the 
SECTOR 
COUNT 
register 
value 
is 02H 
and 
the 
SECTOR 
NUMBER 
register 
value is OOH, then 2 sectors 
are 
formatted 
and 3 bytes of 4EH are written 
for Gap 1 
and Gap 3. The data fields 
are filled with FFH and 
the CRC or ECC is automatically 
generated 
and ap- 
pended. 
After 
the last sector 
is written 
the track 
is 
filled with 4EH. 


inter 


inter 


RESET INIRQ, 
ERRORS 
SET BUSY, 
CIP 


SEARCH 
FOR 
ANY 
10 FIELD 


UPDATE 
SOH, 
cn. SECTOR. 
en 
POS, 
REG'S 


SET INIRO, 
AC 
RESET BUSY, 
CIP 


• 
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DATA 
ADDR 
0 
1 
2 
3 
4 
5 
6 
7 


00 
00 
00 
00 
10 
00 
01 
00 
11 
08 
00 
02 
00 
12 
00 
03 
00 
13 
10 
80 
04 
00 
14 
00 
05 
00 
15 
18 
00 
06 
00 
16 
00 
07 
00 
17 
20 
00 
08 
00 
18 
00 
09 
00 
19 
28 
00 
OA 
00 
1A 
00 
OB 
00 
1B 
30 
00 
OC 
00 
1C 
00 
00 
00 
10 
38 
00 
OE 
00 
1E 
00 
OF 
00 
1F 
40 
FF 
FF 
FF 
FF 
FF 
FF 
FF 
FF 
: 
: 
FO 
FF 
FF 
FF 
FF 
FF 
FF 
FF 
FF 


The user may select a value of 4EH or AAH for Gaps 
1, 3 and pad bytes. This is done by setting bit 2 (Gap 
Filler Byte) of the format command 
to "0" for a value 
of 4EH or "1" 
for a value 
of AAH. 
AAH 
provides 
better 
frequency 
discrimination 
with MFM decoding, 
allowing 
for simpler 
circuitry. 


The Gap 3 value 
is determined 
by the drive motor 
speed 
variation, 
data 
sector 
length, 
and the 
inter- 
leave factor. 
The interleave 
factor 
is only important 
when 
1:1 interleave 
is used. The formula 
for deter- 
mining the minimum 
Gap 3 length is: 


M = motor speed variation 
(e.g., 0.03 for + 3%) 
S = sector 
length 
in bytes 
K = 18 for an interleave 
factor 
of 1 
o for any other interleave 
factor 
E = 
2 if ECC is enabled 
(SOH register, 
bit 7 = 1) 


As for all commands, 
if WR FAULT 
is asserted 
or 
OROY is deasserted 
during 
execution 
of the com- 
mand, 
the 
command 
terminates 
and 
the 
Aborted 
Command 
bit in the ERROR 
register 
is set. 


Figure 
16 shows 
the format 
which 
the 
82064 
will 
write on the disk. 


A flowchart 
of the 
WRITE 
FORMAT 
command 
is 
shown 
in Figure 17. 


COMPUTE 
CORRECTION 


The 
COMPUTE 
CORRECTION 
command 
deter- 
mines the location 
and pattern 
of a single burst er- 
ror, but does not correct 
it. The host, using the data 
provided 
by the 82064, 
must perform 
the actual cor- 
rection. 
The COMPUTE 
CORRECTION 
command 
is 
used following 
a data field ECC error. The command 
initiating 
the read must specify 
no retries (T = 1). 


The COMPUTE 
CORRECTION 
command 
first writes 
the four syndrome 
bytes from the internal 
ECC regis- 
ter to the 
sector 
buffer. 
Then 
the 
ECC register 
is 
clocked. 
With each clock, 
a counter 
is incremented 
and the pattern 
examined. 
If the pattern 
is correct- 
able, the procedure 
is stopped 
and the count 
and 
pattern are written to the sector 
buffer, following 
the 
syndrome. 
The process 
is also stopped 
if the count 
exceeds 
the sector size before a correctable 
pattern 
is found. 


When 
the 
command 
terminates 
the 
sector 
buffer 
contains 
the following 
data: 


Syndrome 
MSB 
Syndrome 
Syndrome 
Syndrome 
LSB 
Error Pattern Offset 
Error Pattern 
Offset 
Error Pattern 
MSB 
Error Pattern 
Error Pattern 
LSB 


As an example, 
when the Error Pattern Offset is zero 
the following 
procedure 
may correct 
the error. The 
first data byte of the sector 
is exclusive 
OR'd 
with 
the MSB of the Error Pattern, 
the second 
data byte 
with the second 
byte of the Error Pattern, 
and the 
third data byte with the LSB of the Error Pattern. 


If the sector buffer count exceeds 
the sector size, or 
if the error burst length is greater 
than that selected 
by the Set Parameter 
command, 
the ECC/CRC 
error 
in the 
ERROR 
register 
and 
the 
Error 
bit 
in the 
STATUS 
register 
is set. 


This 
command 
selects 
the 
correction 
span 
to 
be 
used for the error correction 
process. 
A 5-bit span is 
selected 
when 
bit zero of the command 
equals 
0, 
and 
an 
11-bit 
span 
when 
bit zero 
equals 
1. The 
82064 defaults 
to a 5-bit span after a RESET. 
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IDFIELD 
A1 
= 
A 1H with OAH Clock 


IDENT 
= 
Bits 3, 1, 0 = Cylinder High 
FE = 0-255 Cylinders 
FF = 256-511 
Cylinders 
FC = 512-767 Cylinders 
FD = 768-1023 
Cylinders 
F6 = 1024-1279 
Cylinders 
F7 = 1280-1535 
Cylinders 
F4 = 1536-1791 
Cylinders 
F5 = 1792-2047 
Cylinders 


HEAD 
= 
Bits 0, 1, 2 = Head Number 
Bits 3, 4 = 0 
Bits 5, 6 = Sector Size 
Bit 7 = Bad Block Mark 


Sec # 
= 
Logical Sector Number 


DATA FIELD 
. 


A1 
= 
A 1H with OAH clock 


F8 
= 
Data Address 
Mark; Normal Clock 


USER 
= 
Data Field 128 to 1024 Bytes 


NOTE: 
1. GAP 1 and 3 length 
determined 
by Sector 
Number 
Register 
contents 
during 
formatting. 
• 


inter 


RESET INTRQ 
ERRORS, 
SET ClP, 
BUSY 
ACTlVA TE BDRO 


RESET WR GATE, BCS 


PULSE 
BCR, 
SET IN1RO 


RESET 
BUSY. 
OP 
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ELECTRICAL 
CHARACTERISTICS 
ABSOLUTE 
MAXIMUM 
RATINGS· 


NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice . 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings only. Operation 
beyond 
the 
"Operating 
Conditions" 
is not recommended 
and ex- 
tended 
exposure 
beyond 
the 
"Operating 
Conditions" 
may affect device reliability. 


Ambient 
Temperature 
Under Bias 
O·C to 70·C 


Storage Temperature 
- 65·C to + 150·C 


Supply Voltage 
- 0.5V to + 8V 


Voltage on Any Input .. : 
GND - 
2V to + 6.5V 


Voltage on Any Output 
.GND 
- 
0.5V to Vee + 0.5V 


Power Dissipation 
1 Watt 


Symbol 
Parameter 
Min 
Max 
Units 
Test Conditions 


IlL 
Input Leakage Current 
±10 
/LA 
VIN = Vee to OV 


IOFL 
Output Leakage Current 
±10 
/LA 
VOUT = Vee to OA5V 


VIH 
Input High Voltage 
2.0 
Vee + 0.5 
V 


VIL 
Input Low Voltage 
-0.5 
0.8 
V 


VOH 
Output High Voltage 
Vee - 
004 
V 
IOH = -100 
/LA 
3.0 
IOH = -2.5 
mA 


VOL 
Output Low Voltage 
004 
V 
IOL = 2.5 mA 
0045 
6.0 mA P21, 
22,23 


Ice 
Supply Current 
20 
mA 
See Note 10 
45 
See Note 11 


leess 
Standby Supply Current 
2 
mA 
See Note 12 


CIN 
Input Capacitance 
10 
pF 
fc = 1 MHz 


ClIO 
I/O Capacitance 
20 
pF 
Unmeasured 
pins 
returned 
to GND 


For Pins 25, 34, 37, 39 (WR CLOCK, 
DRUN, READ DATA, READ CLOCK) 


TRS 
Rise Time 
30 
ns 
0.9V to 4.2V 


Symbol 
Parameter 
Min 
Max 
Units 
Test Conditions 


1 
Address 
Stable Before RD J.. 
0 
ns 


2 
Data Delay from RD J.. 
150 
ns 


3 
RD Pulse Width 
100 
ns 


4 
Data Valid after RD i 
10 
100 
ns 


5 
Address 
Hold Time after RD i 
0 
ns 


6 
Read Recovery 
Time 
300 
ns 


7 
CS Stable before RD J.. 
0 
ns 
See Note 6 
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Symbol 
Parameter 
Min 
Max 
Units 
Test Conditions 
8 
Address 
Stable Before WR .! 
0 
ns 


9 
CS Stable Before WR .! 
0 
ns 


10 
Data Setup Time Before WR t 
75 
ns 


11 
WR Pulse Width 
100 
10000 
ns 


12 
Data Hold Time After WR t 
0 
ns 


13 
Address 
Hold Time After WR t 
0 
ns 


14 
CS Hold Time After WR t 
0 
ns 
See Note 7 


15 
Write Recovery 
Time 
300 
ns 


47 
SDHLE Propagation 
Delay 
20 
150 
ns 


AO-2, 
X_ 
_-I-@- 
@_ 
1--- 
cs 
GD 
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Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Test Conditions 


16 
BCS t to RD Valid 
0 
100 
ns 


17 
RD Output Pulse Width 
300 
400 
500 
ns 
See Note 3 
I 


18 
Data Setup to RD i 
140 
ns 


19 
Data Hold from RD i 
0 
ns 


20 
RD Repetition 
Rate 
1.2 
1.6 
2.0 
J.ts 
See Note 8 


21 
RD Float from BCS i 
0 
100 
ns 


~~------I~ 


Ml 


(OUTPUT) 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Test Conditions 


22 
BCS t to WR Valid 
0 
100 
ns 


23 
WR Output Pulse Width 
300 
400 
500 
ns 
See Note 3 


24 
Data Valid from WR t 
150 
ns 


25 
Data Hold from WR i 
60 
200 
ns 


26 
WR Repetition 
Rate 
1.2 
1.6 
2.0 
J.ts 
See Note 8 


27 
WR Float from BCS i 
0 
100 
ns 


':4-------------<' ~ 
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Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Test Conditions 


28 
BDRQ Reset from BRDY 
20 
200 
ns 


29 
BRDY Pulse Width 
400 
ns 
See Note 4 


30 
BCR Pulse Width 
1.4 
1.6 
1.8 
IJ-s 
See Notes 9, 13, 15 


31 
STEP Pulse Width 
1.5 
1.6 
1.7 
IJ-s 
Step Rate = 3.2IJ-s/step 


7.6 
8.0 
8.4 
IJ-s 
All other step rates, 
See Notes 14, 15 


32 
INDEX Pulse Width 
500 
ns 


33 
RESET Pulse Width 
24 
WRCLK 
See Note 2 


34 
RESET ..J,to BCR ..J, 
0 
1.6 
3.2 
IJ-s 
See Notes 1,15 


35 
RESET t to WR, CS ..J, 
6.4 
IJ-s 
See Note 1 


36 
WR CLOCK Frequency 
0.25 
5.0 
5.25 
MHz 
50% Duty Cycle 


37 
RD CLOCK Frequency 
0.25 
5.0 
5.25 
MHz 
See Note 5 
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Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Test Conditions 


38 
RD CLOCK Pulse Width 
95 
2000 
ns 
50% Duty Cycle 


39 
RD DATA after RD CLOCK..J, 
10 
ns 


40 
RD DATA before RD CLOCK t 
20 
ns 


41 
RD DATA Pulse Width 
40 
T38/2 
ns 


42 
DRUN Pulse Width 
30 
ns 


inter 
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Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Test Conditions 


43 
WR CLOCK Pulse Width 
95 
2000 
ns 
50% Duty Cycle 


Propagation 
Delay 


44A 
WR CLOCK t to WR DATA t 


448 
WR CLOCK J.. to WR DATA J.. 
10 
65 
ns 


440 
WR CLOCK J.. to WR DATA t 


45A 
WR CLOCK t to EARLY ILA TE J.. 
10 
65 
ns 


458 
WR CLOCK J.. to EARLY I LATE J.. 


46A 
WR CLOCK t to EARLY I LATE t 
10 
65 
ns 


468 
WR CLOCK J.. to EARLY ILATE t 
• 
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c.. = 50 pF 
I 
100 pF Databus 
-= 
pins only 


231242-28 


AC Testing: Inputs Are Driven At 2.4V For A Logic .1, And 
0.45V For A Logic .0. Timing Measurements Are Made At 
2.0V For a Logic .1, And 0.8V For A Logic .0. 


NOTES 
1. Based 
on WR CLOCK 
= 5.0 MHz 
2. 24 WR CLOCK 
periods 
= 4.8 p.s at 5.0 MHz. 


3.2 
WR CLOCK 
periods 
± 100 ns. 
4. Previous 
restrictions 
on BRDY 
no longer 
apply. 
There 
are no restrictions 
on when 
BRDY 
may come. 
BRDY 
may 
be 
connected 
directly 
to BORa. 


5. WR CLOCK 
Frequency 
= RD CLOCK 
Frequency 
± 15%. 
6. RD may be asserted 
before 
CS as long as it remains 
active 
for at least the minimum 
T3 pulse width 
after CS is asserted. 


7. WR" may 
be asserted 
before 
CS as long 
as it remains 
active 
for 
at least 
the 
minimum 
T11 
pulse 
width 
after 
CS 
is 
asserted. 
8. 8 WR CLOCK 
periods 
± 2 WR CLOCK 
periods. 


9. 8 WR CLOCK 
periods 
± 1 WR CLOCK 
period. 


10. ViL = GND, VIH = Vcc, 
Outputs 
Open. 
11. VIL = 0.8V, VIH = 2.0V, Outputs 
Open. 


12. WR CLOCK 
& RD CLOCK = DC, VIL = OV, VIH = Vcc. 
all output 
open, CS inactive. 
13. This specification 
is for BCR pulse width during command 
execution. 
BCR is also triggered 
by RESET. 
In this case. BCR 
pulse width 
is greater 
than RESET 
pulse width. 


14. 40 WR Clocks 
± 2. 
15. Specification 
represents 
actual 
functionality 
of 82064 
and WD2010. 
Previous 
datasheets 
contain 
typographical 
errors. 
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The 82064 Winchester Disk Controller (WDC) was de- 
veloped to ease the complex task of interfacing Win- 
chester disk drives to microprocessor systems. Specifi- 
cally, the 82064 WDC interfaces to drives that conform 
to the ST506 specification, which is the dominant inter- 
face for 5,/. inch drives. This Application Note pro- 
vides some background on the 82064 WDC, the drive 
interfaces and general software routines. It concludes 
with a design example using the 82064 WDC interfaced 
to the SBXTMbus. Appendix B contains the listing of 
the software necessary to operate this controller board. 


Since the 82064 WDC interfaces only to drives con- 
forming to the ST506 specification, this overview will 
limit itself to those drives. A summary of the ST506 
specification is shown in Appendix A for those who are 
not familiar with it. The ST506 Winchester Disk con- 
tains from I to 8 hard disks (or platters) with the aver- 
age being 2 to 3 disks. These disks are made from alu- 
minum (hence the term hard disk) and are coated with 
some type of recording media. The recording media is 
typically made of magnetic-oxide, which is similar to 
the material used on floppy disks and cassette tapes. 
Each side of a hard disk is coated with recording media 
and each side can store data. Each surface of a disk has 
its own read/write head. 


Hard disk drives are sealed units because the RIW 
heads actually fly above the disk surface at about 8 to 
20 microinches. A piece of dust or dirt, which appears 
as a boulder to the gap between the heads and the disk 
surface, will wreak havoc upon the disk media. 


The RIW heads are mechanically connected together 
and move as a single unit across the surface of the disk. 
There are 2 basic methods for positioning the heads. 
The first is with stepper motors, which is the most com- 
mon method and is also used on most floppy disk 
drives. These positioners are used mainly because of 
their low cost. 


The second method of positioning the heads is to use a 
voice-coil mechanism. These units do not move in steps 
but swing across the disk. These mechanisms generally 
permit greater track density than steppers, but also re- 
quire complex feedback electronics which increases the 
cost of the drive. Generally, voice-coil head positioners 
use closed loop servo positioning, as compared to the 
open loop positioning used with stepper motors. 


The surface of a disk is divided logically into concentric 
circles radiating from the center as shown in Figure I. 
Each concentric circle is called a track. 


The group of tracks, all in the same position, on all of 
the disks (platters) in the drive is collectively called a 
cylinder. The number of tracks on a surface (which 
affects storage density) is determined by the head posi- 
tioners. Typically, stepper head positioners have fewer 
tracks than drives that use a voice coil positioner. 
Which type of positioner is used is irrelevant to the 
82064 as positioners are part of the drive electronics. 
The 82064 can access up to 2048 tracks per surface. 


Once the surface is divided into cylinders it is further 
divided radially (as with a pie). The area between the 
radial spokes is referred to as a sector. The number of 
sectors per track is determined by many variables, but 
is basically determined by the number of data bytes and 
the length of the ID field (which locates a sector). Fig- 
ure 2 shows one manufacturer's specifications for their 
drive. The manufacturer formats the drive with 32-256 
byte sectors per track. Alternatively, the drive could be 
reformatted to contain 17-512 byte sectors per track. 
This second option has fewer sectors per track but 
stores more data. Determining how many bytes each 
sector contains is done by extensive analysis of the 
hardware and operating system. The 82064 WDC is 
programmable for sector size during formatting. 


The order in which sectors are logically numbered on 
the track is called interleaving. An interleave factor of 
four would have three sectors separating logically se- 
quential sectors. Starting at the index pulse, an example 
of four way interleaving is: 
Sector I, Sector X, Sector Y, Sector Z, Sector 2, Sec- 
tor ... 


"-.I. r 
lfhtormattea 
Per Drive 
Per Surface 
Per Track 
Formatted 
Per Drive 
Per Surface 
Per Track 
Per Sector 
Sectors 
per Track 


Transfer 
Rate 


6.38 Megabytes 
1.59 Megabytes 
10416 Bytes 


5.0 Megabytes 
1.25 Megabytes 
8192 Bytes 
256 Bytes 
32 


5.0 Megabits 
per second 


Access 
Time 
Track 
to Track 
Average 
(Inc. Settle) 
Maximum 
(Inc. 
Settle) 
Settling 
Time 


Average 
Latency 


Functional 
Specifications 
Rotational 
speed 
Recording 
density 
Flux density 
Track 
density 
Cylinders 
Tracks 
RIW 
Heads 
Disks 


3 ms 
170 ms 
500 ms 
15 ms 


8.33 ms 


3600 rpm± 
1% 
7690 bpi max 
7690 fci 
255 tpi 
153 
612 
4 
2 


Interleaving 
is used 
primarily 
because 
one sector 
at a 
time is transferred 
from disk to sector 
butTer to system 
RAM. 
This transferring 
of data takes time, and causes 
a delay between 
the first sector 
transferred 
and sectors 
that follow it. Without 
interleaving, 
the delay in trans- 
ferring 
data would result in sectors 
on the disk rotating 
past the heads before they could be read. The operating 
system 
would 
then have to wait one disk revolution 
to 
get to the next sector 
(a 16.7 msec delay). 
With 
inter- 
leaved 
sectors, 
the 
next 
logical 
sector 
would 
be posi- 
tioned 
beneath 
the 
heads 
after 
the 
previous 
sector 
of 
data 
had been transferred 
to the system 
RAM. 
Inter- 
leaving 
unfortunately 
slows 
down 
the overall 
transfer 
rate from the disk. A 5 Mbit/second 
transfer 
rate aver- 
ages 
out 
to 
a 
1:25 Mbit/second 
transfer 
rate 
when 
many 
sectors 
are transferred 
with 
four 
way interleav- 
ing. Again, 
how much interleaving 
to use is determined 
by extensive 
hardware/software 
benchmarking. 


Whenever 
data 
is stored 
on 
a multiple 
platter 
disk 
drive, 
the same 
track 
on all surfaces 
whould 
be used 
before repositioning 
the heads to another 
track. 
Reposi- 
tioning 
the heads 
generates 
a longer 
delay 
due to the 
mechanical 
delay 
of moving 
the 
heads. 
Switching 
to 
another 
head 
incurs 
no mechanical 
positioning 
delay. 
Only one head can be selected 
at a time. 
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times faster than 
the floppy (a floppy spins at 360 rpm 
for the popular 
double 
density 
disk drives). 
This yields 
an immediate 
one-tenth 
reduction 
in access 
times 
for 
the same size drive. While both ST506 drives and flop- 
pies use stepper 
motors, 
the 
steppers 
utilized 
by the 
hard. 
disk 
drives 
are 
approximately 
twice 
as fast 
as 
those used by floppies. 


2.0 82064 WINCHESTER 
DISK 
CONTROLLER 


The 82064 WDC 
provides 
most of the functions 
neces- 
sary 
to 
interface 
between 
a microprocessor 
and 
an 
ST506 
compatible 
disk drive. 
The 
82064 converts 
the 
high level commands 
and parallel 
data of a microproc- 
essor 
bus 
into 
ST506 
compatible 
disk 
control 
signals 
and serial MFM 
encoded 
data. 
This section 
presents 
a 
detailed 
description 
of the 
82064 
and 
a discussion 
of 
various 
techniques 
which 
can be used to interface 
the 
82064 to a microprocessor. 


The internal 
structure 
of the 82064 is divided 
into sev- 
eral sections 
as shown 
in Figure 
3. They are: 


1. the 
microprocessor 
interface 
which 
includes 
the 
status 
and task registers; 


2. sector 
butTer control; 


3. the drive interface; 


4. the data 
transfer 
section, 
which 
includes 
the MFM 
• 
encoding/decoding 
of microprocessor 
data; 


5. and CRC/ECC 
generation 
and checker. 


2.1 Clock Inputs 


The 
82064 
has 
two 
clock 
inputs: 
read 
clock 
(RD 
CLOCK) 
and 
write 
clock 
(WR 
CLOCK). 
The 
PLA 
controller, 
the processor 
interface, 
butTer control 
and 
MFM 
encoding 
sections 
operate 
otT the WR 
CLOCK 
input. The RD CLOCK 
input is used only for decoding 
the MFM 
data 
stream. 
The 
clocks 
may 
be asynchro- 
nous to one another. 
Both clocks 
have non-TTL 
com- 
patible 
inputs. 
The easiest method 
to interface 
to 'FTL 
requires 
a pull-up 
resistor 
to satisfy their 
input 
voltage 
needs. The resistor's 
value must be compatible 
with the 
VIL 
specification 
of these 
pins. 
See the 
Pin 
Descrip- 
tions Section 
for more specific information. 


The microprocessor 
interface 
of the 82064 contains 
the 
control 
logic which 
permits 
commands 
and data 
to be 
transferred 
between 
the host and the 82064. The inter- 
face consists 
of an 8 bit, tri-state, 
bidirectional 
data bus; 


the task registers; 
a 3 to 8 address 
decoder 
for selecting 
one of the seven registers; 
and the general 
read, 
write, 


and 
chip 
select 
logic. 
Externally, 
the 
82064 expects 
a 
butTer equal in size to a sector on the disk, and tri-state 
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transceivers between the sector butTer and the micro- 
processors data bus in order to isolate itself from the 
microprocessor during disk data transfers. 


These three address lines are active high signals and 
select one of the seven register locations in the 82064. 
They are not latched internally. If the three addresses 
are equal to 0 and the 82064 is selected, the data bus is 
kept tri-stated to ease interfacing to a sector butTer.The 
82064's data bus is controlled by both the microproces- 
sor and the 82064. The microprocessor has control for 
loading the registers and command. During disk reads 
or writes, control switches to the 82064 so that it may 
access the local sector butTer when transferring data 
between the disk and the butTer. 


RD, WR, CS 


The chip select (CS) is ty~lly 
decoded from the high- 
er order address lines. CS only permits data to be 
placed into, or read from, the 82064's task registers. 


Once a disk operation starts, CS no longer effTectsthe 
82064. RD and WR are bidirectional lines and are used 
to read or write the 82064's re~ers 
by the host micro- 
processor and are valid only if CS is present. The 82064 
will drive RD and WR when transferring data between 
the sector butTer and the disk. A signal is provided to 
tri-state the RD and WR lines from the host during a 
butTeraccess. This is covered in the Sector ButTerCon- 
trol Section. 


An interrupt is issued at the end of all commands, and 
the interrupt is cleared by reading any register. For the 
Read Sector command only, the 82064 allows the user 
the option of an interrupt either at the termination of 
the command, as is the case with all other commands, 
or when data needs to be transferred to the host from 
the sector butTer.This is discussed further in the Inter- 
rupt Mode Section. When selecting the data transfer 
option, the interrupt line will go active at the same time 
as the BDRQ line and the interrupt will be removed 
only when the proper handshake occurs with the sector 
butTer. 


inter 


The Task Register File contains the command, status, 
track number, sector number, and other information 
necessary to properly execute a command. These regis- 
ters are accessed with AO-A2, RD (or WR), and CS 
being valid and are not cleared by a reset. The registers 
are covered in detail in the Task Register File Section. 


The 82064 was designed to operate with an external 
buffer equal in size to one sector. To ease the design-in 
of this buffer, the 82064 provides all of the control sig- 
nals it needs to operate the buffer. This buffer must be 
isolated from the system bus, using tri-state buffers, 
during disk transfers to prevent contention during the 
period that the 82064 is accessing the buffer. A sector 
buffer is generally used to ease interfacing to the system 
due to the high disk data rates (625 kbytes/sec), al- 
though it is not required. 


The Buffer Chip Select (BCS) line goes active whenever 
the 82064 is accessing the sector buffer. This signal 
should remove the microprocessors ability to access the 
82064 and sector buffer and must enable the sector 
buffer for use by the 82064. 


At a 5 Mbitisec disk data rate, the 82064 will access 
the buffer every 1.6 microseconds (8 bits X 200 nslbit). 
BCS will remain low the entire time the 82064 is access- 
ing the buffer. The 82064 will pulse the appropriate RD 
or WR line for each byte transferred. 


Buffer Counter Reset (BCR) goes active each time that 
BCS changes state. Its purpose is to reset the address 
counter of the sector buffer back to zero before and 
after the 82064 uses the sector buffer. Its function is 
optimized for single sector transfers. Multiple sector 
transfers should use a software controlled buffer coun- 
ter reset and not use BCR as the sector buffer will be 
reset to the beginning after each sector is transferred. 


Buffer 
Data 
Request 
(BDRQ) 
and 
Buffer 
Ready 
(BRDY) provide the handshake needed to transfer data 
between the sector buffer and the host. BDRQ signals 
that data must be moved to/from the sector buffer and 
the host. BRDY has two functions. Once the transfer 
signaled by BDRQ is finished, asserting BRDY will 
inform the 82064 that the transfer is completed and 
that it may finish executing the command. BRDY is 
also used in multiple sector commands. BRDY going 


high during a multiple sector transfer indicates that the 
buffer is full (or empty-depending 
upon the com- 
mand) and the transfer should wait until the buffer is 
serviced. The sector that was being transferred will fin- 
ish and the 82064 will deactivate BCS and activate 
BDRQ. The host microprocessor must then transfer 
the data between the buffer and system memory. When 
this transfer is finished, asserting BRDY will cause the 
82064 to resume the command. 


The handshaking between BDRQ and BRDY occurs 
only in full sector increments-not 
on a byte basis. A 
high on BDRQ indicates a full sector's worth of data is 
required; BRDY going high indicates a full sector of 
data is available to the 82064 without interruption. 


Only the rising edge of BRDY is valid. A falling edge 
may occur at any time without effect. BCR will pulse 
and BCS will.go active eight byte times (8 bytes X 8 
bitslbyte 
X 200 nslbit 
= 12.8 microseconds) before 
the first data byte is transferred from the sector buffer 
to the disk. 


This section of the 82064 is responsible for conversion 
of serial disk data to parallel data (and vice versa); en- 
coding/decoding of the disk's MFM serial bit stream; 
and detecting the address mark. 


Since the 82064 isolates itself from the host during sev- 
eral commands, the host cannot read the status register 
during some periods to determine what course should 
be taken. In Figure 10, trying to read the status register 
when BCS is active will return indeterminate data. To 
prevent the microprocessor from reading this indeter- 
minate data, a hardware 
generated 
"~" 
pattern 
should be driven onto the data bus if BCS is active. 
This is shown in Figure II. The status register contains 
a data request (DRQ) bit whose timing is equal to the 
BDRQ output signal, thus making a polled operation 
possible. DRQ will stay set in the status register until a 
BRDY is generated. 
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One design issue with the polled interface occurs when 
the microprocessor is polling the status and the 82064 
deactivates BCS. The microprocessor would normally 
read the hardware busy pattern. If BCS is deasserted, 
the hardware pattern is disabled and the microproces- 
sor will start to read the real status register. The read 
cycle may almost be finished, and the read access peri- 
od of the 82064 will not be satisfied. The data returned 
to the microprocessor will be invalid. 


There are cases where the designer does not want to tie 
up the microprocessor with polling. The typical 82064 
design will need two interrupts per command. One for a 
data transfer and one for the completion of the com- 
mand. The 82064 has an output to issue an interrupt 
when the command has finished. However for data 
transfers an interrupt 
must be generated from the 
BDRQ line as shown in Figure 12 (whether a DMA 
controller is used or not). When a data transfer is need- 
ed, the 82064 will activate the BDRQ line. The micro- 
processor will be interrupted' and do the data transfer 
function. BDRQ will stay active until BRDY is gener- 
ated, so the system must either use edge triggered inter- 
rupts or must not write the end-of-interrupt byte until 
BDRQ ~sremoved (this is true of Intel's 8259A). 


The MFM encoding section will receive 8 bit parallel 
data when a valid command has been recognized and 
BRDY has gone high. The parallel data is first serial- 
ized and converted to an intermediate, NRZ encoded, 
data stream. The serial NRZ data is sent to the MFM 
encoding section and then transferred to the disk. De- 
coding of the MFM bit stream (during disk reads) hap- 
pens in reverse order. 


The control logic operates off the write clock (WR 
CLOCK) running at a frequency of the desired tranfer 
rate. The MFM decoding portion operates off of the 
read clock (RD CLOCK) input, which is supplied by 
an external phase lock loop. The two clocks need not be 
synchronized to each other. Data is written (and hence 
read) with the most significant bit first. 


The address mark is a unique 2 byte code written at the 
beginning of each ID field and data field. This address 
mark serves two purposes. It tells the controller what 
type of data is about to be received so that internal 
computations can be performed, and to ensure that ID 
fields are not sent to the host. The second purpose is to 
align the serial data back to the original 8 bit bounda- 
ries that existed when data was written (there are no 
byte boundaries on a disk). 


An address mark is always preceded by the all zeros 
synchronization field. The 82064 starts comparing the 
incoming data stream when the synchronization field 
ends. A high speed comparator is used since the 82064 
does not yet know where the proper byte boundaries 
are. When a proper comparison of the address mark is 
made the controller starts assembling bytes, starting 
with the second byte of the address mark. 


The first byte of the address mark is an "AI" Hex, but 
purposely violates the MFM encoding rules by remov- 
ing a clock pulse. In Figure 5, the first example is of a 
normal MFM encoded AIR. The second example is of 
the address mark and shows the missing clock pulse. 
The non-MFM compatible Al is to prevent the host 
from issuing a similar data byte and possibly confusing 
detection logic. 


The second byte specifies either an ID or data field and 
is encoded according to normal MFM rules. It is either 
an "F8" Hex for a data field, or "FC" through "FF" 
for an ID field. The different values correspond to a 
range of cylinders on the drive in increments of 256 
tracks. The 82064 makes no use of this information, but 
writes it for compatibility with the ST506 specification 
during formatting. 


The PLA Controller interprets command sent by the 
microprocessor. Its operation is synchronized to the 
WR CLOCK 
input. The PLA controller 
is started 
when a command is written into the command register. 
It generates control signals and operates in a handshake 
mode when communicating with the MFM decoding 
block. 
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A 10bit magnitude comparator is used to calculate the 
direction and number of step pulses needed to move the 
head from the present cylinder position to the desired 
position. A separate high speed equivalencecomparator 
is used to compare ID field bytes when searching for a 
sector ID field. 


The 82064 provides two options for protecting the in- 
tegrity of the data field. The data field may have either 
a CRC (SDH register, bit 7 = 0), or a 32-bit ECC 
(SDH register, bit 7 = I) appended to it. The ID field 
is always protected by a CRC. 


The CRC generator computes and checks the cyclic 
redundancy check bytes that are appended to the ID 
and data fields. CRC generationlchecking is always 
done on ID fields. Data fields have a choice between 
82064CRC, internal ECC or externally supplied ECC. 
The CRC mode is chosen by setting bit 7 of the SDH 
register low. The CRC mode provides a means of veri- 
fying the accuracy of the data read from the disk, but 
does not attempt to correct it. The CRC generator com- 
putes and checks cyclic redundancy check characters 
that are written and read from the disk after the ID and 
data fields. 


The generator polynomial for the CRC-CCITT (CRC- 
16) code is: 


x16 + x12 + x5 + 1 = (x + 1) (x15 + x14 + x13 + 


x12 + x4 + x3 + x2 + x + 1) 


The code's capability is as follows: 
a) Detects all occurrences of an odd number of bits in 
error. 
b) Detects all single, double, and triple bit errors if the 
record length (including check bits) is less than 
32,767 bits. 
c) Detects all single-burst errors of sixteen bits or less. 
d) Detects 99.99695% of all possible 17 bit burst er- 
rors, and 99.99847% of all possible longer burst, as- 
suming all errors are possible and equally probable. 


The CRC code has some double-burst capability when 
used with short records (sectors). For a 256 byte sector 
the code will detect double-bursts as long as the total 
number of bits in error does not exceed 7. 


If the CRC character generated while reading the data 
does not equal the one previously written, an error ex- 
ists. If an ID field CRC error occurs the "ID not 
found" bit in the error register will be set. If a data field 
CRC error occurs the "ECC/CRC" 
bit in the error 
register will be set. 


The ECC mode is only applicable to the data field. It 
provides the user with the ability to detect and correct 
errors in the data field automatically. The commands 
and registers which must be considered when ECC is 
used are: 
I. SDH Register, bit 7 (CRC/ECC) 
2. READ SECTOR Command, bit 0 (T) 
3. READ 
SECTOR and WRITE 
SECTOR Com- 
mands, bit I (L) 
4. COMPUTE CORRECTION Command 
5. SET PARAMETER Command 
6. STATUS Register, bit 2--error correction successful 
7. STATUS Register, bit O--error occurred 
8. ERROR Register, bit 6-uncorrectable 
error 


To enable the ECC mode, bit 7 of the SDH register 
must be set to one. 


Bit 0 (T) of the READ Command controls whether or 5 
not error correction is attempted. When T = 0 and an 
error is detected, the 82064 tries up to 10 times to cor- 
rect the error. If the error is successfullycorrected, bit 
2 of the STATUS Register is set. The host can interro- 
gate the status register and detect that 
an error 
occurred and was corrected. If the error was not cor- 
rectable, bit 6 of the ERROR Register is set. If the 
correction span was set to 5 bits, the host may now 
execute the SET PARAMETER Command to change 
the correction span to II bits, and attempt the read 
again. If the error persists, the host can read the data, 
but it will contain errors. 


When T = I and an error is detected, no attempt is 
made to correct it. Bit 0 of the STATUS Register and 
bit 6 of the ERROR Register are set. The user now has 
two choices: 
I. Ignore the error and make no attempt to correct it. 
2. Use the COMPUTER CORRECTION Command 
to determine the location and pattern of the error, 
and correct it within the user's program. 


When the COMPUTE CORRECTION Command is 
implemented, it must be done before executing any 
command which can alter the contents of the ECC 
Register. The READ SECTOR, WRITE SECTOR, 
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SCAN ID, and FORMAT Commands will alter this 
register and correction will be impossible. The COM- 
PUTE CORRECTION 
Command may determine that 
the error is uncorrectable, at which point the error bits 
in the STATUS and ERROR Registers are set. 


Although ECC generation starts with the first bit of the 
F8H byte in the data ID field, the actual ECC bytes 
written will be the same as if the AIH byte was includ- 
ed. The ECC polynomial used is: 


For auto~atic 
error correction, 
the external sector 
butTer must be implemented with a static RAM and 
counter, not with a FIFO. 


READ WlTA 


READ CLOCK 


DRUN 


AEAO GATE 


WlTA 
RATE 
osc 


TRACK 000 


DRDY 


WR M1JLT 


D1R 


WRGATE 


STEP 


The SET PARAMETER 
Command is used to select a 
5-bit or II-bit correction span. 


The drive interface of the 82064 contains the logic that 
makes possible the storage and reliable recovery of 
data. This interface consists of the drive and head select 
logic, the disk control signals, and read and write data 
logic as shown in Figure 6. This section describes the 
external circuitry which is required to complete the 
82064's drive interface. 
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Figure 7. Write Precompensation 
Logic 


cable. The purpose of each pin can be found in the 
section on Pin Descriptions and their use in the Com- 
mand Section. 
The 82064 has no outputs for selecting the head or 
drive. Therefore these signals must be generated by the 
user as shown in Figure 6. Data bits 0-4 
should be 
latched whenever the SDH register is written. Bits 0-2 
would then be driven onto the dri.ve cable with open 
collector buffers. Bits 3 and 4 would be decoded after 
being latched, then buffered for the cable. The head 
information written to the 82064's SDH register is used 
to write the proper ID fields during formatting. Chang- 
ing the drive bits in the SDH register will cause a Scan 
ID to be performed by the 82064 to update non user 
accessible registers. 


Drive Control 


The drive control (STEP, DIR, WR FAULT, TRACK 
000, INDEX, SC, RWC, and WR GATE) signals are 
merely conditioned 
for transmission over the drive 


MfM 
DISK 
DATA 


250 
NSEC 
RETRIGGERABLE 
ONE-SHOT 


Figure 7 is a diagram of the interface required on the 
write data line. The final stage of the MFM encoding 
requires applying the WR DATA to an external flip- 
flop clocked at 10 MHz. The 82064 monitors the serial 
write data output for particular bit patterns that require 
precompensation to prevent bit shifting. EARLY and 
5 


LATE are active on all cylinders and will normally re- 
quire that RWC be factored into them to activate the 
data precompensation on the proper cylinder. 


A delay line is required to generate the delayed data for 
precompensation since the actual delay varies between 
drive manufacturers. EARLY and LATE go active in 
the same clock period that generates the data bit to be 
shifted. 


fiLTER 
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Figure 8. Data Separator 
Circuit 
5-43 


The read data interface is shown in Figure 8, and con- 
sists of the data run (DRUN) signal and a phase lock 
loop to generate the RD CLOCK input to decode the 
serial data. DRUN is generated from a retriggerable 
one-shot with a period just exceeding one bit cell. A 
sync field consisting of a string of clock pulses will con- 
tinually retrigger the one-shot producing a steady high 
level on DRUN. The 82064 counts off 16 clock pulses 
internally, and if DRUN is still active, will make RD 
GATE active. Any byte other than an address mark 
will deactivate RD GATE and the sequence starts over. 


The phase lock loop generates RD CLOCK which is 
used to decode the incoming serial data. Until RD 
GATE is activated by the 82064, the phase lock loop 
(PLL) should be locked onto a local 10 MHz clock to 
minimize PLL lock-up times. When RD GATE is acti- 
vated, the PLL starts locking onto the incoming data 
stream, which should consist of the all zeros sync field. 
Once the PLL locks onto this synch field, the 82064 
will start examining the serial data for a non-zero byte. 
A non-zero byte will be indicated by DRUN dropping 
since the address mark follows the sync field and is an 
"AI" Hex. This sequence is shown in Figure 9. If the 
address mark is detected, and if it was preceded by at 
least 9 bytes of zeros, RD GATE will stay active. The 
82064 will then assemble bytes of data, and ensure the 
proper ID field is found. If a non-zero or non-address 
mark byte was detected, RD GATE will go inactive for 
a minimum of 2 byte times. If a data field or the wrong 
ID field is detected, or the ID field was not preceded by 
8 bytes of zeros, then RD GATE goes inactive and the 
sequence starts over with the 82064 examining the 
DRUN input. 


This section shows the general 82064 interfaces to a 
microprocessor system. There are essentially four inter- 
faces which consist of a combination of polled, DMA, 
and interrupts. While the 82064 was designed to inter- 
face directly to one type, it accommodates all with mi- 
nor additional logic. 


The 82064 is designed to use a DMA controller for data 
transfer between its sector buffer and the host system, 
and to interrupt the host when the command has fin- 
ished. This interface is shown in Figure 10. 


When the 82064 determines that a transfer is needed 
between the sector buffer and the host (either at the 
beginning of a command or through BRDY going ac- 
tive in a multiple sector transfer), it will assert BDRQ. 
BDRQ will initiate a DMA transfer via the DMA re- 


quest input. The DMA controller will generate reads or 
writes which will increment an address counter. BRDY 
indicates that the data transfer has finished and is is- 
sued off the carry-out line (or high order address line) 
of the counter. The 82064 will assert BDRQ at this 
point and activate BCS to prevent the host from intefer- 
ing with disklbuffer transfers. There can be no polling 
for a data transfer or a register read without an inter- 
rupt in this scheme. 
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Pin No. 
Symbol 
Type 
Name and Function 
DIP 
PLCC 


BCS 
1 
1 
0 
BUFFER CHIP SELECT: Output used to enable reading or writing 
of the external sector buffer by the 82064. Whe~w, 
the host 
should not be able to drive the 82064 data bus, RD, or WR lines. 


BCR 
2 
2 
0 
BUFFER COUNTER 
RESET: Output that is asserted 
by the 82064 
prior to read/write 
operation. 
This pin is asserted 
whenever 
BCS 
changes 
state. Used to reset the address counter 
of the buffer 
memory. 


INTRQ 
3 
3 
0 
INTERRUPT 
REQUEST: 
Interrupt 
generated 
by the 82064 upon 
command 
termination. 
It is reset when the STATUS register is 
read, or a new command 
is written to the COMMAND 
register. 


Optionally 
signifies when a data transfer 
is required on Read 
Sector commands. 


SDHLE 
4 
4 
0 
SDHLE is asserted 
when the SDH register is written 
by the host. 


RESET 
5 
7 
I 
RESET: Initializes the controller 
and clears all status flags. Does 
not clear the Task Register 
File. 


RD 
6 
8 
I/O 
READ: Tri-state, 
bi-directional 
signal. As an input, RD controls 
the 
transfer 
of information 
from the 82064 registers 
to the host. RD is 
an output when the 82064 is reading data from the sector buffer 
(BCSlow). 


WR 
7 
9 
I/O 
WRITE: Tri-state, 
bi-directional 
signal. As an input, WR controls 
the transfer 
of command 
or task information 
into the 82064 
registers. 
WR is an output when the 82064 is writing data to the 
sector buffer (BCS low). 


CS 
8 
10 
I 
CHIP SELECT: Enables 
RD and WR as inputs for access to the 
Task Registers. 
It has no effect once a disk command 
starts. 


Aa-A2 
9-11 
11-13 
I 
ADDRESS: 
Used to select a register from the task register file. 


DBa-DB] 
12-19 
14-16 
I/O 
DATA BUS: Tri-state, 
bi-directionaI8-bit 
Data Bus with control 
18-22 
determined 
by BCS. When BCS is high the microprocessor 
has full 
control of the data bus for reading and writing the Task Register 
File. When BCS is low the 82064 controls 
the data bus to transfer 
data to or from the buffer. 


Vss 
20 
23 
Grou·nd 


WRDATA 
21 
24 
0 
WRITE 
DATA: Output that shifts out MFM data at a rate 
determined 
by Write Clock. Requires an external 
D flip-flop 
clocked 
at 10 MHz. The output has an active pullup and pulldown 
that can sink 4.8 mA. 


LATE 
22 
25 
0 
LATE: Output used to derive a delay value for write 
precompensation. 
Valid when WR GATE is high. Active on all 
cylinders. 


EARLY 
23 
26 
0 
EARLY: Output used to derive a delay value for write 
precompensation. 
Valid when WR GATE is high. Active on all 
cylinders. 


WRGATE 
24 
27 
0 
WRITE GATE: High when write data is valid. WR GATE goes low if 
the WR FAULT input is active. This output is used by the drive to 
enable head write current. 


WRCLOCK 
25 
29 
I 
WRITE CLOCK: Clock input used to derive the write data rate. 
Frequency 
= 5 MHz for the ST506 interface. 
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Pin No. 
Symbol 
Type 
Name and Function 
DIP 
PLCC 


DIR 
26 
30 
0 
DIRECTION: 
High level on this output tells the drive to move the 
head inward (increasing 
cylinder 
number). The state of this signal 
is determined 
by the 82064's 
internal comparison 
of actual 
cylinder 
location 
vs. desired cylinder. 


STEP 
27 
31 
0 
STEP: This signal is used to move the drive head to another 
cylinder at a programmable 
frequency. 
Pulse width = 1.6 JLs for a 
step rate of 3.2 JLs/step, and 8.4 JLs for all other step rates. 


DRDY 
28 
32 
I 
DRIVE READY: If DRDY from the drive goes low, the command 
will be terminated. 


INDEX 
29 
33 
I 
INDEX: Signal from the drive indicating 
the beginning 
of a track. It 
is used by the 82064 during formatting, 
and for counting 
retries. 


Index is edge triggered. 
Only the rising edge is valid. 


WR FAULT 
30 
34 
I 
WRITE 
FAULT: An error input to the 82064 which indicates 
a fault 
condition 
at the drive. If WR FAULT from the drive goes high, the 
command 
will be terminated. 


TRACK 000 
31 
35 
I 
TRACK ZERO: Signal from the drive which indicates 
that the head 
is at the outermost 
cylinder. 
Used to verify proper completion 
of a 
RESTORE 
command. 


SC 
32 
36 
I 
SEEK COMPLETE: 
Signal from the drive indicating 
to the 82064 
that the drive head has settled and that reads or writes can be 
made. SC is edge triggered. 
Only the rising edge is valid. 


RWC 
33 
37 
0 
REDUCED 
WRITE CURRENT: 
Signal goes high for all cylinder 
numbers 
above the value programmed 
in the Write Precomp 
Cylinder register. 
It is used by the precompensation 
logic and by 
the drive to reduce the effects 
of bit shifting. 


DRUN 
34 
38 
I 
DATA RUN: This signal informs the 82064 when a field of all ones 
or all zeroes has been detected 
in the read data stream by an 
external one-shot. 
This indicates 
the beginning 
of an ID field. RD 
GATE is brought high when DRUN is sampled 
high for 16 clock 
periods. 


BRDY 
35 
39 
I 
BUFFER READY: Input used to signal the controller 
that the buffer 
is ready for reading (full), or writing (empty), by the host JLP.Only 
the rising edge indicates 
the condition. 


BDRQ 
36 
40 
0 
BUFFER DATA REQUEST: 
Activated 
during Read or Write 
commands 
when a data transfer 
between 
the host and the 
82064's 
sector buffer is required. Typically 
used as a DMA request 
line. 


RD DATA 
37 
41 
I 
READ DATA: Single ended input that accepts 
MFM data from the 
drive. 


RDGATE 
38 
42 
0 
READ GATE: Output that is asserted 
when a search for an 
address mark is initiated. 
It remains asserted 
until the end of the ID 
or data field. 


RDCLOCK 
39 
43 
I 
READ CLOCK: Clock input derived from the external 
data 
recovery 
circuits. 


Vcc 
40 
44 
I 
D.C. POWER: + 5V. 


NC 
- 
5,6, 
NO CONNECTS 
17,28 
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The 
Task 
Register 
File is a bank 
of registers 
used 
to 
hold 
parameter 
information 
pertaining 
to each 
com- 
mand. 
These 
registers 
and their 
addresses 
are: 


A2 A1 AO 
READ 
WRITE 


0 
0 
0 
(Bus Tri-Stated) 
(Bus Tri-Stated) 
0 
0 
1 
Error Flags 
Reduce Write Current 
0 
1 
0 
Sector Count 
Sector Count 
0 
1 
1 
Sector Number 
Sector Number 
1 
0 
0 
Cylinder 
Low 
Cylinder 
Low 
1 
0 
1 
Cylinder High 
Cylinder High 
1 
1 
0 
SDH 
SDH 
1 
1 
1 
Status Register 
Command 
Register 


NOTE: 
Registers 
are not cleared 
by RESET 


This read-only 
register 
contains 
specific error status 
af- 
ter the 
completion 
of a command. 
If any bit in this 
register 
is set, then the Error 
bit in the Status 
Register 
will also be set. The bits are defined 
as follows: 


This bit is set when 
an ID field has been encountered 
that contains 
a bad block mark. 
The bad block bit is set 
only 
during 
formatting. 
The 
82064 
will 
terminate 
a 
command 
if an attempt 
is made 
to read 
a sector 
that 
contains 
this bit. 


When in the CRC mode (SDH 
register, 
bit 7 = 0), this 
bit is set when 
a CRC 
error 
occurs 
in the data 
field. 
When 
retries 
are enabled, 
ten more attempts 
are made 
to read 
the sector 
correctly. 
If none of these attempts 
are successful 
bit 0 in the STATUS 
register 
is also set. 


If one of the attempts 
is successful, 
the CRC/ECC 
er- 
ror bit remains 
set to inform 
the host 
that 
a marginal 
condition 
exists; however, 
bit 0 in the STATUS 
register 
is not set. 


When 
in the ECC mode (SDH 
register, 
bit 7 = I), this 
bit is set when the first non-zero 
syndrome 
is detected. 
When 
retries 
are enabled, 
up to ten attempts 
are made 
to correct 
the error. 
If the error 
is successfully 
correct- 
ed, this bit'remains 
set; however, 
bit 2 of the STATUS 
register 
is also set to inform 
the host that the error 
has 
been 
corrected. 
If 
the 
error 
is not 
correctable, 
the 
CRC/ECC 
error 
bit 
remains 
set 
and 
bit 
0 
of 
the 
STATUS 
register 
is also set. 


NOTE: 
If 
the 
long 
mode 
(L) 
bit 
is set 
in 
the 
READ 
or 
WRITE 
command, 
no error 
checking 
is performed. 


This bit is set to indicate 
that the correct 
cylinder, 
head,' 


sector, 
or size parameter 
could 
not be found, 
or that 
a 
CRC error occurred 
in the ID field. Ths bit is set on the 
first failure 
and remains 
set even if the error 
is recov- 
ered on a retry. 
When 
recovery 
is unsuccessful, 
the Er- 
ror bit (bit 0) of the STATUS 
register 
is also set. 


For a SCAN 
ID command 
with retries 
enabled 
(T 
0), the Error 
bit in the STATUS 
register 
is set after ten 
unsuccessful 
attempts 
have been made 
to fmd the cor- 
rect 
ID. 
With 
retries 
disabled 
(T = 
I), only 
two at- 
tempts 
are made before setting 
the Error 
bit. 


For a READ 
or WRITE 
command 
with retries enabled 
(T = 0), ten attempts 
are made 
to find the correct 
ID 
field. If there 
is still an error 
on the tenth 
try, an auto- 
scan and auto-seek 
are performed. 
Then 
ten more 
re- 
tries are made before setting the Error 
bit. When 
retries 
are disabled 
(T = I), only two tries are made. No auto- 
scan or auto-seek 
operations 
are performed. 


This bit is set if a command 
was issued 
or in progress 
while DRDY 
(Pin 28) was deasserted 
or WR FAULT 
(pin 
30) was asserted. 
The Aborted 
Command 
bit will 
also be set if an undefined 
command 
is written 
into the 
COMMAND 
register, 
but an implied 
seek will be exe- 
cuted. 


This 
bit is set only 
by the 
RESTORE 
command. 
It 
indicates 
that TRACK 
000 (pin 31) has not gone active 
after the issuance 
of 2048 stepping 
pulses. 


This bit is set during 
a READ 
SECTOR 
command 
if 
the Data 
Address 
Mark 
is not found 
after 
the proper 
Sector 
ID is read. 


This register is used to define the cylinder number 
where RWC (Pin 33) is asserted: 


6 
5 
4 
3 
2 
1 


CYLINDER 
NUMBER I 4 


The value (0-255) written into this register is internally 
multiplied by 4 to specify the actual cylinder where 
RWC is asserted. Thus a value of01H will cause RWC 
to activate on cylinder 4, 02H on cylinder 8 and so on. 
RWC will be asserted when the present cylinder is 
greater than or equal to the cylinder indicated by this 
register. For example, one ST506 compatible drive re- 
quires precompensation 
on cylinder 
128 (80H) and 
above. Therefore the REDUCE 
WRITE CURRENT 
register should be loaded with 32 (20H). A value of 
FFH will keep the RWC output inflctive regardless of 
the actual cylinder number. 


This register is used to define the number of sectors 
that need to be transferred 
to the buffer during a 
READ 
MULTIPLE 
SECTOR or WRITE 
MULTI- 
PLE SECTOR command. 


5 
4 
3 
2 


# OF SECTORS 


The value contained in the register is decremented after 
each sector is transferred to/from the sector buffer. A 
zero represents a 256 sector transfer, a one a I sector 
transfer, etc. This register is ignored when single sector 
commands are specified in the Command register. 


This register holds the sector number of the desired 
sector: 


6 
5 
4 
3 
2 


SECTOR 
NUMBER 


For a multiple sector command it specifies the first sec- 
tor to be transferred. It is decremented after each sector 
is transferred to/from the sector buffer. The SECTOR 
NUMBER register may contain any value from 0 to 
255. The ID Not Found bit will be set if the desired 
sector cannot be located on the track. 


The SECTOR NUMBER register is also used to pro- 
gram the Gap I and Gap 3 lengths to be used when 
formatting a disk. See the WRITE FORMAT 
com- 
mand description for further explanation. 


This register holds the lower byte of the desired cylin- 
der number: 


7 
6 
5 
4 
3 
2 
1 
0 


LS BYTE OF CYLINDER 
NUMBER 


It is used in conjunction with the CYLINDER 
NUM- 
BER HIGH 
register to specify a range of 0 to 2048 
tracks. 


This register holds the three most significant bits of the 
desired cylinder number: 


765432 
0 
I x 
x 
x 
x 
x 
(10) 
(9) 
(8) 


x = ignored 


The 82064 contains a pair of registers that store the 
actual position where the R/W head are located. The 
CYLINDER NUMBER HIGH and LOW registers are 
considered the cylinder destination registers for seeks 
and other commands. The 82064 compares its internal 
registers to the destination registers and issues the num- 
ber of steps in the right direction to make both sets of 
registers equal. After a command is executed, the inter- 
• 
nal cylinder position registers' contents are equal to the 
cylinder high/low registers. If a drive number change is 
detected on a new command, the 82064 automatically 


. reads an ID field to update its internal cylinder position 
registers. This affects all commands 
except a RE- 
STORE. 


When a RESTORE command is executed, the internal 
head location registers are reset to zero while DIR and 
STEP move the heads to track zero. 


The SDH register contains the desired sector size, drive 
number, and head number parameters. The format is 
shown below. 


7 
6 
5 
EJ 
XT 
__SE_C_T 
__ 
D_R_IV_E_ 
SIZE 
----- 


Both head number and sector size are compared against 
the disk's ID field. Head select and drive select lines are 
not available as outputs from the 82064 and must be 
generated externally. 


inter 


Bit 7, the extension bit (EXT), is used to select between 
the CRC or ECC mode. When bit 7 = I, the ECC 
mode is selected for the data field. When bit 7 = 0, the 
CRC mode is selected. The CRC is checked on the ID 
field regardless of the state of EXT. The SDH byte 
written into the ID field is different than the SDH Reg- 
ister contents. The recorded SDH byte does not have 
the drive number (DRIVE) written but does have the 
BAD BLOCK mark written. 


Note that use of the extension bit requires the gap 
lengths to be modified as described in the WRITE 
FORMAT command description. 


The status register is a read-only register which informs 
the host of certain events. This register is a flow- 
through 
latch until the microprocessor 
reads it at 
which point the drive status lines are latched. The 
INTRQ line will be reset when this register is read. The 
format is: 


7 
654321 
0 


~READY~ERRORI 


This bit is asserted when a command is written into the 
COMMAND register and, except for the READ com- 
mand, is deasserted at the end of the command. When 
executing a READ command, Busy wiIl be deasserted 
when the sector buffer is full. Commands should not be 
loaded into the COMMAND register when Busy is set. 
When the Busy bit is set, no other bits in the STATUS 
or ERROR registers are valid. 


During 
other 
non-data 
transfer 
commands, 
Busy 
should be ignored as it will go active for short periods. 


This bit reflects the state of the DRDY (Pin 28) line at 
the time the microprocessor reads the status register. 
Transitions on the DRDY line wiIl abort a command 
and set the aborted command bit in the error register. 


This bit reflects the state of the WR FAULT (Pin 30) 
line. Transitions on this line will abort a command and 
set the aborted command bit in the error register. 


This bit reflects the state of the SC (Pin 32) line. Com- 
mands which initiate a seek will pause until Seek Com- 
plete is set. This bit is latched after an aborted com- 
mand error. 


The Data request bit (DRQ) reflects the state of the 
BDRQ (Pin 36) line. It is set when the sector buffer 
should be loaded with data or read by the host proces- 
sor, depending upon the command. The DRQ bit and 
the BDRQ line remain high until BRDY indicates that 
the sector buffer has been filled or emptied, depending 
upon the command. BRDQ can be used for DMA. 


When set, this bit indicates that an ECC error has been 
detected during a read operation, and that the data in 
the sector buffer has been corrected. This provides the 
user with an indication that there may be a marginal 
condition within the drive before the errors become un- 
correctable. This bit is forced to zero when not in the 
ECC mode. 


When this bit is set, a command is being executed and a 
new command should not be loaded until it is cleared. 
Although a command may be executing, the sector 
buffer is still available for access by the host processor. 
When the 82064 is no longer busy (bit 7 = 0) the status 
register can be read. If CIP is set, only the status regis- 
ter can be read regardless of which register is selected. 


This bit is a logical OR of the contents of the error 
register. Any bit being set in the error register sets this 
bit. The host must read the ERROR register to deter- 
mine what type of error occurred. This bit is cleared 
when a new command is loaded. 


This write-only register is loaded with the desired com- 
mand: 


5 
4 
3 
2 


COMMAND 


The 82064 begins to execute immediately upon loading 
any value into this register. This register should not be 
written while the Busy or Command in Progress bits 
are set in the STATUS register. The INTRQ line (Pin 
3) if set, wiIl be cleared by a write to the COMMAND 
register. 


The 82064 WDC instruction 
set contains six com- 
mands. Prior to loading the command register, the host 
processor must first set up the Task Register File with 
the information needed for the command. Except for 


inter 


the COMMAND register, the registers may be loaded 
in any order. If a command is in progress, a subsequent 
write to the COMMAND 
register will be ignored. A 
command is finished when the command in progress 
(CIP) bit in the STATUS register is cleared. See the 
Command 
Section for an explanation of each com- 
mand. 


COMMAND· 
76543 
2 
1 


RESTORE 
o 0 0 1 R3 R2 R1 RO 
SEEK 
o 1 1 1 R3 R2 R1 RO 
READ SECTOR 
001 
0 
I 
M 
0 
T 
WRITE SECTOR 
o 0 1 1 
0 
M 
0 
T 
SCANID 
01000 
0 
0 
T 
WRITE FORMAT 
o 1 0 1 
0 
0 
0 
0 
COMPUTE CORRECTION 0 0 0 0 
1 
0 
0 
0 
SET PARAMETER 
0000 
0 
0 
0 
S 


R 3-0 
= Rate Field 


For 5 MHz WR Clock: 


0000- 
~35 fJ-s 
0001-0.5 
ms 
0010-1.0 
ms 
0011 -1.5 
ms 
0100-2.0 
ms 
0101-2.5 
ms 
0110-3.0 
ms 
0111 -3.5 
ms 
1000-4.0 
ms 
1001-4.5 
ms 
1010-5.0 
ms 
1011 - 
5.5 ms 
1100-6.0 
ms 
1101 -6.5 
ms 
1110-3.2 
fJ-s 
1111-16fJ-s 


COMMAND 
7 
6 
5 
4 
3 
2 
1 


T = 
Retry Enable 


T = 0 
Enable Retries 
T = 1 
Disable Retries 


M= 
Multiple Sector Flag 


M=O 
Transfer 1 Sector 
M = 1 
Transfer Multiple Sectors 


I 
= 
Interrupt Enable 
., 


I 
=0 
Interrupt at BDRQ time 
I 
= 1 
Interrupt at end of command 


S = 
Error Correction Span 


S = 0 
5-bit Span 
S = 1 
11-bit Span 


This section consists of two parts. The first part gives 
an explanation of each command, a flowchart showing 
the 82064's sequence of events, and the commands' se- 
quence of events as seen by the host microprocessor. 
The second section shows flowcharts of general soft- 
ware routines and their PLM equivalent, for both 
polled and interrupt driven software. 


The designer must remember that the 82064 expects a 
full sector buffer that can be isolated from the host 
during data transfers between the 82064 and the disk. 
Since the 82064 assumes a full sector buffer is available, 
it does not check for data overrun or underrun error 
conditions. If such a condition occurs, corruption of 
data will happen and the host will have no indication of 
an error. The design must guarantee against over-run 
and under-run conditions when not using the sector 
buffer approach. 


A command is placed into the command register only 
after the Task Registers have been written with proper 
values. The Task Registers may be loaded in any order. 
A command, once started, can only be terminated by a 
hardware reset to the 82064. This may corrupt data on 
the disk by removing necessary control signals out of 
sequence. 


The general sequence of a command is as follows: 
- 
The host loads the Task Registers 
- 
The host loads the Command Register 
The 82064 locates the correct cylinder 
Data transfer takes place 
The 82064 issues an interrupt 


Restore Command 
- 
o 0 0 1 R3 R2 R1 RO 


The Restore command is used to position the heads to 
track o. This command is usually issued to the 82064 
on power-up to initialize internal registers. The user 
specified rate field (R3-RO) is stored internally for FU- 
TURE use in commands with implied seeks. 


The step rate value is not used with this command. The 
actual stepping rate used is dependent upon the hand- 
shake delay between the 82064 issuing a step pulse and 
the drive returning a seek complete for each track. Af- 
ter each step pulse is issued, the 82064 waits for a rising 
edge on the Seek Complete (SC) line before issuing the 
next pulse. If 8 index pulses are received without a ris- 
ing edge on SC, the 82064 will switch to sampling the 
level of the SC line. If after 2048 step pulses the Track 
00 signal has not gone active, the 82064 will terminate 


inter 


AESET Awe 
SIET DIRECTION 


- 
OUT 
STOAE STEP RATE 


PULSE~ 
SET INTRQ 
AESET 
BUSY.CIP 


PULSE 
BeA 
SETfNTRQ 
AESETRUIy,elf' 


the command, 
assert INTRQ 
and set the TRACK 
000 
bit in the Error Register. 
The command 
will terminate 
if WR Fault goes active or DRDY 
goes inactive at any 
time. Figure 
13 is a flow chart of the command. 


Seek Command 
- 
0111 
R3 R2 R1 RO 


The Seek command 
positions 
the heads to the cylinder 
specified in the Task Registers. The direction 
and num- 


ber of step pulses issued is calculated 
by comparing 
the 
cylinder highllow 
registers to an internal 
"present 
posi- 
tion" cylinder 
register. 
The present 
position 
register 
is 
updated 
after all step pulses are issued and the com- 
mand is terminated. 


The actual stepping rate is taken from the rate field bits 
(R3-RO) 
and stored for future use. The command 
ter- 
minates at once if WR FAULT 
goes active or DRDY 
goes inactive at any time. Figure 
14 is a flowchart 
of the 
command. 


Since 
the 
data 
transfer 
commands 
feature 
implied 
seeks, this command 
is of use mainly 
to those 
using 
multiple drives and software that can take advantage 
of 
overlapped 
seeks. 


inter 


Scan 10 Command 
- 
0100000T 


The Scan ID command is used by both the 82064 and 
the host to update the SDH, the Sector Number, Cylin- 
der and internal present position registers. Once the 
command is issued, the Seek Complete line is sampled 
until valid. The first ID field found, as indicated by the 
address mark, is loaded into the previously mentioned 
registers. The Bad Block bit will be set if detected, and 
the command will terminate. ID CRC errors will start 
the search sequence over for a maximum of 10 index 
pulses, but the registers will be loaded with whatever 
data the 82064 had perceived as ID information. Im- 
proper states on WR Fault on DRDY will terminate 
the command. Figure 15 is the flow chart of the com- 
mand. 


The main use for this command is to determine where 
the heads are currently located and what size the sec- 
tors are (i.e. 256, 512 etc.). Without this command, it 
would be necessary to recall the heads to track zero and 
then step out to the desired cylinder each time a drive 
was changed. Specifying the wrong sector size would 
yield an ID not found error. This command enables the 
system to read the disk drive to determine what size 
sectors were recorded. 


Read Sector Command 
- 
0010lMOT 


The READ SECTOR command is used to transfer one 
or more sectors of data from the disk to the sector 
buffer. Upon receipt of the READ 
SECTOR com- 
mand, the 82064 checks the CYLINDER 
NUMBER 
LOW/HIGH 
register pair against an internal cylinder 
position register to see if they are equal. If not, the 
direction and number of steps are calculated and a seek 
takes place. If an implied seek is performed, the 82064 
will search until a rising edge of SC is received. The 
WR FAULT and DRDY lines are monitored through- 
out the command. 


Once the Seek Complete (SC) line is high (with or with- 
out an implied seek having occurred), the search for an 
ID field begins. If T = 0 (retries enabled), the 82064 
must find an ID with the correct cylinder number, 
head, sector size, and CRC within 10 revolutions, or a 
Scan ID and re-Seek will be performed. The search for 
the proper ID will again be tried for up to 10 revolu- 
tions. If the correct sector is still not found, the appro- 
priate error bits will be set and the command terminat- 
ed. Data CRC errors will also be retried for up to 10 
revolutions (if T = 0). 


If T = I (retries disabled), the ID search must find the 
correct sector within 2 revolutions or the appropriate 
error bits will be set and the command terminated. 


Both the READ 
SECTOR 
and WRITE 
SECTOR 
commands feature a "simulated completion" 
to ease 
programming. DRQ/BDRQ 
will be generated upon de- 
tecting an error condition. This allows the same pro- 
gram flow for successful or unsuccessful completion of 
a command. 


When the data address mark is found, the 82064 is 
ready to tranfer data to the sector buffer. After the data 
has been transferred, the I bit is checked. If I = 0, 
INTRQ is made active coincident with BDRQ, indicat- 
ing that a transfer of data from the buffer to the host 
processor is required. If I = 1, INTRQ will occur at 
the end of the command, i.e. after the buffer is unload- 
ed by the host. 


inter 


When M = 0 (READ SECTOR) 


( 1) 
Host: 
Sets up parameters; 
issues READ SECTOR command. 


(2) 
82064: 
Strobes 
BCA. 


(3) 
82064: 
Finds sector specified; 
asserts BCR and BCS; transfers 
data to buffer. 


(4) 
82064: 
Sets BCR = 1, BCS = O. 
(5) 
82064: 
Sets BDRQ = 1; DRQ = 1. 


(6) 
82064: 
If I bit = 1 go to (9). 
(7) 
Host: 
Reads contents 
of sector buffer. 
(8) 
82064: 
Waits for BRDY, then sets INTRQ = 1: END. 
(9) 
82064: 
Sets INTRQ = 1. 
(10) 
Host 
Reads out contents 
of buffer; END. 


When M = 1 (READ MULTIPLE 
SECTOR) 


(1) 
Host: 
Sets up parameters; 
issues READ SECTOR command. 
(2) 
82064: 
Assert BCR. 


(3) 
82064: 
Finds sector specified; 
asserts 
BCR and BCS; transfers 
data to buffer. 
(4) 
82064: 
Strobes 
BCR; sets BCS = O. 
(5) 
82064: 
Sets BDRQ = 1; DRQ = 1. 
(6) 
Host: 
Reads out contents 
of buffer. 


(7) 
82064: 
Waits for BRDY; Decrements 
SECTOR COUNT; increments 
SECTOR 
NUMBER. 


(8) 
82064: 
When BRDY = 1, if Sector Count = 0 then go to (10). 
(9) 
82064: 
Go to (2). 


(10) 
82064: 
Set INTRQ = 1; End. 


A flowchart of the READ SECTOR command is shown in Figures 16A and 16B. 


The M bit is set for multiple sector transfers. When 
M = 0, one sector is transferred and the SECTOR 
COUNT register is ignored. When M = I, multiple 
sectors are transferred. After each sector is transferred, 
the 82064 decrements the SECTOR COUNT register 
and increments the SECTOR NUMBER register. The 
next logical sector will be transferred regardless of any 
interleave. Sectors are numbered at format time. 


Multiple sector transfers continue until the SECTOR 
COUNT register equals zero, or the BRDY line goes 
active (low to high). If the SECTOR COUNT register 
is non-zero (indicating more sectors are to be trans- 
ferred but the buffer is full), BDRQ will be made active 
and the host must unload the buffer. After this occurs, 
the buffer will again be free to accept the remaining 
sectors from the 82064.This scheme enablesthe user to 
transfer more sectors than the buffer memory has ca- 
pacity for. 


Write Sector Command 
- 
01110MOT 


The WRITE SECTOR command is used to write one 
or more sectors of data to the disk from the sector 
buffer. Upon receipt of a WRITE SECTOR command 
the 82064 checks the CYLINDER NUMBER LOW/ 
HIGH register pair against the internal cylinder posi- 
tion register to see if they are equal. If not, the direction 


and number of steps calculation is performed and a 
seek takes place. The WR FAULT and DRDY lines 
are checked throughout the command. 


When the Seek Complete (SC) line is found to be true 
(with or without an implied seek having occurred), the 
BDRQ signal is made active and the host proceeds to 
load the buffer. Once BRDY goes high, the ID field 
with the specified cylinder number, head, and sector 
size is searched for. Once found, WR GATE is made 
active and the data is written to the disk. If retries are 
enabled (T = 0), and if the ID field cannot be found 
within 10 revolutions, a Scan ID and re-Seek are per- 
formed. If the correct ID field is not found within 10 
additional revolutions, the ID Not Found error bit is 
set and the command is terminated. If retries are dis- 
abled, (T = I) and if the ID field cannot be found 
within 2 revolutions, the ID Not Found error bit is set 
and the command is terminated. 


During a WRITE MULTIPLE SECTOR command 
(M = I), the SECTOR NUMBER register is decre- 
mented and the SECTOR COUNT register is incre- 
mented after the transfer to the disk takes place. Dur- 
ing multiple sector transfers if BRDY is asserted after 
the first sector is transferred from the buffer, the 82064 
will transfer the next sector before issuing BDRQ. The 
82064will set BDRQ and wait for the host processor to 
place more data in the buffer. 


When M = 0, 1 (WRITE SECTOR) 


( 1) 
Host: 
Sets up parameters; 
issues WRITE SECTOR command. 
(2) 
82064: 
Sets BORa = 1, ORa = 1. 
(3) 
Host: 
Loads sector buffer with data. 
(4) 
82064: 
Waits for BROY = 0 to 1. 
(5) 
82064: 
Finds specified 
10 field; writes sector to disk. 


(6) 
82064: 
If M = 0, then set INTRa 
= 1; ENO. 
(7) 
82064: 
Increment 
SECTOR 
NUMBER 
register; decrement 
SECTOR COUNT register. 


(8) 
82064: 
If SECTOR 
= 0, then set INTRa 
= 1; ENO. 
(9) 
82064: 
Go to (2). 


Write 
Format 
Command 
01010000 


The WRITE FORMAT command is used to format 
one track using the Task Register File and the sector 
buffer. During execution of this command, the sector 
buffer is used for additional parameter information in- 
stead of sector data. Shown in Figure 18is the contents 
of the sector buffer for a 32sector/track format with an 
interleave factor of two. Each sector requires a two byte 
sequence.The first byte designates whether a bad block 
mark is to be recorded in the sector's ID field. A 00 
Hex is normal; an 80H indicates a bad block mark for 
the sector. In the example of Figure 18, sector 04 will 
get a back block mark recorded. Any attempt to access 
sector 4 in the future will terminate the command. 


The second byte indicates the logical sector number to 
be recorded. This allows sectors to be recorded with 
any interleave factor desired. The remaining memory in 
the sector buffer may contain any value. Its only pur- 
pose is to generate a BRDY to tell the 82064 to begin 
formatting the track. An impliedseek is in effecton this 
command. As for other commands, if the drive number 
has been changed an ID field will be scanned for cylin- 
der position information before the implied seek is per- 
formed. If no ID field can be read (because the track 
had been erased or because an incomplete format had 
been used), an ID Not Found error will result and the 
WRITE FORMAT command will be aborted. This can 
be avoided by issuing a RESTORE command before 
formatting. 


The SECTOR COUNT register is used to hold the total 
number of sectors to be formatted (OlH = I sector; 
ooH = 256 sectors), while the SECTOR NUMBER 


register holds the number of bytes (minus three) to be 
used for Gap I and Gap 3. For instance, if the SEC- 
TOR COUNT register value is 02H and the SECTOR 
NUMBER register value is ooH, then 2 sectors are 
written on a track and 3 bytes of 4EH are written for 
Gap I and Gap 3. The data fields are filled with FFH 
and the CRC is automatically generated and appended. 
All gaps are filled with 4EH. After the last sector is 
written, the track is filled with 4EH until the index 
pulse terminates the write. The Gap 3 value is deter- 
mined by the drive motor speed variation, data sector 
length, and the interleave factor. The interleave factor 
is only important when 1:1(no) interleave is used. The 
formula for determining the minimum Gap 3 length 
value is: 


Gap 3 = (2 • M • S) + K + E 
M 
motor speed variation (e.g., 0.03 for ± 3%) 
S 
sector length in bytes 
K 
25 for interleave factor of I 
K 
= 0 for any other interleave factor 
E 
= 7 if the sector is to be extended 


As with all commands, a WR FAULT or drive not 
ready condition, 
will terminate 
execution of the 
WRITE FORMAT command. Figure 19 shows the 
format that the 82064 will write on the disk. The ex- 
tend bit in the SDH register must not be set during the 
Format command. 


A flowchart of the WRITE FORMAT command is 
shown in Figure 20. 
• 
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DE-ASSERT 
INTRQ. 
ERRORS. 


ASSERT BUSY, CIP 


o 


NOTE: 
• If T = 1, then "dashed" path is taken after 2 index pulses. 


inter 


• If T bit of command 
= 1, then dashed 
path is taken . 
•• 
If T bit of command 
= 1, then test is for 2 index pulses. 


inter 


NOTE: 
'If retries are disabled, the "dashed" path is taken after 2 index pulses. 


inter 
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Ii. ED FOR EACH SECTOR 
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I 
S 
C C 
C C 
0 
C 
S 
GAP 4 
GAP 1 
14 BYTES 
A 
E 
Y 
0 
E 
R 
R 
3 BYTES 
12 BYTES 
A 
F 
USER DATA 
R 
R 
3 BYTES 
GAP 3 
4E 
4E 
00 
1 
N 
L 
H 
C 
C C 
00 
00 
1 
8 
C C 
00 
4E 


T 
N 
1 
2 
1 
2 


I 
I 
WRITE 
GATE--.J"'"----------------L- 


5.2 Software 
Section: General 
Programming 


This section describesthe software needed to communi- 
cate with the 82064in order to store and retrieve data. 
This chapter describesthe software in a general manner 
and Appendix B contains the actual implementation 
used to exercise the 82064SBX board. 


As discussed in the Polled Interface Section, the 82064 
does not directly support polled operation for data 
transfers without the addition of hardware. This section 
is based upon the polled interface as described in the 
Polled Interface Section. 


The six 82064 commands can be divided into two 
groups, those with data transfers and those without. 
The commands that do not use the sector buffer are: 
Restore, Seekand Scan ID'.The functions of each com- 
mand are explained in the Commands Section. Figure 
21 is a flowchart of a polled operation and a PLM ex- 
ample. 


The last status that was read will contain any error 
conditions that might have occurred during the com- 
mand. 


For commands that do make use of the sector buffer, 
the size of the sector buffer will affect the software. If 
the sector buffer is equal in size to one sector, then a 
carry out of an address counter (for the sector buffer) • 
as the buffer is being filled will indicate to the 82064 
that tqe command should continue. If the sector buffer 
size is equal to two or more disk sectors, and only one 
sector is being transferred, then the carry out signal 
would not go active, and the 82064will be forever wait- 
ing for BRDY. In this case an I/O port would have to 
be used to generate this signal for the 82064 so that 
command execution can finish. Figure 22 is a flowchart 
of the READ SECTOR command, and its PLM repre- 
sentation. The WRITE 
SECTOR and 
FORMAT 
TRACK commands are equivalent in terms of software 
interfacing. Their flowcharts and their PLM equiva- 
lents are shown in Figure 23. 


Once the command register is written the 82064 re- 
quests a data transfer before locating the proper track. 
Once the buffer is filled and BRDY is asserted, the 
82064will locate the target track and sector. If the ID 
is not located before the selected number of retries have 
occurred, the 82064will terminate the command. The 
data transferred to the sector buffer will not have been 
used. Once the command has finished (i.e., CIP = 0), 
the status and error registers will inform the host of an 
error. 


Disk$Operation: 
Procedure; 
Call 
Write$82064$Task$Reg's; 
/. Write 
Task 
Registers 
./ 
Output 
(Command$Reg) 
= 
Command; 
Status 
= 
Input 
(Status$Reg); r 
Read 
Status 
Reg 
•/ 
Do while 
Status 
and 
CIP 
= 
CIP; 
/. Wait 
until 
command 
finishes 
./ 
Status 
= 
Input 
(Status$Reg); 
End; 
End 
Disk$Operation; 
• 


Disk$Operation: Procedure; 
Call Write$82064$Task$Regs; 
Output 
(Command $ Reg) 
= Command; 
Status = 
Input (Status$Reg); 
Do while Status and CIP = CIP; 
If Status and DRQ = DRQ then Do; 
Call Read$Data$From$Buffer; 
Output 
(BRDY$PORT) = 01; 
End; 
Status = Input (Status$Port) 
End; 
End Disk$Operation; 
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MOVE 
DATA 
FROM SYSTEM 
RAM TO SECTOR 
BUFFER 


Disk$Operation: 
Procedure; 
Call Write$82064$Task$Regs; 
Output 
(Command$Reg) = Command; 
Status 
= Input (Status$Reg); 
Do while status and CIP = CIP; 
If status and DRQ 
= DRW then do; 
Call Write$Data$to$Buffer; 
Output 
(BRDY$Port) = 01; '* Make BRDY go active *' 
End; 
Status = Input (Status$Reg) 
End; 
End Disk$Operation; 
• 
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Disk$Operation: 
Procedure; 
Call 
Write$82064$Task$Regs; 
,0 Write 
registers 
0, 
Output 
(Command$Reg) = Command; r 
Start 
command 0, 
Status 
= Input 
(Status$Reg); 
r 
Read status 
0, 
Do while 
status 
and 
CIP = CIP; r 
Is 
a command in 
progress 
0, 
If 
statu's 
and DRQ = DRQthen 
do; r 
Data 
transfer? 
= yes 0, 
If 
command = Read$Sector 
then 
Call 
Read$Data$From$Buffer; 
'0 Remove data 
0, 
Else 
Call 
Write$Data$to$Buffe~; 
,0 Send data 
0' 
Output 
{BRDY$PORT)= 
01; r 
Toggle 
BRDY0 to 
1 0' 
End; 
End Disk$Operation; 


Start$Disk$Operation: 
Procedure; 
Call 
Write$82064$Task$Reg's; 
Output 
(Command $ Reg) 
= 
Command; 
End Start$Disk$Operation; 


Figure 24 is the PLM routine that allows for all six of 
the commands. It differs from the READ and WRITE 
routines in that the direction that data is to be trans- 
ferred is determined by the command. 


Figure 24 also works for multiple sector transfers. 
However, the BRDY signal must be generated in hard- 
ware (the carry-out of an address counter). 


Interrupt driven software is chosen when the micro- 
processor must executeother tasks and cannot sit wait- 
ing for the disk to reposition its heads, as in a polled 
environment. The delay in repositioning heads can be 
anything from a couple of milliseconds to a second or 
more. 


The 82064'sinterrupt (INTRQ) pin goes active to indi- 
cate that the command has finished. The READ SEC- 
TOR command provides the programmable choice of 
having the interrupt occur at the end of the data trans- 
fer or the normal end of the command. The reason for 
this option is that when the 82064 signals that a data 
transfer is required (via BDRQ, DRQ) the disk has 
been read and the data has been placed in the buffer. 
The host would remove the data and issue BRDY. The 
82064 would then issue an interrupt indicating that the 
command has finished. The interrupt procedure would 


only have to read the status register. If the interrupt is 
issued at BDRQ the host would remove the buffer data 
and generate BRDY. At this point the status and error 
registers contain valid information. Generating an in- 
terrupt at BDRQ time may save some systems some 
software overhead. 


The WRITE SECTOR and FORMAT commands do 
not have this option because the sector buffer is filled 
before the track and sector are located. Hence, there 
can be significant delays between asking for data and 
the command terminating. 


In an interrupt driven environment, the 82064 can in- 
terface to a DMA controller for data transfers between 
the sector buffer and the host's RAM. If a DMA con- 
troller is not available an interrupt must be generated 
via the BDRQ line. However, BDRQ can stay active 
for long periods of time (until BRDY is generated). The 
interrupt sensing logic must take this into account to 
avoid being retriggered constantly. Intel's 8259A Inter- 
rupt Controller 8259A provides that capability. It 
'Shouldbe programmed for edge triggered interrupts or 
the end of interrupt byte must not be issued until 
BDRQ is removed to prevent retriggering. 


Figure 25 is a PLM example of starting a disk opera- 
tion in an interrupt driven environment. The command 
starts, and some indefinite amount of time later an in- 
terrupt would be generated, indicating service is re- 
quired. 
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End$of$Transfer: 
Procedure 
Interrupt; 
Status = 
Input 
(Status$Register); 
Output 
(8259A PIC) = End$of$Interrupt; 
End End$of$Transfer; 


Service$Disk$Controller: 
Procedure 
Interrupt; 
Status 
= Input 
(Status$Port); 
If Status and DRQ. = DRQ.then 
Call Transfer$Data$To/From$Buffer;/* 
Enable DMAC */ 
Output 
(8259A PIC) = End$of$Interrupt; 
End Service$Disk$Controller; 


If a DMA controller is used, it would have to be pro- 
grammed and initialized before the command is issued 
to the 82064. Recall that once a data transfer between 
the microprocessor 
and 82064 has finished, BRDY 
must be set high. As long as BRDY is generated from 
hardware, no microprocessor intervention is needed. If 
BRDY is generated by an I/O port the microprocessor 
will have to perform this function (this will be the case 
with any system that has a sector buffer larger than one 
sector). (One option could be to generate an interrupt 
from the terminal count pin of the DMA controller. 
The microprocessor would then issue a BRDY.) Data 
transfers between host RAM and the sector buffer 
would be handled without microprocessor intervention. 
The interrupt would then signal that the command has 
finished as shown in Figure 26. The only operation the 
host processor would perform is to check the status 
register of the 82064 for any error conditions. 


If BDRQ is used to generate an interrupt in addition to 
the normal interrupt, then the routines shown in Figure 
27 will check the status register to see if a data transfer 
should be executed or if the command is finished. If 
DRQ is not set, the command has finished and any 
error conditions would be in the status register. 


Another possibility would be to have separate interrupt 
routines for the two possible sources of interrupts 
(INTRQ, BRDQ). There would then be no need to test 
the status to see which interrupt had occurred. 


This section shows an application using the 82064 in- 
terfaced to the SBX bus. A quick overview of the SBX 
bus is provided (pin descriptions, general wave forms) 
as a background 
for the application. Designing the 


82064 onto an SBX Multimodule board was chosen to 
highlight the size and complexity differences between 
earlier TIL, MSI, LSI-based disk controller boards and 
what is possible using the 82064. Both the hardware 
and software sections will be applicable to most other 
designs using the 82064. This design example is called 
SBX82064 and does not represent a real product of- 
fered by Intel Corporation. Appendix C contains the 
schematic of the SBX board. 


The advantage of the SBX Multimodule is that it per- 
mits the system to be tailored for specific needs with a 
minimum of effort. The advantage of an SBX based 
disk controller is that a current system can make use of 
the capacity, reliability and speed of a hard disk with 
no (or minimal) hardware redesign. 


The iSBX Multimodule boards are small, specialized, 
I/O mapped boards which plug onto base boards. The 
iSBX boards connect to the iSBX bus connector and 
convert the iSBX bus signals to a defined I/O interface. 
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Figure 28. ISBX Multlmodule 
Board Concept 
(Double 
Wide) 


Control 
Lines 


The base board decodes I/O addresses and generates 
the chip selects for the iSBX Multimodule boards. In 8- 
bit systems, the base board decodes all but the lower 
three addresses in generating the iSBX Multimodule 
board chip selects. In l6-bit systems, the base board 
decodes all but the lower order four addresses in gener- 
ating the iSBX Multimodule board chip selects. Thus, a 
base board would normally reserve two blocks of 8 I/O 
ports for each iSBX socket it provides. 


There are two classes of base boards, those with Direct 
Memory Access (DMA) support and those without. 
Base boards with DMA support are boards with DMA 
controllers on them. These boards, in conjunction with 
an iSBX Multimodule board (with DMA capability), 
can perform direct I/O to memory or memory to I/O 
operations. 


The iSBX bus interface can be grouped into six func- 
tional classes: 
1. Control Lines 
2. Address and Chip Select Lines 
3. Data Lines 
4. Interrupt Lines 
5. Option Lines 
6. Power Lines 


COMMANDS: 


lORD (I/O Read) 
10WRT (I/O Write) 
DMA: 


MDRQT (DMA Request) 
MDACK (DMA Acknowledge) 
TDMA (Terminate DMA) 
INITIALIZE: 


RESET 
CLOCK: 


MCLK (iSBX Multimodule Clock) 


SYSTEM CONTROL: 


MWAIT 
MPST (iSBX Multimodule Board Present) 


The command lines are active low signals which pro- 
vide the communication link between the base board 
and the iSBX Multimodule board. An active command 
line, conditioned by chip select, indicates to the iSBX 
Multimodule board that the address lines are valid and 
the iSBX Multimodule board should perform the speci- 
fied operation. 
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The DMA lines are the communication link between 
the DMA controller device on the base board and the 
iSBX Multimodule board. MDRQT is an active high 
output signal from the iSBX Multimodule board to the 
base board's DMA device requesting a DMA cycle. 
MDACK 
is an active low input signal to the iSBX 


Multimodule board from the base board DMA device 
acknowledging that the requested DMA cycle has been 
granted. TDMA is an active high output signal from 
the 
iSBX Multimodule 
board 
to the 
base board. 
TDMA is used by the iSBX Multimodule board to ter- 
minate DMA activity. The use of the DMA lines is 
optional as not all base boards will provide DMA chan- 
nels and not all iSBX Multimodule boards will be capa- 
ble of supporting a DMA channel. 


This input line to the iSBX Multimodule board is gen- 
erated by the base board to put the iSBX Multimodule 
board into a known internal state. 


This input to the iSBX Multimodule board is a timing 
signal. The 10 MHz (+ 0%, 
- 10%) frequency can 


vary from base board to base board. This clock is asyn- 
chronous from all other iSBX bus signals. 


System 
Control 
Lines 


(MWAIT, 
MPST) 


These output 
signals from the iSBX Multimodule 


board control the state of the system. 


An active MWAIT (Active Low) will put the CPU on 
the board into wait states providing additional time for 
the iSBX Multimodule board to perform the requested 
operation. MWAIT must be generated from address 
(address plus chip select) information only. If MWAIT 
is driven active due to a glitch on the CS line during 
address transitions, MWAIT must be driven inactive in 
less than 75 ns. 


'The iSBX Multimodule board present (MPST) is an 
active low signal (tied to signal ground) that informs 
the base board I/O decode logic that an iSBX Multi- 
module board has been installed. 


The address and chip select lines are made up of two 
groups of signals. 


The base board decodes I/O addresses and generates 
the chip selects for the iSBX Multimodule boards. The 
base board decodes all but the lower order three ad- 
dresses in generating the iSBX Multimodule board chip 
selects. 


These positive true input lines to the iSBX Multimod- 
ule boards are generally the least three significant bits 
of the I/O address. In conjunction with the command 
and chip select lines, they establish the I/O port ad- 
dress being accessed. In 16-bit systems, MAO-MA2 
may be connected to ADRI-ADR3 
of the base board 


address lines. 


In an 8-bit system, these input lines to the iSBX Multi- 
module board are the result of the base board I/O de- 
code logic. MCS is an active low signal which condi- 
tions the I/O command signals and thus enables com- 
munication with the iSBX Multimodule boards. 


The SBX82064 Multimodule board will interface an 
ST506 compatible drive to any host board having an 
SBX connector. Two restrictions on the disk drive are 
that there is a maximum of 2048 cylinders and/or 
8 


heads. The SBX connector cannot supply the power-up 
current requirements of the drive. The drive must be 
connected directly to the power supply. The SBX82064 
in Appendix C does not support DMA transfers. The 
version in Appendix D does support DMA transfers. 
Since this multimodule has a 2 kbyte sector butTer, the 
host microprocessor must generate a BRDY by access- 
ing an I/O port during data transfers. 


The software for communicating to the SBX board is 
intended to be interrupt driven. Polling for data trans- 
fers is not supported. Reading the status without an 
interrupt is not recommended. During the times the 
82064 is accessing the sector butTer,the SBX82064 will 
isolate itself from the host. To support polling, a hard- 
ware generated busy pattern should be driven onto the 
host's data bus as is shown in the Polled Interface sec- 
tion. The sector butTer stores up to 2 kbytes of disk 
data, for multiple sector transfers. The SBX board only 
interfaces to one drive (for space reasons), but four 
drives could be used with the addition of a read data 
multiplexor (one Ie) and the drive data cables. 
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Figure 29 is a block diagram of the SBX82064's micro- 
processor interface. The I/O port assignments are listed 
in Table l. The functional blocks of the interface are: 


Sector Buffer Isolation Logic 
Wait State Logic 
Sector Buffer 
Sector/Drive/Head 
Register Logic 


Port Address 
Read 
Write 
80H 
Sector Buffer 
Sector Buffer 
82H 
ErrorReg 
RWCReg 
84H 
Sector Count 
Sector Count 
86H 
Sector Number 
Sector Number 
88H 
CylinderLow 
CylinderLow 
8AH 
CylinderHigh 
CylinderHigh 
8CH 
SOHReg 
SOHReg 
8EH 
Status Reg 
CommandReg 
90H 
None 
None 


'92H 
None 
Asserts BCR 
94H 
None 
Asserts BRDY 


NOTE: 
Address assignments are determined by the host board. 


The host will be isolated from the SBX board whenever 
the 82064 is accessing its sector buffer which is enabled 
by BCS. The host's control signals, RD, WR, MCSO, 
and MCSI and data bus are also disabled at the same 
time to prevent any data in the sector buffer from being 
corrupted. The host should wait for an interrupt before 
reading the 82064's Status register. Attempting to read 
the SBX board while BCS is active will return invalid 
data, since the SBX board will have the data bus tri- 
stated. 


The 
wait 
state 
logic drives 
the 
'not 
ready' 
line, 


MWAIT, active whenever the host reads the SBX 
board. MWAIT does not go active for buffer or 82064 
register writes. This logic was required for two reasons. 
First, a delayed read is generated, because the address 
setup to RD margin of the SBX bus is less than the 
82064's needs (50 ns vs 100 ns). Second, the RD to data 
valid access period of the 82064 (375 ns), is greater than 
the SBX bus' full speed read cycle (275 ns) permits. 


INDEX 


TRACKO 
sc 


READY 


WA FAULT 


Figure 29. 82064 sax Multimodule 
Diagram 


5-68 
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MWAIT is deactivated after allowing for the delayed 
RD and the access period of the 82064. This delay is 
accomplished with a 500 ns delay line. The first tap at 
100 ns generates the read request to allow for the ad- 
dress setup margin. The next tap 400 ns later removes 
MWAIT to allow the host to continue. 


The sector buffer consists of an address counter (using 
'ls393's) and a 2 kbyte static RAM. The address coun- 
ter is incremented on the trailing edge of a valid RD or 
WR cycle, either host microprocessor or 82064 initiat- 
ed. The counter is reset by a hardware reset, the 82064 
buffer reset BCR, or by accessing an I/O port to pro- 
vide software control. The 82064 will issue BCR each 
time BCS changes state (i.e. twice per sector). Resetting 
the buffer counter can be put under software control for 
multiple sector transfers. BRDY going high tells the 
82064 that the buffer is available for its use. BRDY is 
generated by the address counter, by filling or emptying 
the entire buffer in multiple sector transfers, or from an 
I/O port when single sector transfers are done (since 
single sectors won't use all 2 kbytes of the buffer, the 
hardware signal will not be generated). When the 82064 
is using the buffer, BCS will be low, and the RD Of WR 
line will be pulsed every 1.6 microseconds. 


When the 82064 is using the buffer it prevents access by 
the host by tristatin.L!!te read, write, select and data 
lines with a low on BCS. 


The drive and head select bits must be latched external- 
ly to the 82064, since these outputs are not provided. 
An 8 bit latch is strobed on the trailing edge of the WR 
pulse when the SDH register is selected. The two drive 
select bits are then demultiplexed to provide a one of 
four drive select line. If multiple drives are used then 
these outputs would also be used to select which disk's 
read data line would be gated into the PLL. 


While the interrupt line is programmable (to notify of 
an end of command or data transfer request for the 
Read Sector command only), software will ensure that 
the interrupt from the 82064 signifies command termi- 
nation. The BDRQ line is OR'ed with the 82064's 
INTRQ line or BDRQ can generate its own interrupt. 
BDRQ is also gated off-board for a DMA controller. 


Figure 30 is a block diagram of the interface between 
the 82064 and the disk drive. The functional blocks are: 


Write Data Logic 
Read Data Logic (PLL) 
Drive Control 


The WR DATA output requires a D flip-flop clocked 
at 10 MHz to complete the conversion of data to MFM. 
The output of this D flip-flop is true MFM and is sent 
to a delay line. A delay line determines the amount of 
delay for precompensation. 
No delay corresponds to 
shifting the data bit early; the first tap is approximately 
12 ns of delay and is the "normal", or no delay and the 
second tap provides 12 ns of delay, referenced to the 
"normal" write data. Which output is selected is deter- 
mined by the states on RWC, Early and Late. This 
function 
was generated with a 74sl5l 
multiplexer. 
When RWC is inactive EARLY and LATE only select 
"normal" data since they are always active. The pre- 
compensated write data is then driven onto the data 
cable by an RS-422 driver. 


Read Data Logic 


The PLL generates the RD CLOCK that is used to • 
decode the serial MFM data from the drive. A selected 
drive issues read data, unless WR GATE is active. A 
one-shot generates a pulse of 220- 270 ns to provide the 
DRUN input. Only during an all zero's or one's field 
will the DRUN input stay high, as it will be retriggered 
every 200 ns (the minimum distance that separates con- 
tinuous clock and data bits). As soon as DRUN is de- 
termined to be valid, the RD GATE output will go 
active, switching the PLL from the 10 MHz local clock 
input to disk data. The PLL will synchronize to the 
incoming serial data and generate a Read Clock of the 
proper timing and phase. The 82064 will then start to 
search for the address mark which is indicated by 
DRUN going low at the address mark. 


No detail is provided herein on PLL design, as it is 
beyond the scope of this document. PLL design should 
be left to experienced designers, since minute changes 
in temperature and component values will drastically 
affect the soft error rate. As an alternative, several com- 
panies manufacture 
very high speed PLL chips for 
MFM encoded disk drives. Besides being fairly easy to 
design in, they reduce the number of components and 
board area needed for the sophisticated PLL. 
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~ 
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SC 
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Presented in Appendix B is a listing of the software 
used to exercise the SBX 82064 board. Communication 
between the host software and the SBX driver routine is 
done through a structure located in system RAM. The 
host routine fills in required parameters, then passes the 
address of this communication block to the SBX driver 
routine. The driver routine pulls necessary values from 
this command block (CBL), executes a disk operation, 
then fills the CBL with the 82064's register contents, 
plus status and error information. The command block 
structure is shown in Figure 31. 


Command 
Rwc Reg 
SectorCnt. 
Sector Num. 
Cyl Low 
Cyl High 
SOH Reg 
Status Reg 
Error Reg 
Host Buffer 


Byte 
Byte 
Byte 
Byte 
Byte 
Byte 
Byte 
Byte 
Byte 
Pointer 


The host board did not have a DMA controller avail- 
able, so an interrupt is issued from the BDRQ line and 
OR'ed 
with the 82064's interrupt 
line as interrupt 
sources were limited by the host. When an interrupt 
occurs, the interrupt procedure checks for either a data 
transfer, and executes it, or the completion of the com- 
mand. If the interrupt signifies command completion, 
the interrupt procedure fills the command block with 
the 82064's task, status and error registers. 


In this example, the host software examines one byte in 
the command block and until this byte is changed to a 
00, no other command blocks will be passed to the disk 
driver routine. An alternative would be to issue a soft- 
ware interrupt to notify the microprocessor that the 
disk operation has finished and the command block 
contains parameters from the last operation and that a 
new disk command could start. 


The driver for this example allows polling for non-data 
transfer commands, and must use interrupts for data 
transfers. As mentioned earlier, microprocessor inter- 
vention is required since the sector buffer is much larg- 
er than one sector and will not generate a BRDY. The 
microprocessor must write to an I/O port, which sets 
BRDY, after each host to sector buffer transfer. An 
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actual software implementation would not include the 
polling and interrupt 
routines together, as only one 


method would generally be used. 


The calling routine, which would normally be a direc- 
tory program, places the values for which sector, num- 
ber of sectors, etc., in the CBL. The disk routine is 
called and the address of this structure is passed on the 
stack. The disk driver places these parameters in the 
82064's Task registers and initiates a command. 


If the interrupt driven method was chosen, the disk 
driver routine returns to the calling routine. This per- 
mits other processing to be performed while the disk is 
executing a command. At some point, an interrupt will 
be generated, either from BRDY or INTRQ. Control 
will pass to the driver and the status register will be 
checked. If a data transfer is needed, either the micro- 
processor can transfer data or a DMA controller can 
perform the function. Once the transfer of data to the 
buffer is finished the microprocessor must set BRDY 
through an I/O port. 
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APPENDIX 
A 
ST506 INTERFACE 


The ST506 interface is a modified version of Shugarts 
floppy disk drive interface and has been promoted by 
Seagate Technology. This interface is intended to be 
easy and low in cost to implement, yet provide a medi- 
um level of performance. The interface rigidly defines 
several areas: the hardware 
interconnects, 
the data 
transfer rate, the data encoding method, and how the 
disk is formatted. 


The data transfer rate depends upon the linear bit den- 
sity of the disk media and the speed at which the disk 
spins. ST506 specifies a 5 Mbit/second 
transfer rate. 
The typical ST506 drive has a nominal linear density of 
10,416bytes and a disk speed of 3600 rpm, which yields 
a 5 Mbit/second data transfer rate. No deviation from 
5 M/bits second is allowed. 


Increasing the linear density to increase storage capaci- 
ty would require a decrease in disk speed. Otherwise, 
the data rate would increase. This decrease in disk 
speed would cause access times to increase, which 
many would deem unacceptable. To increase storage 
capacity, and remain ST506 compatible, either the 
number of cylinders and/or the number of platters can 
increase. 


ST506 requires that the serial data, sent between the 
drive and the controller, be encoded according to MFM 
rules. The basic unit of storage is a bit cell, which stores 
one bit information. This bit cell is divided into two 
halves, consisting of a clock bit and a data bit (see Fig- 
ure A-I). 


ClOCK 
BIT I 
DATA BIT 
CLOCK 
BIT I 
DATA BIT 


THIS 
WOULD 
EQUAL 
A USER 
0 
THIS 
WOULD 
EQUAL 
A USER 
1 
-BWC~~L- 


The encoding rules for MFM are fairly simple: 
1. A clock bit is written when the previous and the 
current bit cell does not contain a data bit. 


2. A data bit is written whenever there is a "one" from 
the user. 


Sync fields are composed of zeroes which generates a 
series of clock bits in the bit cell's. A phase lock loop 
locks on to the data stream during this period and gen- 
erates a signal of the proper phase and frequency which 
is used to decode the combined clock and data serial 
data stream. 


All disk media must be written with a specified format 
so that data may be reliably stored and retrieved. The 
smallest unit of controller accessible data is the sector 
which typically contains sync fields, ID fields, and a 
data field, and buffer fields. 


The format of the disk required by ST506 is shown in 
Figure A-2. It should be noted ~hat this format is fixed 
in the 82064. The user has options only for GAPI and 
3 length (when changing sector size or ECC) and 
whether to have 82064 CRC checking or user supplied 
ECC syndrome bits. 


Gap 1 serves two purposes. The first is to allow for 
variations in the index pulse timing due to motor speed 
variations. The second purpose is to allow a small delay 
to permit a different head to be selected without miss- 
ing a sector. This is more of a data transfer optimiza- 
tion function and requires the disk controller to know 
which head is to be selected, 'when the last sector of a 
track has been read, and the next logical sector in the 
file exists on another platter. The 82064 does not switch 
heads automatically. Whether this scheme can be used 
or not depends upon the JLP being able to alter one 
register in the 82064, before the next sector passes be- 
neath the heads. 


This gap is typically 12 bytes long and is written by the 
82064 as 4E Hex. 
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This gap follows the CRC bytes of the ID field and 
continues up to the data field address mark. When up- 
dating a previously written sector, motor speed varia- 
tions could turn on the write coil, as the head was pass- 
ing over the ID field. This gap prevents this from oc- 
curring. The value written is OOH and also serves as 
the PLL sync field for the data field. The minimum 
value is determined by the "lock up" performance of 
the PLL. The 82064 writes sixteen bytes for this field 
once WG is activated. The user has no control over this 
field. 


Gap 3 is very similar to Gap 2 as it is used as a speed 
tolerance buffer also. Without this gap, and with the 
motor speed varying slightly, it would be possible for 
the upcoming sector's sync field and ID field to be 
overwritten. This value is '4E' H and is typically 15 
bytes long. The 82064's Gap 3 length is programmable. 
The exact value is dependent upon several factors. Re- 
fer to 82064 Format command, Software Section: Gen- 
eral Programming Section. 


This gap follows the last sector on a track and is written 
until an index pulse is received. Its purpose is to pre- 
vent the last sector from overflowing past the index 
gap, and absorb track length variations when ECC is 
used (ECC uses mote bytes than CRC). The value is 


'4E' H and is about 320 bytes when CRC and 256 byte 
sectors are used. The 82064 writes this field only during 
formatting. The user has no control over the number of 
bytes written with the 82064. 


The controller uses ID fields to locate any individual 
sector. An address mark of two bytes precedes the ID 
field and the data field in a sector. An address mark 
tells the controller the nature of the upcoming informa- 
tion. ID fields are used by the disk controller and are 
not passed to the host. 


Sector interleaving occurs when logical sectors are in a 
non-sequential order, which is determined during for- 
matting. An advantage is that there is a delay between 
logically sequential sectors. This delay can be used for 
data processing and then deciding if the next sector 
should be read. Without interleaving, the next sector 
could slip by, imposing a one revolution delay (approx. 
16.7 ms). An additional benefit to this delay is that bus 
utilization is reduced by spreading the data transfer 
over a greater amount of time. The delay between sec- 
tors can be determined as follows: 


1 RevolutionPeriod 
Sectors/Track 
x (Interleavefactor - 1) = Delay 


For the typical ST506 drive with four-way interleaving 
this yields 1.57 ms of delay. 
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The disadvantage to interleaving is that file transfers 
take longer, which may slow down the overall system. 
A four-way interleaved disk will have the transfer rate 
reduced to an average of 1.25Mbit/sec. 


host of certain conditions. A diagram of the 34 pin 
control connector is shown in Figure A-3. 


The driver/receiver logic diagram is shown in Figure 
A-4 and the electrical characteristics are: 


The 82064 leaves the logical sector sequence to the 
user. 
True 


False 


Voltage 
0.0 VDC to 0.4 VDC 
2,5 VDC to 5.25 VDC 


Current 
-40 
mA (IOL max.) 
250 p.A (tOH open) 


The interface to the ST506 drive is divided into three 
categories and they are: 


1. control signals, 
2. data signals, 
3. power. 


2200 


74LS14 


The functions of the control signals are not covered in 
detail here. Their purpose can be found in the pin de· 
scriptions section. All control lines are digital in nature 
and either provide signals to the drive or inform the 
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The lines associated with the transfer of read/write data between the host and the drive are differential in nature and 
may not be multiplexed between drives. There is one pait of balanced lines for each read and write data line per drive 
and must conform to the RS-422 specification. Figure A-5 shows the receiver/transmitter 
combination. 
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This appendix contains a schematic of the previous design using PAL's to replace the random logic. The previous 
design could not do DMA transfers and inserted a large delay when transferring data from buffer RAM to the 
system. The PAL version does do DMA transfers and buffer reads happen at fulJ SBX bus speed. One other minor 
change was to replace the 500 ns delay line with a 74LSI64, which is a more cost effective solution. 


This schematic is only a paper design since only random logic was replaced with the PAL's. 
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CHAPTER 
1 
INTRODUCTION 


Accompanying the introduction of microprocessors 
such as the 8088, 8086, 80186and 80286there has been 
a rapid proliferation of intelligent peripheral devices. 
These special purpose peripherals extend CPU per- 
formance and flexibility in a number of important 
ways. 


8255 (GPIO) 
Programmable 
Peripheral 
Interface 


8251A{USART) 
Programmable 
Communication 
Interface 


8253 (TIMER) 
Programmable 
Interval Timer 


8257 (DMA) 
Programmable 
DMA Controller 


8259 
Programmable 
Interrupt 
Controller 


82077AA 
Programmable 
Floppy Disk 
Controller 


8273 (SDLC) 
Programmable 
Synchronous 
Data Link Controller 


8274 
Programmable 
Multiprotocol- 
Serial Communications 
Controller 


8275/8276 
(CRT) 
Programmable 
CRT 
Controllers 


8279 (PKD) 
Programmable 
Keyboard/Display 
Controller 


8291A,8292,8293 
Programmable 
GPIB System 
Talker, Listener, Controller 


Intelligent devices like the 82077AA floppy disk con- 
troller and 8273 synchronous data link controller (see 
Table 1-1)can preprocess serial data and perform con- 
trol tasks which off-load the main system processor. 
Higher overall system throughput is achieved and soft- 
ware complexity is greatly reduced. The intelligent 
peripheral chips simplifymaster processor control tasks 
by performing many functions externally in peripheral 
hardware rather than internally in main processor soft- 
ware. 


Intelligent peripherals also provide system flexibility. 
They contain on-chip mode registers which are pro- 
grammed by the master processor during system initial- 
ization. These control registers allow the peripheral to 
be configured into many different operation modes. The 
user-defined program for the peripheral is stored in 


main system memory and is transferred to the peripher- 
al's registers whenever a mode change is required. Of 
course, this type of flexibility requires software over- 
head in the master system which tends to limit the ben- 
efit derived from the peripheral chip. 


In the past, intelligent peripherals were designed to 
handle very specialized tasks. Separate chips were de- 
signed for communication disciplines, parallel I/O, 
keyboard encoding, interval timing, CRT control, etc. 
Yet, in spite of the large number of devices available 
and the increased flexibilitybuilt into these chips, there 
is still a large number of microcomputer peripheral 
control tasks which are not satisfied. 


With the introduction of the Universal Peripheral In- 
terface (UPI) microcomputer, Intel has taken the intel- 
ligent peripheral concept a step further by providing an 
intelligent controller that is fully user programmable. It 
is a complete single-chip microcomputer which can 
connect directly to a master processor data bus. It has 
the same advantages of intelligence and flexibility 
which previous peripheral chips offered. In addition, 
UPls are user-programmable: it has lK/2K 
bytes of 
ROM or EPROM memory for program storage plus 
64/128/256 
bytes 
of 
RAM 
memory 
UPI-4lA, 
4lAH/42, 
42AH respectively for data storage or ini- 
tialization from-the master processor. The UPI device 
allows a designer to fully specify his control algorithm 
in the peripheral chip without relying on the master 
processor. Devices like printer controllers and key- 
board scanners can be completely self-contained, rely- 
ing on the master processor only for data transfer. 


The UPI family cu~rently consists of seven compo- 
nents: 
• 874lA microcomputer with lK EPROM memory 
• 874lAH microcomputer with lK OTpTM EPROM 
memory 


• 804lAH microcomputer with lK ROM memory 
• 8742 microcomputer with 2K EPROM memory 
• 8742AH microcomputer with 2K "OTP" EPROM 
memory 
• 8042AH microcomputer with 2K ROM memory 
• 8243 I/O expander device 


The UPI-4lAl4lAH/42142AH 
family of microcom- 
puters are functionally equivalent except for the type 
and amount of program memory available with each. 
In addition, the UPI-4lAH/42AH 
family has a Signa- 
ture Row outside the EPROM Array. The UPI-4lAH/ 
42AH family also has a Security Feature which renders 
the EPROM Array unreadable when set. 


All UPI's have the following main features: 
• 8-bit CPU 
• 8-bit data bus interface registers 


• Interval timer/event counter 
• Two 8-bit TTL compatible I/O ports 
• Resident clock oscillator circuits 


UPI·41A 
UPI·42 
UPI·41AH 
UPI·42AH 


1Kx8 
EPROM 
2Kx8 
EPROM 
1Kx8 
ROM 
2Kx8ROM 
or 
1Kx80TP 
or 
2Kx80TP 
64x8 
RAM 
128x8 
RAM 
128x8 
RAM 
256x8 
RAM 


'Set 
Security 
Feature 
"Signature 
Row Feature 
32 Bytes with: 
1. Test Code/Checksum 
2. Intel Signature 
3. Security Byte 
4. User Signature 


PROGRAMMING 


UPI·41A 
UPI·42 
UPI·41AH/UPI·42AH 


Voo = 25V 
21V 
12.5V 
100 = 50 ms 
50mA 
30mA 
EA = 21.5V-24.5V 
18V 
12.5V 


VPH = 21.5V-24.5V 
18V 
20.V-5.5V 
TPW = 50ms 
50 ms 
1 ms 


PIN DESCRIPTION 


UPI·41A/UPI-42 
UPI·41AH/UPI·42AH 


(T1) 
T1 functions 
as a test input which can be 
T1 functions 
as a test input that can be directly 
directly tested 
using conditional 
branching 
tested using conditional 
branching 
instructions. 
It 
instructions. 
It functions 
as the event timer input 
works as the event timer input under software 
under software 
control. 
control. 
It is used during sync mode to reset the 


instruction 
state to 51 and synchronize 
the 
internal clock to phase 1. 


(SS) 
Single step input used with the sync 
Single step input used with the sync output to 
output to step the program through each 
step the program through each instruction. 


instruction. 
This pin is used to put the device in sync mode by 
applying + 12.5V to it. 


Port 1 (P10-P17): 
8-bit, Quasi-Bidirectional 
I/O 
Port 1 (P10-P17): 
8-bit, Quasi-Bidirectional 
I/O 
Lines. 
Lines. P10-P17 
access the Signature 
Rowand 


Security Bit. 


NOTES: 
"For a complete descriptionof the SecurityFeature, refer to the UPI·.oI1AH/42AH Oatasheet. 
""For a complete descriptionof the Signature Row,refer to the UPI-41AH/.oI2AH Datasheet. 
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HMOS processing has been applied to the UPI family 
to allow for additional performance and memory capa- 
bility while reducing costs. The UPI-4IA/4IAH/421 
42AH are all pin and software compatible. This allows 
growth in present designs to incorporate new features 
and add additional performance. For new designs, the 
additional 
memory 
and performance 
of the 
UPI- 
4IA/4IAH/42/42AH 
extends the UPI 
'grow your 
own solution' concept to more complex motor control 
tasks, 8o-column printers and process control applica- 
tions as examples. 


The 8243 device is an 110 multiplexer which allows 
expansion of 110 to over 100 lines (if seven devices are 
used). All three parts are fabricated with N-channel 
MOS technology and require a single, SV supply for 
operation. 


INTERFACE 
REGISTERS 
FOR MULTI· 
PROCESSOR 
CONFIGURATIONS 


In the normal configuration, the UPI-4IA/4IAH/421 
42AH interfaces to the system bus, just like any intelli- 
gent peripheral device (see Figure I-I). The host proc- 
essor and the UPI-4IA/4IAH/42142AH 
form a loose- 
ly coupled multi-processor system, that is, communica- 
tions between the two processors are direct. Common 
resources are three addressable registers located physi- 
cally on the UPI-4IA/4IAH/42142AH. 
These reg- 


DATA 
CONTROL 
BUS 
BUS 


ADDRESS 
BUS 


isters are the Data Bus Buffer Input (DBBIN), Data 
Bus Buffer Output (DBBOUT), and Status (STATUS) 
registers. The host processor may read data 
from 
DBBOUT or write commands and data into DBBIN. 
The status of DBBOUT and DBBIN plus user-defined 
status is supplied in STATUS. The host may read 


. STATUS at any time. An interrupt to the UPI proces- 
sor 
is automatically 
generated 
(if enabled) 
when 
DBBIN is loaded. 


Because the UPI contains a complete microcomputer 
with program memory, data memory, and CPU it can 
function as a "Universal" 
controller. A designer can 
program the UPI to control printers, tape transports, or 
multiple serial communication channels. The UPI can 
also handle off-line arithmetic processing, or any num- 
ber of other low speed control tasks. 


The UPI contains a powerful, 8-bit CPU with as fast as 
1.2 Jloseccycle time and two single-level interrupts. Its 
instruction set includes over 90 instructions for easy 
software development. Most instructions are single byte 
and single cycle and none are more than two bytes long. 
The instruction set is optimized for bit manipulation 
and 110 operations. Special instructions are included to 
allow binary or BCD arithmetic operations, table look- 
up routines, loop counters, and N-way branch routines. 
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•1 
01742 
XXXXra 


• 
8741A 
1 XXIXo 


• 
8041AH, 
1 
8042AH 
xxx x 


231318-2 


8041 AH, 8042AH 
Mask 
Programmed 
ROM 


231318-49 
8741A 
Electrically 
Programmable 
Ught Erasable 
EPROM 


231318-47 


8741AH,8742AH 
Electrically 
Programmed 
OTPEPROM 


D8742 
Electrically 
Programmable 
Light Erasable 
EPROM 


• 
For BDC Arithmetic: 
Decimal Adjust A 
Swap 4-bit Nibbles of A 
Exchange 
lower nibbles of A and Register 
Rotate 
A left or right with or without 
Carry 


• 
For Lookup Tables: 
Load A from Page of ROM (Address 
in A) 
Load A from Current 
Page of ROM 
(Address 
in A) 


SPECIAL 
INSTRUCTION 
SET 
FEATURES 


• 
For Loop Counters: 
Decrement 
Register and Jump if not zero. 


• 
For Bit Manipulation: 
AND 
to A (immediate 
data or Register) 
OR to A (immediate 
data or Register) 
XOR to A (immediate 
data or Register) 
AND 
to Output 
Ports (Accumulator) 
OR to Output 
Ports (Accumulator) 
Jump Conditionally 
on any bit in A 


"" 
. 
UPI,,'A/41AH 
~ 
..• 
-y 
/42/42AH 


B-BIT 
MICROCOMPUTER 
SYSTEM 


UPI.• ,A/4,AH 
/42/42AH 


UPI.• ,A14,AH 
/42/42AH 


~ 


Figure 1-3. Interfaces 
and Protocols 
for Multiprocessor 
Systems 
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The UPI 8-bit interval timer/event counter can be used 
to generate complex timing sequences for control appli- 
cations or it can count external events such as switch 
closures and position encoder pulses. Software timing 
loops can be simplified or eliminated by the interval 
timer. If enabled, an interrupt to the CPU will occur 
when the timer overflows. 


The UPI 110 complement contains two TTL-compati- 
ble 8-bit bidirectional I/O ports and two general-pur- 
pose test inputs. Each of the 16 port lines can individu- 
ally function as either input or output under software 
control. Four of the port lines can also function as an 
interface for the 8243 I/O expander which provides 
four additional 4-bit ports that are directly addressable 
by UPI software. The 8243 expander allows low cost 
I/O 
expansion for large control 
applications 
while 
maintaining easy and efficient software port addressing. 


P23 
I 
P20 


UPI-41A/41AH 
/42/42AH 


The UPI's 64/128/256 bytes data memory include dual 
working register banks and an 8-level program counter 
stack. Switching between the register banks allows fast 
response to interrupts. The stack is used to store return 
addresses and processor status upon entering a subrou- 
tine. 


The UPI program memory is available in three types to 
allow flexibility in moving from design to prototype to 
production with the same PC layout. The 8741A/8742 
device with EPROM memory is very economical for 
initial system design and development. Its program 
memory can be electrically programmed using the Intel 
Universal 
PROM 
Programmer. 
When changes are 
needed, the entire program can be erased using UV 
lamp and reprogrammed 
in about 20 minutes. This 
means the 8741A/8742 can be used as a single chip 
"breadboard" 
for very complex interface and control 


problems. After the 8741A/8742 is programmed it can 
be tested in the actual production level PC board and 
the actual functional environment. Changes required 
during 
system 
debugging 
can 
be 
made 
in 
the 
8741A/8742 
program 
much more -easily than they 
could be made in a random logic design. The system 
configuration and PC layout can remain fixed during 
the development process and the turn around time be- 
tween changes can be reduced to a minimum. 


At 
any 
point 
during 
the 
development 
cycle, the 
8741A/8742 EPROM part can be replaced with the 
low cost UPI-41AH/42AH 
respectively with factory 
mask programmed 
memory or OTP EPROM. 
The 
transition from system development to mass production 
is made smoothly because the 8741A/8742, 8741AH 
and 8041AH, 8742AH and 8042AH parts are com- 
pletely pin compatible. This feature allows extensive 
testing with the EPROM part, even into initial ship- 
ments to customers. Yet, the transition 
to low-cost 
ROMs or OTP EPROM is simplified to the point of 
being merely a package substitution. 


The 8242AH, 8292, and 8294 are 8042AH's that are 
programmed by Intel and sold as standard peripherals. 
The 8242AH is a keyboard controller for AT-compati- 
ble systems. The device contains Phoenix Technologies, 
Ltd. keyboard controller firmware for AT-compatible 
systems. The 8292 is a GPIB controller, part of a three 
chip GPIB system. The 8294 is a Data Encryption Unit 
that implements the National Bureau of Standards data 
encryption algorithm. These parts illustrate the great 
flexibility offered by the UPI family. 


The UPI microcomputer 
is fully supported by Intel 
with development tools like the UPP PROM program- 
mer already mentioned. The combination of device fea- 
tures and Intel development support make the UPI an 
ideal component for low-speed peripheral control appli- 
cations. 


• 8048/UPI-41A/41AH/42142AH 
Assembler 
• Universal PROM Programmer UPP Series 
• Insite User's Library 
• Application Engineers 
• Training Courses 


CHAPTER 2 
FUNCTIONAL 
DESCRIPTION 


The UPI microcomputer 
is an intelligent peripheral 


controller designed to operate in iAPX-86, 88, MCS-85, 
MCS-80, MCS-51 and MCS-48 systems. The UPI's ar- 
chitecture, illustrated in Figure 2-1, is based on a low 
cost, single-chip microcomputer with program memo- 
ry, data memory, CPU, I/O, event timer and clock os- 
cillator in a single 4O-pinpackage. Special interface reg- 
isters are included which enable the UPI to function as 
a peripheral to an 8-bit master processor. 


This chapter provides a basic description of the UPI 
microcomputer and its system interface registers. Un- 
less otherwise noted the descriptions in this section ap- 
ply to the 8741AH, 8742AH with OTP EPROM mem- 


1024 
X a. 
204a 
x a 
PROGRAM 
MEMORY 
(ROM/EPROM) 


a·BIT 
DATA 
BUS 
INPUT 
REGISTER 


a·BIT 
DATA 
BUS 
OUTPUT 
REGISTER 


ory, the 8741A/8742 (with UV erasable program mem- 
ory) and the 8041AH, 8042AH (with factory mask pro- 
grammed memory). These devices are so similar that 
they can be considered identical under most circum- 
stances. All functions described in this chapter apply to 
the UPI-4IA/41AH/42142AH. 


The UPI-41A/41AH/42142AH 
are packaged in 4O-pin 


Dual In-Line (DIP) packages. The pin configuration 
for both devices is shown in Figure 2-2. Figure 2-3 illus- 
trates the UPI Logic Symbol. 
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The following section summarizes the functions of each UPI pin. NOTE that several pins have two or more 
functions which are described in separate paragraphs. 


Table 2-1. Pin Description 


Symbol 
Pin No. 
Type 
Name and Function 


00-07 
12-19 
I/O 
DATA BUS: Three-state, 
bidirectional 
DATA BUS BUFFER 
(BUS) 
lines used to interface 
the UPI-41 A/ 41 AH/ 42/ 42AH 
microcomputer 
to an 8-bit master system data bus. 


P10-P17 
27-34 
I/O 
PORT 1: 8-bit, PORT 1 quasi-bidirectional 
I/O lines. 


P20-P27 
21-24 
I/O 
PORT 2: 8-bit, PORT 2 quasi-bidirectional 
I/O lines. The lower 
35-38 
4 bits (P20-P23) 
interface 
directly to the 8243 I/O expander 
device and contain 
address and data information 
during PORT 
4-7 
access. The upper 4 bits (P24-P27) 
can be programmed 


• 


to provide interrupt 
Request and DMA Handshake 
capability . 


Software 
control 
can configure 
P24 as O~t 
Buffer Full 
(OBF) interrupt, 
P25 as Input Buffer Full (IBF) interrupt, 
P26 as 
DMA Request 
(ORO), and P27 as DMA 
ACKnowledge 
(DACK). 


WR 
10 
I 
WRITE: I/O write input which enables the master CPU to write 
data and command 
words to the UPIINPUT 
DATA BUS 
BUFFER. 


RD 
8 
I 
READ: I/O read input which enables the master CPU to read 
data and status words from the OUTPUT 
DATA BUS BUFFER 
or status register. 


CS 
6 
I 
CHIP SELECT: Chip select input used to select one UPI- 
41 A/41 AH /42/ 42AH microcomputer 
out of several 
connected 
to a common 
data bus. 


Ao 
9 
I 
COMMAND/DATA 
SELECT: Address 
input used by the 
I 


master processor 
to indicate whether 
by1e transfer 
is data 
(Ao = 0) or command 
(Ao = 1). 


TEST 0, 
1 
I 
TEST INPUTS: Input pins can be directly tested using 
TEST 1 
39 
conditional 
branch instructions. 


FREQUENCY 
REFERENCE: 
TEST 1 (T 1) also functions 
as 
the event timer input (under software 
control). 
TESTO (To) is 
used during PROM programming 
and verification 
in the UPI- 
41A/41AH/42/42AH. 


XTAL 1, 
2 
I 
INPUTS: Inputs for a crystal, LC or an external timing signal to 
XTAL 2 
3 
determine 
the internal oscillator 
frequency. 


SYNC 
11 
0 
OUTPUT 
CLOCK: Output signal which occurs once per UPI 
instruction 
cycle. SYNC can be used as a strobe for external 
circuitry; 
it is also used to synchronize 
single step operation. 


EA 
7 
I 
EXTERNAL 
ACCESS: External access input which allows 
emulation, 
testing and PROM/ROM 
verification. 


PROG 
25 
I/O 
PROGRAM: 
Multifunction 
pin used as the program 
pulse input 
during PROM programming. 
During I/O expander 
access the PROG pin acts as an 
address/data 
strobe to the 8243. 


RESET 
4 
I 
RESET: Input used to reset status flip-flops 
and to set the 
program 
counter to zero. RESET is also used during PROM 
programming 
and verification. 


SS 
5 
I 
SINGLE STEP: Single step input used in conjunction 
with the 
SYNC output to step the program 
through each instruction. 


Vcc 
40 
POWER: + 5V main power supply pin. 


Voo 
26 
POWER: + 5V during normal operation. + 25V for UPI-41 A, 
21V for UPI-42 programming 
operation, + 12V for 
programming, 
UPI-41 AH/ 42AH. Low power standby 
pin in 
ROM version. 


VSS 
20 
GROUND: 
Circuit ground potential. 
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The following sections provide a detailed functional de- 
scription of the UPI microcomputer. Figure 2-4 illus- 
trates the functional blocks within the UPI device. 


The CPU section of the UPI-41A/41AH/42/42AH 
microcomputer performs basic data manipulations and 
controls data flow throughout the single chip computer 
via the internal 8-bit data bus. The CPU section in- 
cludes the following functional blocks shown in Figure 
2-4: 


• Arithmetic Logic Unit (ALU) 
• Instruction Decoder 


• Accumulator 


• Flags 


Arithmetic 
Logic Units (ALU) 


The ALU is capable of performing the following opera- 
tions: 


• ADD with or without carry 
• AND, OR, and EXCLUSIVE OR 
• Increment, Decrement 
• Bit complement 
• Rotate left or right 


• Swap 
• BCD decimal adjust 


,."'~{,~, 
".. 
a.oc- 
U""J 
{ 
,.._-_..-, 


II'OWPI 
"cc __ 
.~~, 


'..--- 


In a typical operation data from the accumulator 
is 


combined in the ALU with data from some other 
source on the UPI-41A/4IAH/42142AH 
internal bus 


(such as a register or an I/O port). The result of an 
ALU operation can be transferred to the internal bus or 
back to the accumulator. 


If an operation such as an ADD or ROTATE requires 
more than 8 bits, the CARRY flag is used as an indica- 
tor. Likewise, during decimal adjust and other BCD 
operations the AUXILIARY 
CARRY flag can be set 


and acted upon. These flags are part of the Program 
Status Word (PSW). 


During an instruction fetch, the operation code (op- 
code) portion of each program instruction is stored and 
decoded by the instruction decoder. The decoder gener- 
ates outputs used along with various timing signals to 
control the functions performed in the ALU. Also, the 
instruction decoder controls the source and destination 
of ALU data. 


The accumulator is the single most important register 
in the processor. It is the primary source of data to the 
ALU and is often the destination for results as well. 
Data to and from the I/O ports and memory normally 
passes through the accumulator. 


Figure 2-4. UPI-41A/41AH/42/42AH 
Block Diagram 
6-12 
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UPI·41A/41AH/42142AH 
USER'S MANUAL 


The 
UPI-4IA/4IAH/42142AH 
microcomputer 
has 
1024, 2048 8-bit words of resident, read-only memory 
for program storage. Each of these memory locations is 
directly addressable by a lO-bit program counter. De- 
pending on the type of application and the number of 
program changes anticipated, three types of program 
memory are available: 


• 804IAH, 
8042AH with mask programmed ROM 
Memory 


• 8741AH, 8742AH with electrically programmable 
OTP EPROM Memory 
• 8741A and 8742 with electrically programmable 
EPROM Memory 


A program memory map is illustrated in Figure 2-5. 
Memory is divided into 256 location 'pages' and three 
locations are reserved for special use: 
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1742, 
8042AH, 
1742AH 


8741AH: 
8741A 


I) Location 0 
Following a RESET input to the processor, the next 
instruction is automatically fetched from location O. 
2) Location 3 
An interrupt 
generated by an Input 
Buffer Full 
(IBf) condition (when the IBF interrupt is enabled) 
causes the next instruction to be fetched from loca- 
tion 3. 
3) Location 7 
A timer overflow interrupt 
(when enabled) will 
cause the next instruction to be fetched from loca- 
tion 7. 


Following a system RESET, program execution begins 
at location O.Instructions in program memory are nor- 
mally executed sequentially. Program control can be 
transferred out of the main line of code by an input 
buffer full (IBF) interrupt or a timer interrupt, or when 
a jump or call instruction is encountered. An IBF inter- 
rupt (if enabled) will automatically transfer control to 
location 3 while a timer interrupt will transfer control 
to location 7. 


All conditional JUMP 
instructions 
and the indirect 
JUMP instruction are limited in range to the current 
256-location page (that is, they alter PC bits 0- 7 only). 
If a conditional JUMP or indirect JUMP begins in lo- 
cation 255 of a page, it must reference a destination on 
the following page. 


Program memory can be used to store constants as well 
as program instructions. 
The UPI-4IAH, 
42AH in- 
struction 
set contains an instruction 
(MOVP3) de- 6 


signed specifically for efficient transfer of look-up table 
information from page 3 of memory. 


The UPI-4IA 
has 64 8-bit words of Random Access 
Memory, the UPI-4IAH 
has 128 8-bit words of Ran- 
dom Access Memory; the UPI-42 has 128 8-bit words 
of RAM; and the UPI-42AH has 256 8-bit words of 
RAM. This memory contains two working register 
banks, an 8-level program counter stack and a scratch 
pad memory, as shown in Figure 2-6. The amount of 
scratch pad memory available is variable depending on 
the number of addresses nested in the stack and the 
number of working registers being used. 


The first eight locations in RAM are designated as 
working registers Ro-R7. These locations (or registers) 
can be addressed directly by specifying a register num- 
ber in the instruction. Since these locations are easily 
addressed, they are generally used to store frequently 


inter 


accessed intermediate results. Other locations in data 
memory are addressed indirectly by using Ro or Rl to 
specify the desired address. 
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Dual banks of eight working registers are included in 
the UPI-4IA/4IAH/42142AH 
data memory. Loca- 
tions 0- 7 make up register bank 0 and locations 24-13 
form register bank I. A RESET signal automatically 
selects register bank o. When bank 0 is selected, refer- 
ences to Ro-R7 in UPI-4IA/4IAH/42142AH 
instruc- 
tions operate on locations 0-7 in data memory. A "se- 
lect register bank" instruction is used to selected be- 
tween the banks during program execution. If the in- 
struction SEL RBI (Select Register Bank I) is execut- 
ed, then program references to Ro-R7 will operate on 
locations 24-31. As stated previously, registers 0 and I 
in the active register bank are used as indirect address 
registers for all locations in data memory. 


Register bank I is normally reserved for handling inter- 
rupt serviceroutines, thereby preserving the contents of 
the main program registers. The SEL RBI instruction 
can be issued at the beginning of an interrupt service 
routine. Then, upon return to the main program, an 
RETR (return & restore status) instruction will auto- 
matically restore the previously selected bank. During 


interrupt processing,registers in bank 0 can be accessed 
indirectly using Ro' and R 1'. 


If register bank I is not used, registers 24- 31 can still 
serve as additional scratch pad memory. 


RAM locations 8-23 are used as an 8-level program 
counter stack. When program control is temporarily 
passed from the main program to a subroutine or inter- 
rupt service routine, the 10-bit program counter and 
bits 4-7 of the program status word (PSW) are stored 
in two stack locations. When control is returned to the 
main program via an RETR instruction, the program 
counter and PSW bits 4- 7 are restored. Returning via 
an RET instruction does not restore the PSW bits, 
however. The program counter stack is addressed by 
three stack pointer bits in the PSW (bits 0-2). Opera- 
tion of the program counter staek and the program 
status word is explained in detail in the following sec- 
tions. 


The stack allows up to eight levels of subroutine 'nest- 
ing'; that is, a subroutine may call a second subroutine, 
which may call a third, etc., up to eight levels. Unused 
stack locations can be used as scratch pad memory. 
Each unused level of subroutine nesting provides two 
additional RAM locations for general use. 


The followingsections provide a detailed description of 
the Program Counter Stack and the Program Status 
Word. 


The UPI-4IA/4IAH/42142AH 
microcomputer has a 
IO-bit program counter (PC) which can directly ad- 
dress any of the 1024,2048 locations in program mem- 
ory. The program counter always contains the address 
of the next instruction to be executed and is normally 
incremented sequentially for each instruction to be exe- 
cuted when each instruction fetches occurs. 


When control is temporarily passed from the main pro- 
gram to a subroutine or an interrupt routine, however, 
the PC contents must be altered to point to the address 
of the desired routine. The stack is used to save the 
current PC contents so that, at the end of the routine, 
main program execution can continue. The program 
counter is initialized to zero by a RESET signal. 


The Program Counter Stack is composed of 16 loca- 
tions in Data Memory as illustrated in Figure 2-7. 
These RAM locations (8 through 23) are used to store 
the IO-bitprogram counter and 4 bits of the program 
status word. 
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An interrupt or Call to a subroutine causes the contents 
of the program counter to be stored in one of the 8 
register pairs of the program counter stack. 
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A 3-bit Stack Pointer which is part of the Program 
Status Word (PSW) determines the stack pair to be 
used at a given time. The stack pointer is initialized by 
a RESET signal to OOHwhich corresponds to RAM 
locations 8 and 9. 


The first call or interrupt results in the program coun- 
ter and PSW contents being transferred to RAM loca- 
tions 8 and 9 in the format shown in Figure 2-7. The 
stack pointer is automatically incremented by I to point 
to location is 10 and 11 in anticipation of another 
CALL. 


Nesting of subroutines within subroutines can continue 
up to 8 levels without overflowing the stack. If overflow 
does occur the deepest address stored (locations 8 and 
9) will be overwritten and lost since the stack pointer 
overflows from 07H to OOH.Likewise, the stack pointer 
will underflow from OOHto 07H. 


The end of a subroutine is signaled by a return instruc- 
tion, either RET or RETR. Each instruction will auto- 
matically decrement the Stack Pointer and transfer the 
contents of the proper RAM register pair to the Pro- 
gram Counter. 


PROGRAM 
STATUS 
WORD 
The 8-bit program status word illustrated in Figure 2-8 
is used to store general information about program exe- 
cution. In addition to the 3-bit Stack Pointer discussed 
previously, the PSW includes the following flags: 


• CY - 
Carry 
• AC - 
Auxiliary Carry 


• Fo - 
Flag 0 
• BS - 
Register Bank Select 


Figure 2·8. Program 
Status Word 


The Program Status Word (PSW) is actually a collec- 
tion of flip-flops located throughout the machine which 
are read or written as a whole. The PSW can be loaded 
to or from the accumulator by the MOY A, PSW or 
MOY PSW, A instructions. The ability to write directly 
to the PSW allows easy restoration of machine status 
after a power-down sequence. 


The upper 4 bits of the PSW (bits 4, 5, 6, and 7) are 
stored in the PC Stack with every subroutine CALL or 
interrupt vector. Restoring the bits on a return is op- 
tional. The bits are restored if an RETR instruction is 
executed, but not if an RET is executed. 


PSW bit definitions are as follows: 


• Bits 0-2 Stack Pointer Bits So, S" S2 
• Bit 3 Not Used 
• Bit 4 Working Register Bank 
0= 
Bank 0 
I=Bankl 


• Bit 5 Flag 0 bit (Fo) 
This is a general purpose flag which can be cleared 
or complemented and tested with conditional jump 
instructions. It may be used during data transfer to 
an external processor. 


• Bit 6 Auxiliary Carry (AC) 
The flag status is determined by an ADD instruc- 
tion and is used by the Decimal Adjustment instruc- 
tion DAA 


• Bit 7 Carry (CY) 
The flag indicates that a previous operation resulted 
in overflow of the accumulator. 


Conditional Branch Logic in the UPI-4IAH, 42AH al- 
lows the status of various processor flags, inputs, and 
other hardware functions to directly affect program ex- 
ecution. The status is sampled in state 3 of the first 
cycle. 
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and indicates the condition which will cause a jump. In 
all cases, the destination address must be within the 
page of program memory (256 locations) in which the 
jump instruction occurs. 


The UPI-41A/4IAH/42142AH's 
internal timing gen- 


eration is controlled by a self-contained oscillator and 
timing circuit. A choice of crystal, L-C or external 
clock can be used to derive the basic oscillator frequen- 
cy. 


The resident timing circuit consists of an oscillator, a 
state counter and a cycle counter as illustrated in Fig- 
ure 2-9. Figure 2-10 shows instruction cycle timing. 


The on-board oscillator is a series resonant circuit with 
a frequency range of I to 12.5 MHz depending on 
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and XTAL 2 are input and output (respectively) of a 
high gain amplifier stage. A crystal or inductor and 
capacitor connected between XTAL I and XTAL 2 
provide the feedback and proper phase shift for oscilla- 
tion. Recommended «onnections for crystal or L-C are 
shown in Figure 2-11. 


The output of the oscillator is divided by 3 in the state 
counter to generate a signal which defines the state 
times of the machine. 


Each instruction cycle consists of five states as illustrat- 
ed in Figure 2-10 and Table 2-3. The overlap of address 
and execution operations illustrated in Figure 2-10 al- 
lows fast instruction execution. 


Device 
Instruction 
Mnemonic 
Jump Condition 
Jump if: 


Accumulator 
JZ 
addr 
All bits zero 
JNZ 
addr 
Any bit not zero 
Accumulator 
bit 
JBb 
addr 
Bit "b" = 1 


Carry flag 
JC 
addr 
Carry flag = 1 
JNC 
addr 
Carry flag = 0 
User flag 
JFO 
addr 
Foflag = 1 


JF1 
addr 
Fl flag = 1 


Timer flag 
JTF 
addr 
Timerflag 
= 1 
Test Input 0 
JTO 
addr 
To = 1 
JNTO 
addr 
, 
To = 0 
Test Input 1 
JT1 
addr 
Tl = 1 
JNT1 
addr 
Tl = 0 
Input Buffer flag 
JNIBF 
addr 
IBF flag = 0 


Output Buffer flag 
JOBF 
addr 
OBFfiag 
= 1 


IYIIe 
0Uf1'UT 
1.No11,... 
cyaa 


r-l 
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5, 
5. 
53 
54 
55 
5, 
~ 
DECOOf: 
EXECUTtON 


INl'UT 
IHST. 
INST. 


INC. 
I'C 
OUTPUT 
ADDRESS 


CYCLE 
1 
CYCLE 
2 
Instruction 
51 
52 
53 
54 
55 
51 
52 
53 
54 
55 


Fetch 
Increment 
Increment 
Read Port 
INA,Pp 
Program 
Counter 
- 
Timer 
- 
- 
- 
- 
- 
Instruction 


OUTlPp,A 
Fetch 
Increment 
Increment 
Output 


Instruction 
Program 
Counter 
- 
Timer 
To Port 
- 
- 
- 
- 
- 


Fetch 
Increment 
Increment 
Read Port 
Fetch 
Increment 
Output 


ANl 
Pp, DATA 
Instruction 
Program 
- 
Timer 
Immediate 
- 
Program 
To Port - 


Counter 
Data 
Counter 


Fetch 
Increment 
Increment 
Read Port 
Fetch 
Increment 
Output 


ORl 
Pp, DATA 
Instruction 
Program 
- 
Timer 
Immediate 
- 
Program 
To Port - 


Counter 
Data 
Counter 


MOVDA,Pp 
Fetch 
Increment 
Output 
Increment 
- 
Read 


Instruction 
Program 
Counter 
Opeodel 
Address 
Timer 
- 
P2lower 
- 
- 
- 


MOVDPp,A 
Fetch 
Increment 
Output 
Increment 
Output 
Data 


Instruction 
Proaram 
Counter 
Oocodel Address 
Timer 
To P2lower 
-, 
- 
- 
- 
- 


DPp,A 
Fetch 
Increment 
Output 
Increment 
Output 


Instruction 
Program 
Counter 
Opcodel 
Address 
Timer 
Data 
- 
- 
- 
- 
- 


ORlD 
Pp, A 
Fetch 
Increment 
Output 
Increment 
Output 


Instruction 
Program 
Counter 
Opcodel 
Address 
Timer 
Data 
- 
- 
- 
- - 


Fetch 
Increment 
Sample 
Increment 
Fetch 
Update 
J (Conditional) 
Instruction 
Program 
Counter 
Condition 
Timer 
- 
Immediate 
Data 
- 
Program 
- 
- 


Counter 


MOVSTS,A 
Fetch 
Increment 
Increment 
Update 


Instruction 
Program 
Counter 
- 
Timer 
Status 
Register 


INA,DBB 
Fetch 
Increment 
Increment 
Instruction Proaram 
Counter 
- 
Timer 
- 


OUTDBB,A 
Fetch 
Increment 
Increment 
Output 


Instruction 
Program 
Counter 
- 
Timer 
To Port 


STRTT 
Fetch 
Increment 
Start 


STRTCNT 
Instruction 
Proaram 
Counter 
- 
- 
Counter 


STOP TCNT 
Fetch 
Increment 
Stop 


Instruction 
Program 
Counter 
- 
- 
Counter 


ENI 
Fetch 
Increment 
Enable 


Instruction 
Proaram 
Counter 
- 
Interrupt 
- 


DISI 
Fetch 
Increment 
Disable 


Instruction 
Program 
Counter 
- 
Interrupt 
- 


ENDMA 
Fetch 
Increment 
DMA Enabled 


Instruction 
Program 
Counter 
- 
DRQCleared 
- 


EN FLAGS 
Fetch 
Increment 
OBF,IBF 


Instruction 
Program 
Counter 
- 
Output 
Enabled 
- 


Cl 


~ 


C2 
__ L- 
__-r -, 


I 
= 
I 


C3 


pf 
2 
XTAL 
1 


~ 
L 


UPl-41A/f1AH 
W~ 


3 
XTAL 
2 


pf 


2 
XTAl1 


1.63 - 12.5 


MHz 


20 


~ 
• 


inter 


The output of the state counter is divided by 5 in the 
cycle counter to generate a signal which defines a ma- 
chine cycle. This signal is call SYNC and is available 
continuously on the SYNC output pin. It can be used 
to synchronize external circuitry or as a general pur- 
pose clock output. It is also used for synchronizing sin- 
gle-step. 


The external crystal provides high speed and accurate 
timing generation. A crystal frequency of 5.9904 MHz 
is useful for generation of standard communication fre- 
quencies by the UPI-41A/4IAH/42142AH. 
However, 
if an accurate frequency reference and maximum proc- 
essor speed are not required, an inductor and capacitor 
may be used in place of the crystal as shown in Figure 
2-11. 


A recommended range of inductance and capacitance 
combinations is given below: 
• L = 130 IJoHcorresponds to 3 MHz 
• L = 45 IJoHcorresponds to 5 MHz 


An external clock signal can also be used as a frequency 
reference to the UPI-41A/4IAH/42142AH; 
however, 


the levels are not TfL compatible. The signal must be 
in the 1-12.5 
MHz frequency range depending on 


which UPI is used. Refer to Table 1-2. The signal must 
be connected to pins XTAL I and XTAL 2 by buffers 
with a suitable pull-up resistor to guarantee that a logic 
"I" is above 3.8 volts. The recommended connection is 
shown in Figure 2-12. 


Figure 2-12. Recommended 
Connection 
For External Clock SIgnal 


The UPI-4IA/4IAH/42142AH 
has a resident 8-bit 


timer/counter 
which has several software selectable 


modes of operation. As an interval timer, it can gener- 
ate accurate delays from 80 microseconds to 20.48 mil- 
liseconds without placing undue burden on the proces- 
sor. In the counter mode, external events such as switch 
closures or tachometer pulses can be counted and used 
to direct program flow; 


Figure 2-13 illustrates the basic timer/counter 
configu- 


ration. An 8-bit register is used to count pulses from 
either the internal clock and prescaler or from an exter- 
nal source. The counter is presettable and readable with 
two MOV instructions which transfer the contents of 
the accumulator 
to the counter and vice-versa (i.e. 


MOV T, A and MOV A, T). The counter is stopped by 
a RESET or STOP TCNT instruction 
and remains 


stopped until restarted either as a timer (START T in- 
struction) or as a counter (START CNT instruction). 
Once started, the counter will increment to its maxi- 
mum count (FFH) and overflow to zero continuing its 
count until stopped by a STOP TCNT instruction or 
RESET. 


The increment from maximum count to zero (overflow) 
results in setting the Timer Flag (TF) and generating an 
interrupt request. The state of the overflow flag is test- 
able with the conditional jump instruction, JTF. The 
flag is reset by executing a JTF or by a RESET signal. 


The timer interrupt request is stored in a latch and 
ORed with the input buffer full interrupt request. The 
timer interrupt can be enabled or disabled independent 
of the IBF interrupt 
by the EN TCNTI 
and DIS 


TCTNI instructions. If enabled, the counter overflow 
will cause a subroutine call to location 7 where the tim- 
er service routine is stored. If the timer and Input Buff- 
er Full interrupts occur simultaneously, the IBF source 
will be recognized and the call will be to location 3. 
Since the timer interrupt is latched, it will remain pend- 
ing until the DBBIN register has been serviced and will 
immediately be recognized upon return from the serv- 
ice routine. A pending timer interrupt is reset by the 
initiation of a timer interrupt service routine. 


The STRT CNT instruction connects the TEST I input 
pin to the counter input and enables the counter. Note 
this instruction does not clear the counter. The counter 
is incremented on high to low transitions of the TEST 1 
input. The TEST I input must remain high for a mini- 
mum of one state in order to be registered (250 ns at 
12 MHz). The maximum count frequency is one count 
per three instruction 
cycles (267 kHz at 12 MHz). 


There is no minimum frequency limit. 
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The STRT T instruction connects the internal clock to 
the counter input and enables the counter. The input 
clock is derived from the SYNC ·signal of the internal 
oscillator and the divide-by-32 prescaler. The configu- 
ration is illustrated in Figure 2-13. Note this instruction 
does not clear the timer register. Various delays and 
timing sequences between 40 fLsecand 10.24 msec can 
easily be generated with a minimum of software timing 
loops (at 12 MHz). 


Times longer than 10.24 msec can be accurately mea- 
sured by accumulating multiple overflows in a register 
under software control. For time resolution less than 40 
J.tsec,an external clock can be applied to the TEST I 
counter input (see Event Counter Mode). The mini- 
mum time resolution with an external clock is 3.75 
fLsec(267 kHz at 12 MHz). 


The TEST 1 pin is multifunctional. It is automatically 
initialized as a test input by a RESET signal and can be 
tested using UPI-41A conditional branch instructions. 


In the second mode of operation, illustrated in Figure 
2-13, the TEST 1 pin is used as an input to the internal 


EXTERNAL 
INPUT 
JLTEST1 


8-bit event counter. The Start Counter (STRT CNT) 
instruction controls an internal switch which connects 
TEST I through an edge detector to the 8-bit internal 
counter. Note that this instruction does not inhibit the 
testing of TEST 1 via conditional Jump instructions. 


In the counter mode the TEST I input is sampled once 
per instruction cycle. After a high level is detected, the 
next occurrence of a low level at TEST I will cause the 
counter to increment by one. 


The event counter functions can be stopped by the Stop 
Timer/Counter 
(STOP TCNT) instruction. When this 
instruction is executed the TEST 1 pin becomes a test 
input and functions as previously described. 


There are two multifunction pins designated as Test 
Inputs, TEST 0 and TEST I. In the normal mode of 
operation, status of each of these lines can be directly 
tested using the following conditional Jump instruc- 
tions: 


• JTO 
• JNTO 


• JTI 
• JNTI 


Jump if TEST 0 = 1 
Jump if TEST 0 = 0 
Jumpif TEST 1 
1 
Jump if TEST 1 
0 
• 


The test imputs are TTL compatible. An external logic 
signal connected to one of the test inputs will be sam- 
pled at the time the appropriate conditional jump in- 
struction is executed. The path of program execution 
will be altered depending on the state of the external 
signal when sampled. 


The UPI-4IA/4IAH/42142AH 
has the following in- 
ternal interrupts: 
• Input Buffer Full (IBF) interrupt 
• Timer Overflow interrupt 


The IBF interrupt forces a CALL to location 3 in pro- 
gram memory; a timer-overflow interrupts 
forces a 


CALL to location 7. The IBF interrupt is enabled by 
the EN I instruction and disabled by the DIS I instruc- 
tion. The timer-overflow interrupt is enabled and dis- 
abled by the EN TNCTI and DIS TCNTI instructions, 
respectively. 


IBF 
INTERRUPT 
RECOGNIZED 


TIMER 
INTERRUPT 
RECOGNIZED 


IBF 
INTERRUPT 
REQUEST 


IBF 
INTERRUPT 
ENABLE 


TIMER 
INTERRUPT 
ENABLE 


Figure 2-14 illustrates the internal interrupt I~. 
An 


IBF interrupt request is generated whenever WR and 
CS are both low, regardless of whether interrupts are 
enabled. The interrupt request is cleared upon entering 
the IBF service routine only. That is, the DIS I instruc- 
tion does not clear a pending IBF interrupt. 


When the IBF interrupt is enabled and an IBF inter- 
rupt request occurs, an interrupt sequence is intiated as 
soon as the currently executing instruction is complet- 
ed. The following sequence occurs: 
• A CALL to location 3 is forced. 
• The program counter and bits 4-7 of the Program 


Status Word are stored in the stack. 


• The stack pointer is incremented. 


IBF 
INTERRUPT 
REQUEST 


IBF 
INTERRUPT 
ENABLE 


TIMER 
INTERRUPT 
REQUEST 


Figure 2-14. Interrupt 
Logic 
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Location 3 in program memory should contain an un- 
conditional jump to the beginning of the IBF interrupt 
service routine elsewhere in program memory. At the 
end of the service routine, an RETR (Return and Re- 
store Status) instruction is used to return control to the 
main program. This instruction will restore the pro- 
gram counter and PSW bits 4-7, providing automatic 
restoration 
of the previously active register bank as 
well. RETR also re-enables interrupts. 
.. 


A timer-overflow 
interrupt 
is enabled by the EN 
TCNTI instruction and disabled by the DIS TCNTI 
instruction. If enabled, this interrupt occurs when the 
timer/counter 
register overflows. A CALL to location 
7 is forced and the interrupt routine proceeds as de- 
scribed above. 


The interrupt service latency is the sum of current in- 
struction time, interrupt recognition time, and the in- 
ternal call to the interrupt vector address. The worst 
case latency time for servicing an interrupt is 7 clock 
cycles. Best case latency is 4 clock cycles. 


Interrupt inputs may be enabled or disabled under pro- 
gram control using EN I, DIS I, EN TCNTI and DIS 
TCNTI instructions. Also, a RESET input will disable 
interrupts. An interrupt request must be removed be- 
fore the RETR instruction is executed to return from 
the service routine, otherwise the processor .will re-en- 
ter the service routine immediately. Thus, the WR and 
CS inputs should not be held low longer than the dura- 
tion of the interrupt service routine. 


The interrupt system is single level. Once an interrupt 
is detected, all further interrupt requests are latched but 
are not acted upon until execution of an RETR instruc- 
tion re-enables the interrupt input logic. This occurs at 
the beginning of the second cycle of the RETR instruc- 
tion. If an IBF interrupt and a timer-overflow interrupt 
occur simultaneously, the IBF interrupt will be recog- 
nized first and the timer-overflow interrupt will remain 
pending until the end of the interrupt service routine. 


An external interrupt can be created using the UPI- 
4IA/4IAH/42/42AH 
timer/counter 
in 
the 
event 
counter mode. The counter is first preset to FFH and 
the EN TCNTI instruction is executed. A timer-over- 
flow interrupt is generated by the first high to low tran- 


sition of the TEST I input pin. Also, if an IBF interrupt 
occurs during servicing of the timer/counter 
interrupt, 
it will remain pending until the end of the service rou- 
tine. 


If needed, two external interrupts to the host system 
can be created using the EN FLAGS instruction. This 
instruction allocates two I/O lines on PORT 2 (P24 and 
P2S). P24 is the Output Buffer Full interrupt request 
line to the host system; P2S is the Input Buffer empty 
interrupt request line. These interrupt outputs reflect 
the internal status of the OBF flag and the IBF inverted 
flag. Note, these outputs may be inhibited by writing a 
"0" to these pins. Reenabling interrupts 
is done by 
writing a "I" to these port pins. Interrupts are typically 
enabled after power on since the 110 ports are set in a 
"I" condition. The EN FLAG's effect is only cancelled 
by a device RESET. 


DMA handshaking controls are available from two 
pins on PORT 2 of the UPI-4IA/4IAH/42142AH 
mi- 
crocomputer. These lines (P26 and P27) are enabled by 
the EN DMA instruction. P26 becomes DMA request 
(DRQ) and P27 becomes DMA acknowledge (DACK). 
The UPI program initiates a DMA request by writing a 
"1" to P26. The DMA controller transfers the data into 
the DBBIN data register using DACK which acts as a 
chip select. The EN DMA instruction can only be can- 
celled by a chip RESET. 


The RESET input provides a means for internal initiali- 
zation of the processor. An automatic 
initialization 
pulse can be generated at power-on by simply connect- 
ing a I JA-fdcapacitor between the RESET input and 
ground as shown in Figure 2-15. It has an internal 
pull-up resistor to charge the capacitor and a Schmitt- 
trigger circuit to generate a clean transition. A 2-stage 
synchronizer has been added to support reliable opera- 
tion up to 12.5 MHz. 


If automatic initialization is used, RESET should be 
held low for at least 10 milliseconds to allow the power 
supply to stabilize. If an external RESET signal is used, 
RESET may be held low for a minimum of 8 instruc- 
tion cycles. Figure 2-15 illustrates a configuration using 
an external TTL gate to generate the RESET input. 
This configuration can be used to derive the RESET 
signal from the 8224 clock generator in an 8080 system. 
• 
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The RESET input performs the followingfunctions: 
• Disables Interrupts 
• Clears Program Counter to Zero 
• Clears Stack Pointer 
• Clears Status Register and Flags 
• Clears Timer and Timer Flag 
• Stops Timer 
• Selects Register Bank 0 
• Sets PORTS I and 2 to Input Mode 


Two 8-bit data bus butTer registers, DBBIN and 
DBBOUT, serve as temporary butTersfor commands 
and data flowing between it and the master processor. 
Externally, data is transmitted or receivedby the DBB 
registers upon execution of an INput or OUTput in- 
struction by the master processor. Four control signals 
are used: 
• Ao 
Address input signifyingcontrol or data 
• CS 
Chip Select 
• RD Read Strobe 
• WR Write Strobe 


Transfer can be implemented with or without UPI pro- 
gram interference by enabling or disabling an internal 
UPI interrupt. Internally, data transfer between the 
DBB and the UPI accumulator is under software con- 


trol and is completely asynchronous to the external 
processor timing. This allows the UPI software to han- 
dle peripheral control tasks independent of the main 
processor while still maintaining a data interface with 
the master system. 


Figure 2-16 illustrates the internal configuration of the 
DBB registers. Data is stored in two 8-bit butTerregis- 
ters, DBBIN and DBBOUT. DBBIN and DBBOUT 
may be accessed~ 
the external processor using the 
WR line and the RD line, respectively.The data bus is 
a bidirectional, three-state bus which can be connected 
directly to an 8-bit microprocessor system. Four con- 
trollines (WR, RD, CS, Ao) are used by the external 
processor to transfer data to and from the DBBIN and 
DBBOUT registers. 


An 8-bit register containing status flags is used to indi- 
cate the status of the DBB registers. The eight status 
flags are defined as follows: 
• OBF Output Buffer Full 
This flag is automatically set when the UPI-Micro- 
computer loads the DBBOUT register and is cleared 
when the master processor reads the data register. 


• IBF Input Buffer Full 
This flag is set when the master processor writes a 
character to the DBBIN register and is cleared 
when the UPI INputs the data register contents to 
its accumulator. 


inter 
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• 
FO 
This is a general purpose flag which can be cleared 
or toggled under UPI software control. The flag is 
used to transfer UPI status information to the mas- 
ter processor. 


• F1 Command/Data 
This flag is set to the condition of the Ao input line 
when the master processor writes a character to the 
data register. The FI flag can also be cleared or tog- 
gled under UPI-Microcomputer program control. 


• ST4 through ST7 
These bits are user defined status bits. They are de- 
fined by the MOY STS,A instruction. 


Figure 2-17 illustrates how a UPI-Microcomputer can 
be connected to a standard 8080-typebus system. Data 
lines Do- D7 form a three-state, bidirectional port 
which can be connected directly to the system data bus. 
The UPI bus interface has sufficient drive capability 
(400 /LA)for small systems, however, a larger system 
may require butTers. 


Four control signals are required to handle the data 
and status information transfer: 
• WR 
I/O WRITE signal used to transfer data from the 
system bus to the UPI DBBIN register and set the 
FI flag in the status register. 


• RD 
110 READ signal used to transfer data from the 
DBBOUT register or status register to the system 
data bus. 


• CS 
CHIP SELECT signal used to enable one 8041AH 
out of several connected to a common bus. 


·Ao 
Address input used to select either the 8-bit status 
register or DBBOUT register during an I/O READ. 
Also, the signal is used to set the FI flag in the 
status register during an 110 WRITE. 


The WR and RD signals are active low and are stan- 
dard MCS-80 peripheral control signals used to syn- • 
chronize data transfer between the system bus and pe- 
I 
ripheral devices. 


The CS and Ao signals are decoded from the address 
bus of the master system. In a system with few I/O 
devices a linear addressing configuration can be used 
where Ao and AI lines are conneCteddirectly to Ao and 
CS inputs (see Figure 2-17). 


Table 2-4 illustrates the relative timing of a DBBOUT 
Read. When CS, Ao, and RD are low, the contents of 
the DBBOUT register is placed on the three-state Data 
lines Do-D7 and the OBF flag is cleared. 


The master processor uses CS, Ao, WR, and RD to 
control data transfer between the DBBOUT register 
and the master system. The following operations are 
under master processor control: 
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Do-D7 
AO 
CS 
AD 
WR 
RESET 
XTAL 1 
XTAL 2 


UPl-41A1~1AH/WUAH 


PORT 1 
PORT 2 
TEST1 
TEST 0 


8 
8 


CS 
RD 
WR 
Ao 


0 
0 
1 
0 
Read DB BOUT register 
0 
0 
1 
1 
Read STATUS 
register 
0 
1 
0 
0 
Write DBBIN data register 
0 
1 
0 
1 
Write DBBIN command 
register 
1 
x 
x 
x 
Disable DBB 


Table 2-4 shows the logic ssuence~quired 
for a 


STATUS register read. When CS and RD are low with 
Ao high, the contents of the 8-bit status register appears 
on Data lines 00-07. 


Table 2-4 shows the sequence for wri~ 
information 


to the DBBIN register. When CS and WR are low, the 
contents of the system data bus is latched into DBBIN. 
Also, the IBF flag is set and an interrupt is generated, if 
enabled. 


During any write (Table 2-4), the state of the Ao input 
is latched into the status register in the Fl (command/ 
data) flag location. This additional bit is used to signal 
whether DBBIN contents are command (Ao = I) or 
data (Ao = 0) information. 


The UPI-4IA/4IAH/42/42AH 
has 16 lines for input 


and output functions. These I/O lines are grouped as 
two 8-bit TTL compatible ports: PORTS I and 2. The 
port lines can individually function as either inputs or 
outputs under software control. In addition, the lower 4 
lines of PORT 2 can be used to interface to an 8243 I/O 
expander device to increase I/O capacity to 28 or more 
lines. The additional lines are grouped as 4-bit ports: 
PORTS 4, 5, 6, and 7. 


PORTS I and 2 are each 8 bits wide and have the same 
I/O characteristics. Data written to these ports by an 
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OUTL PI',A instruction is latched and remains un- 
changed until it is rewritten. Input data is sampled at 
the time the IN, A, PI' instruction is executed. There- 
fore, input data must be present at the PORT until read 
by an INput instruction. PORT I and 2 inputs are fully 
TIL 
compatible and outputs will drive one standard 
TIL load. 


The PORT I and 2 lines have a special output structure 
(shown in Figure 2-18) that allows each line to serve as 
an input, an output, or both, even though outputs are 
statically latched. 


Each line has a permanent high impedance pull-up (50 
KO) which is sufficient to provide source current for a 
TIL 
high level, yet can be pulled low by a standard 
TIL gate drive. Whenever a "I" is written to a line, a 
low impedance pull-up (5K) is switched in momentari- 
ly (500 ns) to provide a fast transition from 0 to I. 
When a "0" is written to the line, a low impedance 
pull-down (3000) 
is active to provide TIL 
current 
sinking capability. 


To use a particular PORT pin as an input, a logic "I" 
must first be written to that pin. 


NOTE: 
A RESET initializes all PORT pins to the high im- 
pedance logic "I" state. 


An external TIL device connected to the pin has suffi- 
cient current sinking capability to pull-down the pin to 
the low state. An IN A, PI' instruction will sample the 
status of PORT pin and will input the proper logic 
level. With no external input connected, the IN A,Pp 
instruction inputs the previous output status. 


This structure allows input and output information on 
the same pin and also allows any mix of input and 
output lines on the same port. However, when inputs 
and outputs are mixed on one PORT, a PORT write 
will cause the strong internal pull··upsto turn on at all 
inputs. If a switch or other low impedance device is 
connected to an input, a PORT write ("I" to an input) 
could cause current limits on internal lines to be ex- 
ceeded. Figure 2-19 illustrates the recommended con- 
nection when inputs and outputs are mixed on one 
PORT. 


The bidirectional port structure 
in combination with 
the UPI-4IA/4IAH/42/42AH 
logical AND and OR 
instructions provide an efficient means for handling sin- 
gle line inputs and outputs within an 8-bit processor. 


By using an 8243 I/O expander, 16additional 110 lines 
can be connected to the UPI-4IAH, 42AH and directly 
addressed as 4-bit I/O ports using UPI-4IAH, 
42AH 


1U~U U•••UUU~. 
UllS leawre saves program space and de- 
sign time, and improves the bit handling capability of 
the UPI-41A/41AH/42/42AH. 


The lower half of PORT 2 provides an interface to the 
8243 as illustrated in Figure 2-20. The PROG pin is 
used as a strobe to clock address and data information 
via the PORT 2 interface. The extra 16 I/O lines are 
referred to in UPI software as PORTS 4, 5, 6, and 7. 
Each PORT 
can be directly addressed and can be 
ANDed and ORed with an immediate data mask. Data 
can be moved directly to the accumulator from the ex- 
pander PORTS (or vice-versa). 


The 8243 I/O ports, PORTS 4, 5, 6, and 7, provide 
more drive capability than the UPI-41A/41AH/42/ 
42AH bidirectional ports. The 8243 output is capable 
of driving about 5 standard TTL loads. 


Multiple 8243's can be connected to the PORT 2 inter- 
face. In normal operation, only one of the 8243's would 
be active at the time an Input or Output command is 
executed. The upper half of PORT 2 is used to provide 
chip select signals to the 8043's. Figure 2-21 shows how 
four 8243's could be connected. Software is needed to 
select and set the proper PORT 2 pin before an INPUT 
or OUTPUT command to PORTS 4-7 is executed. In 
general, the software overhead required is very minor 
compared to the added flexibility of having a large 
number of I/O pins available. 
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CHAPTER 3 
INSTRUCTION 
SET 


The UPI-4IA/4IAH/42/42AH 
Instruction Set is op- 


code-compatible with the MCS-48 set except for the 
elimination of external program and data memory in- 
structions and the addition of the data bus butTer in- 
structions. It is very straightforward and efficient in its 
use of program memory. All instructions are either I or 
2 bytes in length (over 70% are only I byte long) and 
over half of the instructions execute in one machine 
cycle. The remainder require only two cycles and in- 
clude Branch, Immediate, and I/O operations. 


The UPI-4IA/4IAH/42/42AH 
Instruction 
Set effi- 


ciently handles the single-bit operations required in 
control applications. Special instructions allow port bits 
to be set or cleared individually. Also, any accumulator 
bit can be directly tested via conditional branch instruc- 
tions. Additional instructions are included to simplify 
loop 
counters, 
table 
look-up 
routines 
and 
N-way 


branch routines. 


The UPI-4IA/4IAH/42/42AH 
Microcomputer 
han- 
dles arithmetic operations in both binary and BCD for 
efficient interface to peripherals such as keyboards and 
displays. 


The instruction set can be divided into the following 
groups: 


• Data Moves 
• Accumulator Operations 


• Flags 
• Register Operations 
• Branch Instructions 
• Control 


• Timer Operations 
• Subroutines 
• Input/Output 
Instructions 


Data Moves 
(See Instruction 
Summary) 


The 8-bit accumulator is the control point for all data 
transfers within the UPI-4IA/4IAH/42/42AH. 
Data 


can be transferred between the 8 registers of each work- 
ing register bank and the accumulator 
directly (i.e., 


with a source or destination register specified by 3 bits 
in the instruction). 
The remaining locations in the 
RAM array are addressed either by Ro or Rl of the 
active register bank. Transfers to and from RAM re- 
quire one cycle. 


Constants stored in Program Memory can be loaded 
directly into the accumulator or the eight working reg- 
isters. Data can also be transferred directly between the 


accumulator 
and 
the 
on-board 
timer/counter, 
the 


Status Register (STS), or the Program Status Word 
(PSW). Transfers to the STS register alter bits 4-7 
only. Transfers to the PSW alter machine status ac- 
cordingly and provide a means of restoring status after 
an interrupt or of altering the stack pointer if necessary. 


Immediate data, data memory, or the working registers 
can be added (with or without carry) to the accumula- 
tor. These sources can also be ANDed, ORed, or exclu- 
sive ORed to the accumulator. Data may be moved to 
or from the accumulator and working registers or data 
memory. The two values can also be exchanged in a 
single operation. 


The lower 4 bits of the accumulator can be exchanged 
with the lower 4 bits of any of the internal RAM loca- 
tions. This operation, along with an instruction which 
swaps the upper and lower 4-bit halves of the accumu- 
lator, provides easy handling of BCD numbers and 
other 4-bit quantities. To facilitate BCD arithmetic a 
Decimal 
Adjust 
instruction 
is also included. 
This 


instruction is used to correct the result of the binary 
addition of two 2-digit BCD numbers. Performing a 
decimal adjust on the result in the accumulator produc- 
es the desired BCD result. 


The accumulator 
can be incremented, 
decremented, 


cleared, or complemented and can be rotated left or 
right I bit at a time with or without carry. 


A subtract operation can be easily implemented in UPI 
software using three single-byte, single-cycle instruc- 
tions. A value can be subtracted from the accumulator 
by using the following instructions: 


• Complement the accumulator 
• Add the value to the accumulator 
• Complement the accumulator 


There are four user accessible flags: 


• Carry 
• Auxiliary Carry 


• 
FO 
• FI 


1:be Carry flag indicates overflow of the accumulator, 
while the Auxiliary Carry flag indicates overflow be- 
tween BCD digits and is used during decimal adjust 


inter 


operations. Both Carry and Auxiliary Carry are part of 
the Program Status Word (PSW) and are stored in the 
stack during subroutine calls. The Fo and FI flags are 
general-purpose flags which can be cleared or comple- 
mented by UPI instructions. FO is accessible via the 
Program Status Word and is stored in the stack with 
the Carry flags. F 1reflects the condition of the Ao line, 
and caution must be used when setting or clearing it. 


The working registers can be accessed via the accumu- 
lator as explained above, or they can be loaded with 
immediate data constants from program memory. In 
addition, they can be incremented or decremented di- 
rectly, or they can be used as loop counters as explained 
in the section on branch instructions. 


Additional 
Data Memory locations can be accessed 
with indirect instructions via Ro and R I. 


The 
UPI-4IA/4IAH/42/42AH 
Instruction 
Set in- 
cludes 17 jump instructions. The unconditional allows 
jumps anywhere in the IK words of program memory. 
All other jump instructions are limited to the current 
page (256 words) of program memory. 


Conditional jump instructions can test the following in- 
puts and maching flags: 


• TEST 0 input pin 
• TEST I input pin 
• Input Buffer Full flag 
• Output Buffer Full flag 


• Timer flag 
• Accumulator zero 
• Accumulator bit 
• Carry flag 


• FOflag 
• FI flag 


The conditions tested' by these instructions 
are the 
instantaneous values at the time the conditional jump 
instruction is executed. For instance, the jump on accu- 
mulator zero instruction tests the accumulator itself, 
not an intermediate flag. 


The decrement register and jump if not zero (DJNZ) 
instruction combines decrement and branch operations 


in a single instruction which is useful in implementing a 
loop counter. This instruction can designate any of the 
8 working registers as a counter and can effect a branch 
to any address within the current page of execution. 


A special indirect jump instruction (JMPP @A) allows 
the program to be vectored to anyone of several differ- 
ent locations based on the contents of the accumulator. 
The contents of the accumulator point to a location in 
program memory which contains the jump address. As 
an example, this instruction could be used to vector to 
anyone of several routines based on an ASCII charac- 
ter which has been loaded into the accumulator. In this 
way, ASCII inputs can be used to initiate various rou- 
tines. 


The UPI-4IA/4IAH/42/42AH 
Instruction Set has six 
instructions 'for control of the DMA, interrupts, and 
selection of working registers banks. 


The UPI-4IA/4IAH/42142AH 
provides two instruc- 
tions for control of the external microcomputer system. 
IBF and OBF flags can be routed to PORT 2 allowing 
interrupts of the external processor. DMA handshaking 
signals can also be enabled using lines from PORT 2. 


The IBF interrupt can be enabled and disabled using 
two instructions. Also, the interrupt is automatically 
disabled following a RESET input or during an inter- 
rupt service routine. 


The working register bank switch instructions allow the 
programmer to immediately substitute a second 8 regis- • 
ter bank for the one in use. This effectively provides 
either 16 working registers or the means for quickly 
• 
saving the contents of the first 8 registers in response to 
an interrupt. The user has the option of switching regis- 
ter banks when an interrupt occurs. However, if the 
banks are switched, the original bank will automatically 
be restored upon execution of a return and restore 
status (RETR) instruction at the end of the interrupt 
service routine. 


The 8-bit on-board timer/counter 
can be loaded or read 
via the accumulator while the counter is stopped or 
while counting. 


The counter can be started as a timer with an internal 
clock source or as an event counter or timer with an 
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external clock applied to the TEST I pin. The instruc- 
tion executed determines which clock source is used. A 
single instruction stops the counter whether it is operat- 
ing with an internal or an external clock source. In 
addition, two instructions allow the timer interrupt to 
be enabled or disabled. 


Subroutines are entered by executing a call instruction. 
Calls can be made to any address in the IK word pro- 
gram memory. Two separate return instructions deter- 
mine whether or not status (i.e., the upper 4 bits of the 
PSW) is restored upon return from a subroutine. 


Two 
8-bit data 
bus butTer registers 
(DBBIN 
and 
DBBOUT) and an 8-bit status register (STS) enable the 
UPI-4IA 
universal peripheral interface to communi- 
cate with the external microcomputer system. Data can 
be INputted from the DBBIN register to the accumula- 
tor. Data can be OUTputted from the accumulator to 
the DBBOUT register. 


The 
STS register 
contains 
four user-definable bits 
(ST4-ST7) plus four reserved status bits (IBF, OBF, Fa 
and F 1). The user-definable bits are set from the accu- 
mulator. 


The 
UPI-4IA/4IAH/42142AH 
peripheral 
interface 
has two 8-bit static I/O ports which can be loaded to 
and 
from 
the 
accumulator. 
Outputs 
are statically 
latched but inputs to the ports are sampled at the time 
an IN instruction is executed. In addition, immediate 
data from program memory can be ANDed and ORed 
directly to PORTS I and 2 with the result remaining on 
the port. This allows "masks" stored in program mem- 
ory to be used to set or reset individual bits on the I/O 
ports. PORTS I and 2 are configured to allow input on 
a given pin by first writing a "I" to the pin. 


Four additional 4-bit ports are available through the 
8243 I/O expander device. The 8243 interfaces to the 


UPI-4IA/4IAH/42142AH 
peripheral 
interface 
via 
four PORT 2 lines which form an expander bus. The 
8243 ports have their own AND and OR instructions 
like the on-board ports, as well as move instructions to 
transfer data in or out. The expander AND or OR in- 
structions, however, combine the contents of the accu- 
mulator with the selected port rather than with imme- 
diate data as is done with the on-board ports. 


The following section provides a detailed description of 
each UPI instruction and illustrates how the instruc- 
tions are used. 


For further information about programming the UPI, 
consult the 8048/8041AH Assembly Language Manual. 


Symbol 
Definition 


A 
Accumulator 
C 
Carry 
DBBIN 
Data Bus Buffer Input 
DB BOUT Data Bus Buffer Output 


Fa, F1 
FLAG 0, FLAG 1 (C/O flag) 
I 
Interrupt 
P 
Mnemonic 
for "in-page" 
operation 
PC 
Program Counter 
Pp 
Port designator 
(p = 1, 2, or 4- 7) 
PSW 
Program Status Word 
Rr 
Register designator 
(r = 0-7) 
SP 
Stack Pointer 
STS 
Status register 
T 
Timer 
TF 
Timer Flag 


To, T1 
TEST 0, TEST 1 
# 
Immediate 
data prefix 
@ 
Indirect address 
prefix 
(()) 
Double parentheses 
show the effect of @, 
that is @RO is shown as ((RO)). 


() 
Contents 
of 


inter 


Mnemonic 
Description 
Bytes 
Cycle 


ACCUMULATOR 
ADD A, Rr 
Add register to A 
1 
1 
ADD A, @Rr 
Add data memory 
to A 
1 
1 
ADD A, #data 
Add immediate 
to A 
2 
2 
ADDCA, 
Rr 
Add register 
to A with carry 
1 
1 
ADDCA,@Rr 
Add data memory 
to A 
with carry 
1 
1 
ADDCA, 
Add immediate 
to A 
# data 
with carry 
2 
2 
ANLA, 
Rr 
And register to A 
1 
1 
ANLA,@Rr 
And data memory 
to A 
1 
1 
ANLA, 
#data 
And immediate 
to A 
2 
2 
ORLA, 
Rr 
Or register 
to A 
1 
1 
ORLA, 
@Rr 
Or data memory to A 
1 
1 
ORLA, 
#data 
Or immediate 
to A 
2 
2 
XRLA, 
Rr 
Exclusive 
Or 
register 
to A 
1 
1 
XRLA,@Rr 
Exclusive 
Or data 
memory to A 
1 
1 
XRLA, 
#data 
Exclusive 
Or 
immediate 
to A 
2 
2 


INCA 
IncrementA 
1 
1 
DECA 
Decrement 
A 
1 
1 
CLRA 
Clear A 
1 
1 
CPLA 
Complement 
A 
1 
1 
DAA 
Decimal 
Adjust A 
1 
1 
SWAP A 
Swap nibbles of A 
1 
1 
RLA 
Rotate A left 
1 
1 
RLCA 
Rotate A left 
through 
carry 
1 
1 
RRA 
Rotate A right 
1 
1 
RRCA 
Rotate A right 
through 
carry 
1 
1 


INPUT/OUTPUT 
INA, 
Pp 
Input port to A 
1 
2 
OUTLPp, 
A 
Output A to port 
1 
2 
ANL Pp, #data 
And immediate 
to port 
2 
2 
ORL Pp, #data 
Or immediate 
to port 
2 
2 
INA,DBB 
Input DDB to A, clear IBF 
1 
1 
OUTDBB,A 
Output A to DBB, Set OBF 
1 
1 
MOYSTS,A 
A4-A7 
to bits 4-7 
of status 
1 
1 
MOYDA,Pp 
Input Expander 
port to A 
1 
2 
MOYDPp,A 
Output A to Expander 
port 
1 
2 
ANLD 
Pp,A 
And A to Expander 
port 
1 
2 
ORLD Pp,A 
Or A to Expander 
port 
1 
2 


DATA 
MOVES 
MOYA, 
Rr 
Move register 
to A 
1 
1 
MOYA,@Rr 
Move data memory to A 
1 
1 
MOYA, 
#data 
Move immediate 
to A 
2 
2 
MOYRr,A 
Move A to register 
1 
1 
MOY@Rr,A 
Move A to data memory 
1 
1 
MOY Rr, #data 
Move immediate 
to register 
2 
2 
MOY@Rr, 
Move immediate 
to 
# data 
data memory 
2 
2 
MOYA,PSW 
MovePSWtoA 
1 
1 
MOYPSW,A 
MoveAtoPSW 
1 
1 
XCHA, 
Rr 
Exchange 
A and registers 
1 
1 
XCH A,@Rr 
Exchange 
A and 
data memory 
1 
1 
XCHDA, 
Exchange 
digit of A 


@Rr 
and register 
1 
1 


Mnemonic 
Description 
Bytes 
Cycle 


DATA MOVES 
(Continued) 
MOYPA,@A 
Move to A from current 
page 
1 
2 
MOYP3A, 
Move to A from page 3 
1 
2 
@A 


TIMER/COUNTER 
MOYA,T 
Read Timer/Counter 
1 
1 
MOYT,A 
Load Timer/Counter 
1 
1 
STRTT 
Start Timer 
1 
1 
STRTCNT 
Start Counter 
1 
1 
STOP TCNT 
Stop Timer/Counter 
1 
1 
EN TCNTI 
Enable Timer/Counter 
1 
1 
DISTCNTI 
Disable Timer/Counter 
1 
1 
Interrupt 


CONTROL 
EN DMA 
Enable 
DMA Handshake 
Lines 
1 
1 
ENI 
Enable 
IBF interrupt 
1 
1 
DISI 
Disable 
IBF interrupt 
1 
1 
EN FLAGS 
Enable 
Master 
Interrupts 
1 
1 
SEL MBO 
Select 
memory 
bank 0 
1 
1 
SEL MB1 
Select 
memory 
bank 1 
1 
1 
SELRBO 
Select 
register 
bank 0 
1 
1 
SEL RB1 
Select register 
bank 1 
1 
1 
NOP 
No Operation 
1 
1 


REGISTERS 
INCRr 
Increment 
register 
1 
1 
INC@Rr 
Increment 
data memory 
1 
1 
DEC Rr 
Decrement 
register 
1 
1 


SUBROUTINE 
CALLaddr 
Jump to subroutine 
2 
2 
RET 
Return 
1 
2 
RETR 
Return and restore 
status 
1 
2 


FLAGS 
CLRC 
Clear Carry 
1 
1 
CPLC 
Complement 
Carry 
1 
1 
CLR FO 
Clear Flag 0 
1 
1 
CPLFO 
Complement 
Flag 0 
1 
1 
CLR F1 
Clear F1 Flag 
1 
1 
CPLF1 
Complement 
F1 Flag 
1 
1 


BRANCH 
JMP addr 
Jump unconditional 
2 
2 
JMPP@A 
Jump indirect 
1 
2 
DJNZ Rr, 
Decrement 
register 
addr 
and jump on non-zero 
2 
2 
JCaddr 
Jump on Carry = 1 
2 
2 
JNCaddr 
Jump on Carry = 0 
2 
2 
JZ addr 
Jump on A zero 
2 
2 
JNZ addr 
Jump on A not zero 
2 
2 
JTO addr 
JumponTa 
= 1 
2 
2 
JNTO addr 
Jump on Ta = 0 
2 
2 
JT1 addr 
JumponT1 
= 1 
2 
2 
JNT1 addr 
JumponT1 
= 0 
2 
2 
JFO addr 
Jump on Fa Flag = 1 
2 
2 
JF1 addr 
Jump on F1 Flag = 1 
2 
2 
JTF addr 
Jump on Timer Flag = 1 
2 
2 
JNIBF addr 
Jump on IBF Flag = 0 
2 
2 
JOBFaddr 
Jump on OBF Flag = 1 
2 
2 
JBb addr 
Jump on Accumulator 
Bit 
2 
2 


ADD A,Rr 
Add Register 
Contents 
to Accumulator 


Opcode: 
I 0 1 1 0 I 1 f2 f1 fO I 


The contents of register 'r' are added to the accumulator. Carry is affected. 
(A) ~ 
(A) + (Rr) 
r = 0-7 


;ADD REG 6 CONTENTS 
;TOACC 


ADD A,@Rr 
Add Data Memory 
Contents 
to Accumulator 


Opcode: 
I 0 1 1 0 I 0 0 0 
f I 


The contents of the standard data memory location address by register 'r' bits 0-5 are added 
to the accumulator. Carry is affected. 


(A) ~ 
(A) + «Rr» 


Example: 
ADDM: MOV RO,#47 
ADDA,@RO 


r = 0-1 


;MOVE 47 DECIMAL TO REG 0 
;ADD VALUE OF LOCATION 
;47 TO ACC 


Opcode: 
I 0 0 0 0 I 0 0 1 1 I • I d7 de 
ds 
d4 I d3 d2 d1 do I 


This is a 2-cycle instruction. The specified data is added to the accumulator. Carry is affected. 
(A) ~ 
(A) + data 


;ADD VALUE OF SYMBOL 
;ADDER' TO ACC 


ADDC A,Rr 
Add Carry and Register 
Contents 
to Accumulator 


Opcode: 
I 0 1 1 1 I 1 f2 f1 fO I 


The content of the carry bit is added to accumulator location o. The contents of register 'r' are 
then added to the accumulator. Carry is affected. 
(A) ~ 
(A) + (Rr) + (C) 
r = 0-7 


;ADD CARRY AND REG 4 
;CONTENTS TO ACC 


Opcode: 
I 0 1 1 1 I 0 0 0 r I 


The content of the carry bit is added to accumulator location O. Then the contents of the 
standard data memory location addressed by register 'r' bits 0-5 are added to the accumula- 
tor. Carry is affected. 
(A) +- (A) + «Rr» 
+ (C) 
r = 0-1 


Example: 
ADDMC: MOY RI,#4O 
ADDCA,@RI 
;MOY '40' DEC TO REG I 
;ADD CARRY AND LOCATION 40 
;CONTENTS TO ACC 


ADDC A, # data 
Add Carry and Immediate 
Data to Accumulator 


Opcode: 
I 0 0 0 1 I 0 0 1 1 I • I d7 ds ds d4 I d3 d2 d1 do I 


This is a 2-cyc1einstruction. The content of the carry bit is added to accumulator location O. 
Then the specifieddata is added to the accumulator. Carry is affected. 
(A) +- (A) + data + (C) 


;ADD CARRY AND '225' DEC 
;TOACC 


ANL A,Rr 
Logical AND Accumulator 
With Register 
Mask 


Opcode: 
I 0 1 0 1 I 1 r2 r1 ro I 


Data in the accumulator is logically ANDed with the mask contained in working register 'r'. 
(A) +- (A) AND (Rr) 
r = 0-7 


Example: 
ANDREG: ANL A,R3 
;'AND' ACC CONTENTS WITH MASK 
;MASK IN REG 3 


ANL A,@Rr 
Logical AND Accumulator 
With Memory 
Mask 


Opcode: 
101011000rj 


Data in the accumulator is logically ANDed with the mask contained in the data memory 
location referenced by register 'r', bits 0-5. 
(A) +- (A) AND «Rr» 
\ 
r = 0-1 


Example: 
ANDDM: MOY RO,#OFFH 
ANL A,#OAFH 
MOY 'FF' HEX TO REG 0 
;'AND' ACC CONTENTS WITH 
;MASK IN LOCATION 63 
• 


ANL A,# data 
Logical AND Accumulator 
With Immediate 
Mask 


Opcode: 
I 0 1 0 1 I 0 0 1 1 I • I d7 d6 ds d4 I d3 d2 d1 do I 


This is a 2-cycle instruction. Data in the accumulator is logically ANDed with an immediate- 
ly-specified mask. 
(A) +- (A) AND data 


;'AND' ACC CONTENTS 
;WITH MASK 10101111 
;'AND' ACC CONTENTS 
;WITH VALUE OF EXP 
'3 + X/Y' 


ANL PP,#data 
Logical AND PORT 1-2 
With Immediate 
Mask 


Opcode: 
I 1 0 0 1 I 1 0 P1 Po I • I d7 d6 ds d4 I d3 d2 d1 do I 


This is a 2-cycle instruction. Data on the port 'p' is logically ANDed with an immediately- 
specified mask. 
(Pp) +- (Pp) AND data 
p = 1-2 


Note: 
Bits 0-1 of the opcode are used to represent PORT I and PORT 2. If you are coding in binary 
rather than assembly language, the mapping is as follows: 


Bits 
p1 
pO 
Port 


0 
0 
X 
0 
1 
1 
1 
0 
2 
1 
1 
X 


;'AND' PORT 2 CONTENTS 
;WITH MASK'FO' HEX 
;(CLEAR P20-23) 


ANLD Pp,A Logical AND Port 4-7 
With Accumulator 
Mask 


Opcode: 
I 1 0 0 1 I 1 1 P1 Po I 


This is a 2-cycle instruction. Data on port 'p' on the 8243 expander is logically ANDed with 
the digit mask contained in accumulator bits 0-3. 
(Pp) +- (Pp) AND (AO-3) 
p = 4-7 


P1 
PO 
Port 


0 
0 
4 
0 
1 
5 
1 
0 
6 
1 
1 
7 


;'AND' PORT 4 CONTENTS 
;WITH ACC BITS 0-3 


intJ 


CALL address 
Subroutine Call 


Opcode: 
I 0 ag as 1 I 0 1 0 0 I • 1 a7 aa as 114 I a3 a2 a1 ao I 


This is a 2-cycle instruction. The program counter and PSW bits 4- 7 are saved in the stack. 
The stack pointer (PSW bits 0-2) is updated. Program control is then passed to the location 
specified by 'address'. 
Execution continues at the instruction following the CALL upon return from the subroutine. 
«SP» 
+- (PC), (PSW4_7) 
(SP) +- (SP) + I 
(PCS-9) +- (addrS_9) 
(PCo-7) +- (addro_7) 


Example: 
Add three groups of two nlimbers. Put subtotals in locations 50, 51 and total in location 52. 


MOY RO,II 50 
;MOYE '50' DEC TO ADDRESS 
;REGO 
BEGADD: 
MOY A,RI 
;MOVE CONTENTS OF REG I 
;TOACC 
ADD A,R2 
;ADD REG 2 TO ACC 
CALL SUBTOT 
;CALL SUBROUTINE 'SUBTOT' 
ADD A,R3 
;ADD REG 3 TO ACC 
ADD A,R4 
;ADD REG 4 TO ACC 
CALL SUBTOT 
;CALL SUBROUTINE 'SUBTOT' 
ADD A,R5 
;ADD REG 5 TO ACC 
ADD A,R6 
;ADD REG 6 TO ACC 
CALL SUBTOT 
;CALL SUBROUTINE 'SUBTOT' 


;MOYE CONTENTS OF ACC TO 
;LOCATION ADDRESSED BY 
;REGO 
;INCREMENT REG 0 
;RETURN TO MAIN PROGRAM 
INC RO 
RET 


Opcode: 
10010101111 


The contents of the accumulator are cleared to zero. 
(A) 
+- 
OOH 


CLR C 
Clear Carry Bit 


Opcode: 
11001101111 


During normal program execution, the carry bit can be set to one by the ADD, ADDC, RLC, 
CPLC, RRC, and DAA instructions. This instruction resets the carry bit to zero. 
(C) +- 
0 


CLR F1 
Clear Flag 1 


Opcode: 
1 1 0 1 0 1 0 1 0 1 


The F I flag is cleared to zero. 
(FI) +- 0 


inter 


CLR FO Clear Flag 0 


Opcode: 
11000101011 


Fo flag is cleared to zero. 
(Fo) ~ 
0 


CPL A 
Complement Accumulator 


Opcode: 
10011101111 


The contents of the accumulator are complemented. This is strictly a one's complement. Each 
one is changed to zero and vice-versa. 
(A) ~ 
NOT (A) 


Example: 
Assume accumulator contains 01101010. 
CPLA: CPL A 
;ACC CONTENTS ARE COMPLE- 
;MENTED TO 10010101 


CPL C 
Complement Carry Bit 


Opcode: 
11010101111 


The setting of the carry bit is complemented; one is changed to zero, and zero is changed to 
one. 
(C) ~ 
NOT (C) 


Example: 
Set C to one; current setting is unknown. 
CTOl: CLR C 
;C IS CLEARED TO ZERO 
CPL C 
;C IS SET TO ONE 


Opcode: 
I 1 0 0 1 1 0 1 0 1 I 


The setting of Flag 0 is complemented; one is changed to zero, and zero is changed to one. 
Fo ~ 
NOT (FO) 


CPL F1 
Complement Flag 1 


Opcode: 
11011101011 


The setting of the FI Flag is complemented; one is changed to zero, and zero is changed to 
one. 
(FI) 
~ 
NOT (FI) 


inter 


DA A 
Decimal Adjust Accumulator 


Opcode: 
I 0 1 0 1 I 0 1 1 1 I 


The 8-bit accumulator 
value is adjusted 
to form two 4-bit Binary 
Coded 
Decimal 
(BCD) 
digits 
following 
the binary 
addition 
of BCD numbers. 
The carry 
bit C is affected. 
If the contents 
of 
bits 0-3 
are greater 
than 
nine, or if AC is one, the accumulator 
is incremented 
by six. 


The four high-order 
bits are then checked. 
If bits 4- 7 exceed nine, or if C is one, these bits are 
increased 
by six. If an overflow 
occurs, 
C is set to one; otherwise, 
it is cleared 
to zero. 


Assume 
accumulator 
contains 
9AH. 
DA 
A 
C 
AC 
o 
0 


;ACC ADJUSTED 
TO OIH with C set 
ACC 
9AH 
INITIAL 
CONTENTS 
06H 
ADD 
SIX TO LOW DIGIT 
AlH 
60H 
ADD 
SIX TO HIGH 
DIGIT 


Opcode: 
1 0 0 0 0 
1 0 
1 1 1 I 


The contents 
of the accumulator 
are decremented 
by one. 
(A) 
~ 
(A) 
- 
I 


Decrement 
contents 
of data memory 
location 
63. 
MOV RO, # 3FH 
;MOVE 
'3F' HEX TO REG 
0 
MOV A,@RO 
;MOVE 
CONTENTS 
OF LOCATION 
63 
;TOACC 
;DECREMENT 
ACC 
;MOVE 
CONTENTS 
OF ACC TO 
;LOCA TION 
63 


DECA 
MOV@RO,A 


DEe Rr 
Decrement Register 


Opcode: 
I 1 1 0 0 
1 1 r2 r1 ro I 


The contents 
of working 
register 
'r' are decremented 
by one. 
(Rr) 
~ 
(Rr) 
- 
I 
r = 0- 7 


DIS I 
Disable IBF Interrupt 


Opcode: 
10001101011 


The input Buffer Full interrupt 
is disabled. 
The interrupt 
sequence 
is not initiated 
by WR and 
CS, however, 
an IBF interrupt 
request 
is latched 
and remains 
pending 
until an EN I (enable 
IBF interrupt) 
instruction 
is executed. 


The IBF flag is set and cleared 
independent 
of the IBF interrupt 
request 
so that handshaking 
protocol 
can continue 
normally. 
• 


inter 


Opcode: 
1 0 0 1 1 1 0 1 0 1 1 


The timer/counter 
interrupt is disabled. Any pending timer interrupt request is cleared. The 
interrupt sequence is not initiated by an overflow, but the timer flag is set and time accumula- 
tion continues. 


This is a 2-cycle instruction. Register 'r' is decremented and tested for zero. If the register 
contains all zeros, program control falls through to the next instruction. If the register con- 
tents are not zero, control jumps to the specified address within the current page. 
(Rr) +- (Rr) - 
1 
If R *- 0, then; 
(PCo- 7) +- addr 


Note: 
A IO-bit address specification does not cause an error if the DJNZ instruction and the jump 
target are on the same page. If the DJNZ instruction begins in location 255 of a page, it will 
jump to a target address on the following page. Otherwise, it is limited to a jump within the 
current page. 


Example: 
Increment values in data memory locations 50-54. 
MOY RO,# 50 
;MOYE '50' DEC TO ADDRESS 
;REGO 
MOY R3,#05 
;MOYE '5' DEC TO COUNTER 
;REG3 
INCRT: INC @RO 
;INCREMENT CONTENTS OF 
;LOCATION ADDRESSED BY 
;REGO 
INC RO 
;INCREMENT ADDRESS IN REG 0 
DJNZ R3,INCRT 
;DECREMENT REG 3-JUMP 
TO 
;'INCRT' IF REG 3 NONZERO 
NEXT- 
;'NEXT' ROUTINE EXECUTED 
;IF R3 IS ZERO 


Opcode: 
1 1 1 1 0 1 0 1 0 1 I 


DMA handshaking is enabled using P26 as DMA request (DRQ) and P27 as DMA acknowl- 
edge (DACK). The DACK lines forces CS and Ao low internally and clears DRQ. 


Opcode: 
11111101011 


The Output Buffer Full (OBF) and the Input Buffer Full (IBF) flags (IBF is inverted) are 
routed to P24 and P25. For proper operation, a "1" should be written to P25 and P24 before the 
EN FLAGS instruction. A "0" written to P24 or P25 disables the pin. 


inter 


EN I 
Enable IBF Interrupt 


Opcode: 
I 0 0 0 0 1 0 1 0 1 1 


The Input BufferFull interrupt is enabled. A low signal on WR and CS initiates the interrupt 
sequence. 


Opcode: 
1 0 0 1 0 1 0 1 0 1 1 


The timer/counter interrupt is enabled. An overflow of this register initiates the interrupt 
sequence. 


Opcode: 
10010100101 


Data in the DBBIN register is transferred to the accumulator and the Input Buffer Full (IBF) 
flag is set to zero. 
(A) +- (DBB) 
(IBF) +- 0 


Example: 
INDBB: IN A,DBB 
;INPUT DBBIN CONTENTS TO 
;ACCUMULATOR 


Opcode: 
1 0 0 0 0 1 1 0 P1 Po 1 


This is a 2-cycleinstruction. Data present on port 'p' is transferred (read) to the accumulator. 
(A) +- (Pp) 
P = 1-2 (seeANL instruction) 


Example: 
INP 12:IN A,PI 
;INPUT PORT 1CONTENTS 
6 


;TOACC 
MOV R6,A 
;MOVEACC CONTENTS TO 
;REG6 
IN A,P2 
;INPUT PORT 2 CONTENTS 
;TOACC 
MOV R7,A 
;MOVEACC CONTENTS TO REG 7 


Opcode: 
10001101111 


The contents of the accumulator are incremented by one. 
(A) +- 
(A) + 1 


Example: 
Increment contents of location 10 in data memory. 
INCA: MOV RO,# 10 
;MOV '10' DEC TO ADDRESS 
;REGO 
MOV A,@RO 
;MOVE CONTENTS OF LOCATION 
;IOTOACC 
INC A 
;INCREMENT ACC 
MOV @RO,A 
;MOVE ACC CONTENTS TO 
;LOCATION 10 


inter 


IHC Rr 
Increment 
Register 


Opcode: 
I 0 0 0 1 I 1 r2 r1 ro I 


The contents of working register 'r' are incremented by one. 
(Rr) +- (Rr) + I 
r = 0-7 


Example: 
INCRO: INC RO 
;INCREMENT ADDRESS REG 0 


Opcode: 
100011000ri 


The contents of the resident data memory location addressed by register 'r' bits 0-5 
are 


incremented by one. 
«Rr» 
+- «Rr» + I 
r = 0-1 


Example: 
INCDM: MOY RI,#OFFH 
INC @RI 
;MOYE ONES TO REG I 
;INCREMENT LOCATION 63 


Opcode: 
I b2 b1 bo 1 I 0 0 1 0 I • I a7 as a5 a4 I a3 a2 a1 ao I 


This is a 2-cyc1einstruction. Control passes to the specified address if accumulator bit 'b' is set 
to one. 
(PCo-7) addr 
ifb = I 
(PC) +- (PC) + 2 
ifb = 0 


Example: 
JB4ISI: JB4 NEXT 
;JUMP TO 'NEXT ROUTINE 
;IF ACC BIT 4 = 1 


JC address 
Jump If Carry Is Set 


Opcode: 
I 1 1 1 1 I 0 1 1 0 I • I a7 as a5 ~ 
I a3 a2 a1 ao I 


This is a 2-cyc1einstruction. Control passes to the specified address if the carry bit is set to 
one. 
(PCo-7) +- addr 
ifC = I 
(PC) +- (PC) + 2 
ifC = 0 


;JUMP TO 'OYFLOW' ROUTINE 
;IFC = I 


JFO address 
Jump If Flag 0 Is Set 


Opcode: 
I 1 0 1 1 I 0 1 1 0 I • I a7 as a5 a4 I a3 a2 a1 ao I 


This is a 2-cyc1einstruction. Control passes to the specified address if flag 0 is set to one. 
(PCo-7) +- addr 
ifFo = I 


;JUMP TO 'TOTAL' ROUTINE 
;IF Fa = I 


JF1 address 
Jump If C/D Flag (F1) Is Set 


Opcode: 
I 0 1 1 1 I 0 1 1 0 I • I 87 as 85 84 I 83 82 81 ao I 


This is a 2-cyc1einstruction. Control passes to the specified address if the CID flag (F I) is set 
to one. 
(PCo-7) 
~ 
addr 
ifFI = I 


Example: 
JF lISI: JFI FILBUF 
;JUMP TO 'FILBUF 
;ROUTINEIFFI 
= I 


JMP address 
Direct Jump Within 1K Block 


Opcode: 
I 810 89 8S 0 I 0 1 0 0 I • I 87 as 85 84 I 83 82 81 ao I 


This is a 2-cyc1einstruction. Bits 0-9 of the program counter are replaced with the directly- 
specified address. 
(PCS-9) ~ 
addr 8-9 
(PCo-7) 
~ 
addr 0-7 


Example: 
JMP SUBTOT 
;JUMP TO SUBROUTINE 'SUBTOT' 
JMP $-6 
;JUMPTO INSTRUCTION 
SIX LOCATIONS 
;BEFORE CURRENT LOCATION 
JMP 2FH 
;JUMP TO ADDRESS '2F' HEX 


JMPP @A 
Indirect 
Jump Within Page 


Opcode: 
I 1 0 1 1 I 0 0 1 1 I 


This is a 2-cyc1einstruction. The contents of the program memory location pointed to by the 
accumulator are substituted for the 'page' portion of the program counter (PC 0- 7). 
(PCo-7) 
~ 
«A» 


Example: 
Assume accumulator contains OFH 
JMPPAG: JMPP @A 
;JMP TO ADDRESS STORED IN 
;LOCATION 15 IN CURRENT PAGE 


JNC address 
Jump If Carry Is Not Set 


Opcode: 
I 1 1 1 0 I 0 1 1 0 I • I 87 as 85 84 I 83 82 81 ao I 


This is a 2-cyc1einstruction. Control passes to the specified address if the carry bit is not set, 
that is, equals zero. 
(PCo-7) 
~ 
addr 
ifC = 0 


Example: 
JCO: JNC NOVFLO 
;JUMP TO 'NOVFLO' ROUTINE 
;IFC 
= 0 


JNIBF address 
Jump If Input Buffer Full Flag Is Low 


Opcode: 
I 1 1 0 1 I 0 1 1 0 I • I 87 86 85 84 I 83 82 81 80 I 


This is a 2-cyc1einstruction. Control passes to the specified address if the Input ButTer Full 
flag is low (IBF = 0). 
(PCo-7) 
~ 
addr 
ifIBF = 0 


;JUMP TO SELF IF IBF = 0 
;OTHERWISE CONTINUE 


• 


JNTO address 
Jump If TEST 0 Is Low 


Opcode: 
I 0 0 1 0 I 0 1 1 0 I • I a7 as as a4 I a3 a2 a1 ao I 


This is a 2-cycle instruction. Control passes to the specified address, if the TEST 0 signal is 
low. Pin is sampled during SYNC. 
(PYl-7) 
~ 
addr 
ifT 0 = 0 


Example: 
JTOLOW:JNTO 60 
;JUMP TO LOCATION 60 DEC 
;IFTo = 0 


Opcode: 
I 0 1 0 0 I 0 1 1 0 I • I a7 a6 as ~ 
I a3 a2 a1 ao I 


This is a 2-cycleinstruction. Control passes to the specifiedaddress if the TEST I signal is low. 
Pin is sampled during SYNC. 
(PCo-7) ~ 
addr 
ifTI = 0 


Example: 
JT1LOW: JNTI OBBH 
;JUMP TO LOCATION 'BB' HEX 
;IFTI = 0 


JNZ address 
Jump If Accumulator 
Is Not Zero 


Opcode: 
I 1 0 0 1 I 0 1 1 0 I • I a7 as as a4 I a3 a2 a1 ao I 


This is a 2-cycle instruction. Control passes to the specified address if the accumulator con- 
tents are nonzero at the time this instruction is executed. 
(PCo-7) ~ 
addr 
if A =1= 0 


Example: 
JACCNO: JNZ OABH 
;JUMP TO LOCATION 'AB' HEX 
;IF ACC VALUE IS NONZERO 


JOBF Address 
Jump If Output 
Buffer Full Flag Is Set 


Opcode: 
I 1 0 0 0 I 0 1 1 0 I • I a7 a6 as a4 I a3 a2 a1 ao I 


This is a 2-cycleinstruction. Control passes to the specifiedaddress if the Output Buffer Full 
(OBF) flag is set (= I) at the time this instruction is executed. 
(PCo-7) ~ 
addr 
ifOBF = I 


Example: 
JOBFHI: JOBF OAAH 
;JUMP TO LOCATION 'AA' HEX 
;IFOBF = I 


JTF address 
Jump If Timer Flag Is Set 


Opcode: 
I 0 0 0 1 I 0 1 1 0 I • I a7 as as ~ 
I a3 a2 a1 SO I 


This is a 2-cycle instruction. Control passes to the specifiedaddress if the timer flag is set to 
one, that is, the timer/counter register overflows to zero. The timer flag is cleared upo~ 
execution of this instruction. (This overflowinitiates an interrupt servicesequenceif the timer- 
overflow interrupt is enabled.) 
(PCo-7) ~ 
addr 
ifTF = I 


Example: 
JTFI: JTF TIMER 
;JUMP TO 'TIMER' ROUTINE 
;IFTF = I 


inter 


Opcode: 
I 0 0 1 1 I 0 1 1 0 I • I a7 a6 as l4 I a3 a2 a1 ao I 


This is a 2-cycle instruction. Control passes to the specified address if the TEST 0 signal is 
high (= 
I). Pin is sampled during SYNC. 
(PCo-7) +- addr 
if To = I 


;JUMP TO LOCATION 53DEC 
;IFTO= 
I 


Opcode: 
I 0 1 0 1 I 0 1 1 0 I • I a7 a6 as l4 I a3 a2 a1 ao I 


This is a 2-cycle instruction. Control passes to the specified address if the TEST I signal is 
high (= 
I). Pin is sampled during SYNC. 


(PCo-7) +- addr 
ifTl = I 


Example: 
JT!RI: JT! COUNT 
;JUMP TO 'COUNT ROUTINE 
;IFTl 
= I 


JZ address 
Jump If Accumulator 
Is Zero 


Opcode: 
11 1 0 0 1 0 1 1 0 I • I a7 ~ 
as a4 I a3 a2 a1 ao I 


This is a 2-cycle instruction. Control passes to the specified address if the accumulator con- 
tains all zeros at the time this instruction is executed. 
(PCo-7) +- addr 
if A = 0 


Example: 
JACCO: JZ OA3H 
;JUMP TO LOCATION 'A3' HEX 
;IF ACC VALUE IS ZERO 


Opcode: 
I 0 0 1 0 I 0 0 1 1 I • I d7 d6 ds d4 I d3 d2 d1 do I 


This is a 2-cycleinstruction. The 8-bit value spedified by 'data' is loaded in the accumulator. 
(A) +- data 


Opcode: 
I 1 1 0 0 I 0 1 1 1 I 


"rhe contents of the program status word are moved to the accumulator. 
(A) +- 
(PSW) 


Example: 
Jump to 'RBISET routine if bank switch, PSW bit 4, is set. 
BSCHK: MOV A,PSW 
;MOV PSW CONTENTS TO ACC 
JB4 RBI SET 
;JUMP TO 'RBISET IF ACC 
;BIT4 = I 


MOV A,Rr 
Move Register 
Contents 
to Accumulator 


Opcode: 
1 1 1 1 1 1 1 r2 r1 ro I 


Eight bits of data are moved from working register 'r' into the accumulator. 
(A) +- (Rr) 
r = 0-7 


Example: 
MAR: MOY A,R3 
;MOYE CONTENTS OF REG 3 
;TOACC 


Opcode: 
1 1 1 1 1 1 0 0 0 r I 


The contents of the data memory location addressed by bits 0-5 of register 'r' are moved to 
the accumulator. Register 'r' contents are unaffected. 
(A) +- «Rr» 
r = 0-1 


Assume RI contains 00110110. 
MADM: MOY A,@RI 
;MOYE CONTENTS OF DATA MEM 
;LOCATION 54TO ACC 


Opcode: 
10100100101 


The contents of the timer/event-counter register are moved to the accumulator. The timer/ 
event-counter is not stopped. 
(A) +- (T) 


Example: 
Jump to "Exit" routine when timer reaches '64', that is, when bit 6 is set-assuming 
initializa- 
tion to zero. 
TIMCHK: MOY A,T 
;MOYE TIMER CONTENTS TO 
;ACC 
JB6 EXIT 
;JUMP TO 'EXIT' IF ACC BIT 
;6 = I 


Opcode: 
11101101111 


The contents of the accumulator are moved into the program status word. All condition bits 
and the stack pointer are affected by this move. 
(pSW) 
+- (A) 


Move up stack pointer by two memory locations, that is, increment the pointer by one. 
INCPTR: MOY A,PSW 
;MOVE PSW CONTENTS TO ACC 
INC A 
;INCREMENT ACC BY ONE 
MOY PSW,A 
;MOYE ACC CONTENTS TO PSW 


inter 


MOV Rr,A 
Move Accumulator Contents to Register 


Opcode: 
I 1 0 1 0 I 1 f2 fl fO I 


The contents of the accumulator are moved to register 'r' 
(Rr) +- (A) 
r = 0-7 


;MOVE CONTENTS OF ACC TO 
;REGO 


MOV Rr,#data 
Move Immediate Data to R~gister 


Opcode: 
11 
0 1 1 I 1 f2 fl fO I • I d7 d6 ds d4 I d3 d2 dl do I 


This is a 2-cycle instruction, The 8-bit value specified by 'data' is moved to register 'r', 
(Rr) +- data 
r = 0-7 


;THE VALUE OF THE SYMBOL 
;'HEXTEN' IS MOVED INTO 
;REG4 
;THE VAUE OF THE 
;EXPRESSION 'PI°(R OR)' 
;IS MOVED INTO REG 5 
;'AD' HEX IS MOVED INTO 
REG 6 


MOV @Rr,A 
Move Accumulator Contents to Data Memory 


Opcode: 
I 1 0 1 0 I 0 0 0 f I 


The contents of the accumulator are moved to the data memory location whose address is 
specified by bits 0-5 of register 'r', Register 'r' contents are unaffected, 
«Rr» 
+- (A) 
r = 0-1 


Assume RO contains 11000111. 
MDMA: MOV @R,A 
;MOVE CONTENTS OF ACe TO 
;LOCATION 7 (REG) 


MOV @Rr,#data 
Move Immediate Data to Data Memory 


Opcode: 
I 1 0 1 1 I 0 0 0 fl· 
I d7 d6 ds d4 I d3 d2 dl do I 


This is a 2-cycle instruction, The 8-bit value specified by 'data' is moved to the standard data 
memory location addressed by register 'r', bit 0-5. 


Example: 
Move the hexadecimal value AC3F to locations 62-63. 
MIDM: MOV RO,#62 
;MOVE '62' DEC TO ADDR REGO 
MOV @RO,#OACH 
;MOVE 'AC' HEX TO LOCATION 62 
INC RO 
;INCREMENT REG 0 TO '63' 
MOV @RO,#3FH 
;MOVE '3F' HEX TO LOCATION 63 
• 


inter 


Opcode: 
11001100001 


The contents of the accumulator are moved into the status register. Only bits 4- 7 are affected. 
(STS4_7) - 
(A4-7) 


Example: 
Set ST4-ST7 to "I". 
MSTS: MOV A,#OFOH 
MOV STS,A 


;SETACC 
;MOVETOSTS 


Opcode: 
I 0 1 1 0 I 0 0 1 0 I 


The contents of the accumulator are moved to the timer/event-counter register. 
(T) - 
(A) 


INITEC: CLR A 
MOVT,A 
STRT CNT 


;CLEAR ACC TO ZEROS 
;MOVE ZEROS TO EVENT COUNTER 
;START COUNTER 


MOVD A,Pp 
Move Port 4-7 
Data to Accumulator 


Opcode: 
I 0 0 0 0 I 1 1 P1 Po 1 


This is a 2-cycleinstruction. Data on 8243 port 'p' is moved (read) to accumulator bits 0-3. 
Accumulator bits 4- 7 are zeroed. 
(Ao-3) 
- 
Pp 
P = 4-7 
(A4-7) - 
0 


Note: 
Bits 0-1 of the opcode are used to represent PORTS 4-7. If you are coding in binary rather 
than assembly language, the mapping is as follows: 


Bits 
Port 
P1 
Po 


0 
0 
4 
0 
1 
5 
1 
0 
6 
1 
1 
7 


;MOVE PORT 5 DATA TO ACC 
;BITS0-3, ZERO ACC BITS 4- 7 


Opcode: 
I 0 0 1 1 I 1 1 P1 Po 1 


This is a 2-cycleinstruction. Data in accumulator bits 0-3 is moved (written) to 8243port 'p'. 
Accumulator bits 4-7 are unaffected. (See NOTE above regarding port mapping.) 


Example: 
Move data in accumulator to ports 4 and 5. 
OUTP45: MOVD P4,A 
;MOVE ACC BITS 0-3 TO PORT 4 
SWAP A 
;EXCHANGE ACC BITS 0-3 AND 4- 7 
MOVD P5,A 
;MOVE ACC BITS 0-3 TO PORT 5 


inter 


Opcode: 
1 1 0 1 0 1 0 0 1 1 1 


This is a 2-cycle instruction. The contents of the program memory location addressed by the 
accumulator are moved to the accumulator. Only bits 0- 7 of the program counter are affected, 
limiting the program memory reference to the current page. The program counter is restored 
following this operation. 
(A) - 
«A)) 


This a I-byte, 2-cycle instruction. If it appears in location 255 of a program memory page, @A 
addresses a location in the following page. 


MOVI28: MOV A,# 128 
MOVPA,@A 
;MOVE '128' DEC TO ACC 
;CONTENTS OF 129TH LOCATION 
;IN CURRENT PAGE ARE MOVED TO 
;ACC 


Opcode: 
11110100111 


This is a 2-cycle instruction. The contents of the program memory location within page 3, 
addressed by the accumulator, are moved to the accumulator. The program counter is restored 
following this operation. 
(A) - 
«A» within page 3 


Look up ASCII equivalent of hexadecimal code in table contained at the beginning of page 3. 
Note that ASCII characters are designated by a 7-bit code; the eighth bit is always reset. 
TABSCH: MOV A,#OB8H 
;MOVE 'B8' HEX TO ACC (10111000) 
ANL A, #7FH 
;LOGICAL AND ACC TO MASK BIT 
;7 (00111000) 
;MOVE CONTENTS OF LOCATION 
;'38' HEX IN PAGE 3 TO ACC 
;(ASCII '8') 
Access contents of location in page 3 labelled TAB 1. Assume current program location is not 
in page 3. 
TABSCH: MOV A,#TABI 
;ISOLATE BITS 0- 7 
;OFLABEL 
;ADDRESS VALUE 
;MOVE CONTENT OF PAGE 3 
;LOCATION LABELED 'TABI' 
;TOACC 


Opcode: 
1 0 0 0 0 I 0 0 0 0 1 


No operation is performed. Execution continues with the following instruction. 


ORL A,Rr 
Logical OR Accumulator 
With Register 
Mask 


Opcode: 
I 0 1 0 0 I 1 r2 r1 ro 1 


Data in the accumulator is logically ORed with the mask contained in working register 'r'. 
(A) - 
(A) OR (Rr) 
r = 0-7 


;'OR' ACC CONTENTS WITH 
;MASK IN REG 4 


• 


inter 


ORL A,@Rr 
Logical OR Accumulator 
With Memory 
Mask 


Opcode: 
I010olooori 


Data in the accumulator is logically ORed with the mask contained in the data memory 
location referenced by register 'r', bits 0-5. 
(A) +- (A) OR «Rr» 
r = 0-1 


Example: 
ORDM: MOVE RO,# 3FH 
ORLA, 
@RO 
;MOVE '3F' HEX TO REG 0 
;'OR' ACC CONTENTS WITH MASK 
;IN LOCATION 63 


ORL A, # Data 
Logical OR Accumulator 
With Immediate 
Mask 


Opcode: 
I 0 1 0 0 I 0 0 1 1 I • I d7 de d5 d4 I d3 d2 d1 do I 


This is a 2-cyc1einstruction. Data in the accumulator is logically ORed with an immediately- 
specified mask. 
(A) +- (A) OR data 


Example: 
ORID: ORL A,#'X' 
;'OR' ACC CONTENTS WITH MASK 
;01011000 (ASCII VALUE OF 'X') . 


ORL Pp,#data 
Logical OR Port 1-2 
With Immediate 
Mask 


Opcode: 
I 1 0 0 0 I 1 0 P1 Po I • I d7 de d5 d4 I d3 d2 d1 do I 


This is a 2-cyc1einstruction. Data on port 'p' is logically ORed with an immediately-specified 
mask. 
(Pp) +- (Pp) OR data 
p = 1-2 (see OUTL instruction) 


Example: 
ORPI: ORL PI,#OFH 
;'OR' PORT I CONTENTS WITH 
;MASK 'FF' HEX (SET PORT I 
'TO ALL ONES) 


ORLD Pp,A 
Logical OR Port 4-7 
With Accumulator 
Mask 


Opcode: 
I 1 0 0 0 I 1 1 P1 Po I 


This is a 2-cyc1e instruction. Data on 8243 port 'p' is logically ORed with the digit mask 
contained in accumulator bits 0-3, 
(Pp) (Pp) OR (Ao-3) 
P = 4-7 (See MOVD instruction) 


;'OR' PORT 7 CONTENTS 
;WITH ACC BITS 0-3 


Opcode: 
I 0 0 0 0 I 0 0 1 0 I 


Contents of the accumulator are transferred to the Data Bus Buffer Output register and the 
Output Buffer Full (OBF) flag is set to one. 
(DBB) +- (A) 
OBF +- I 


;OUTPUT THE CONTENTS OF 
;THE ACC TO DBBOUT 


inter 


OUTL Pp,A 
Output Accumulator 
Data to Port 1 and 2 


Opcode: 
I 0 0 1 1 I 1 0 P1 Po 1 


This is a 2-cycle instruction. Data residing in the accumulator is transferred (written) to port 
'p' and latched. 
(Pp) +- (A) 
P = 1-2 


Note: 
Bits 0-1 of the opcode are used to represent PORT I and PORT 2. If you are coding in binary 
rather than assembly language, the mapping is as follows: 


Bits 
Port 
P1 
Po 


0 
0 
X 
0 
1 
1 
1 
0 
2 
1 
1 
X 


Example: 
OUTLP; MOV A,R7 
OUTL P2,A 
MOV A,R6 
OUTLPI,A 


;MOVE REG 7 CONTENTS TO ACC 
;OUTPUT ACC CONTENTS TO PORTI 
;MOVE REG 6 CONTENTS TO ACC 
;OUTPUT ACC CONTENTS TO PORT I 


Opcode: 
I 1 0 0 0 I 0 0 1 1 I 


This is a 2-cycle instruction. The stack pointer (pSW bits 0-2 is decremented. The program 
counter is then restored from the stack. PSW bits 4- 7 are not restored. 
(SP) +- (SP) - 
I 
(PC) +- «SP)) 


Opcode: 
11001100111 


This is a 2-cycle instruction. The stack pointer is decremented. The program counter and bits 
4- 7 of the PSW are then restored from the stack. Note that RETR should be used to return 
from an interrupt, but should not be used within the interrupt service routine as it signals the 
end of an interrupt routine. 
(SP) +- (SP) - 
I 
(PC) +- «SP)) 
(PSW4-7) +- «SP)) 


RL A 
Rotate 
Left Without 
Carry 


Opcode: 
11110101111 


The contents of the accumulator are rotated left one bit. Bit 7 is rotated into the bit 0 position. 
(An+ \) +- (AJ 
n = 0-6 
(Ao) +- (A7) 


Example: 
Assume accumulator contains 10110001. 
RLNC: RL A 
;NEW ACC CONTENTS ARE 01100011 


inter 


RLC A 
Rotate 
Left Through 
Carry 


Opcode: 
11111101111 


The contents of the accumulator are rotated left one bit. Bit 7 replaces the carry bit; the carry 
bit is rotated into the bit 0 position. 
(An+ 1) - 
(An> 
n = 0-6 
(Ao) 
- 
(C) 
(C) 
- 
(A7) 


Example: 
Assume accumulator contains a 'signed' number; isolate sign without changing value. 
RLTC: CLR C 
;CLEAR CARRY TO ZERO 
RLC A 
;ROTATEACC LEFT, SIGN 
;BIT (7) IS PLACED IN CARRY 
RR A 
;ROTATE ACC RIGHT-VALUE 
;(BITS0-6) IS RESTORED, 
;CARRY UNCHANGED, BIT 7 
;ISZERO 


RR A 
Rotate 
Right Without 
Carry 


Opcode: 
I 0 1 1 1 1 0 1 1 1 1 


The ~ntents 
of the accumulator are rotated right one bit. Bit 0 is rotated into the bit 7 


position. 
(A) - 
(An + 1) 
n = 0-6 
(A7) 
- 
(Ao) 


Example 
Assume accumulator contains 10110001. 
RRNC: RRA 
;NEW ACC CONTENTS ARE 11011000 


RRC A 
Rotate 
Right Through 
Carry 


Opcode: 
10110101111 


The contents of the accumulator are rotated one bit. Bit 0 replaces the carry bit; the carry bit is 
rotated into the bit 7 position. 
(An> - 
(An + 1) 
n = 0-6 
(A7) 
- 
(C) 
(C) 
- 
(Ao) 


Example 
Assume carry is not set and accumulator contains 10110001. 
RRTC: RRCA 
;CARRY IS SET AND ACC 
;CONTAINS 01011000 


SEL MBO 
Select Memory 
Bank 0 (Not in 8x41) 


Opcode: 
1 1 1 1 0 1 0 1 0 1 I 


PC bit II is set to zero on next JMP ~r CALL instruction. All references to program memory 
addresses fall within the range 0-1023 
(DBF)-0 


Example: 
Assume program counter contains 834 Hex. 
SEL MHO 
;SELECT MEMORY BANK 0 
JMP $+20 
;JUMP TO LOCAnON 
;48 HEX 


inter 


SEL MB1 
Select Memory 
Bank 1 (Not in 8x41) 


Opcode: 
11111101011 


PC bit II is set to one on next JMP or CALL instruction. All references to program memory 
addresses fall within the range 1024-2047. 
(DBF) -I 


SEL RBO 
Select Register 
Bank 0 


Opcode: 
11100101011 


PSW BIT 4 is set to zero. References to working registers 0- 7 address data memory locations 
0-7. This is the recommended setting for normal program execution. 
(BS) 
- 
0 


SEL RB1 
Select Register 
Bank 1 


Opcode: 
1 1 1 0 1 1 0 1 0 1 1 


PSW bit 4 is set to one. References to working registers 0- 7 address data memory locations 
24- 31. This is the recommended setting for interrupt service routines, since locations 0- 7 are 
left intact. The setting of PSW bit 4 in effect at the time of an interrupt is restored by the 
RETR instruction when the interrupt service routine is completed. 


Assume an IBF interrupt has occurred, control has passed to program memory location 3, and 
PSW bit 4 was zero before the interrupt. 
LOC3: JMP IN IT 
;JUMP TO ROUTINE 'INIT 


INIT: MOV R7,A 


SEL RBI 
MOV R7,#OFAH 


;MOV ACC CONTENTS TO 
;LOCATION 7 
;SELECT REG BANK I 
;MOVE 'FA' HEX TO LOCATION 31 


SEL RBO 
MOV A,R7 
RETR 


;SELECT REG BANK 0 
;RESTORE ACC FROM LOCATION 7 
;RETURN-RESTORE 
PC AND PSW 


inter 


STOP TCNT 
Stop Timer/Event 
Counter 


Opcode: 
10110101011 


This instruction is used to stop both time accumulation and event counting. 


Example: 
Disable interrupt, but jump to interrupt routine after eight overflows and stop timer. Count 
overflowsin register 7. 
START: DIS TCNTI 
;DISABLE TIMER INTERRUPT 
CLR A 
;CLEAR ACC TO ZERO 
MOV T,A 
;MOVZERO TO TIMER 
MOV R7,A 
;MOVE ZERO TO REG 7 
STRT T 
;START TIMER 
MAIN: 
JTF COUNT 
;JUMP TO ROUTINE 'COUNT' 
;IF TF = 1AND CLEAR TIMER FLAG 
JMP MAIN 
;CLOSE LOOP 
COUNT: INC R7 
;INCREMENT REG 7 
MOV A,R7 
;MOVE REG 7 CONTENTS TO ACC 
JB3 INT 
;JUMP TO ROUTINE 'INT' IF ACC 
;BIT 3 IS SET (REG 7 = 8) 
JMP MAIN 
;OTHERWISE RETURN TO ROUTINE 
;MAIN 


INT: STOP TCNT 
JMP 7H 
;STOPTIMER 
;JUMP TO LOCATION 7 (TIMER 
;INTERRUPT ROUTINE) 


Opcode: 
10100101011 


The TEST 1 (TI) pin is enabled as the event-counter input and the counter is started. The 
event-counter register is incremented with each high to low transition on the TI pin. 


Example: 
Initialize and start event counter. Assume overflow is desired with first TI input. 
STARTC: EN TeNTI 
;ENABLE COUNTER INTERRUPT 
MOV A,#OFFH 
;MOVE 'FF' HEX (ONES) TO 
;ACC 
MOV T,A 
;MOVE ONES TO COUNTER 
STRT CNT 
;INPUT AND START 


Opcode: 
10101101011 


Timer accumulation is initiated in the timer register. The register is incremented every 32 
instruction cycles.The prescaler which counts the 32 cyclesis cleared but the timer register is 
not. 


Example: 
Initialize and start timer. 
STARTT: EN TCNTI 
CLRA 
MOVT,A 
STRT T 


;ENABLE TIMER INTERRUPT 
:CLEAR ACC TO ZEROS 
;MOVE ZEROS TO TIMER 
;START TIMER 


SWAP A 
Swap Nibbles Within Accumulator 


Opcode: 
I 0 1 0 0 I 0 1 1 1 ! 


Bits 0-3 of the accumulator are swapped with bits 4-7 of the accumulator. 
(~-7) 
+--+ 
(Ao-3) 


Example: 
Pack bits 0-3 of locations 50-51 into location 50. 
PCKDIG: MOV RO,# 50 
;MOVE '50' DEC TO REG 0 
MOVRI,#51 
;MOVE'51'DECTOREGI 
XCHD A,@RO 
;EXCHANGE BIT 0-3 OF ACC 
;AND LOCATION 50 
SWAP A 
;SWAP BITS 0-3 AND 4- 7 OF ACC 
XCHD A,@ RI 
;EXCHANGE BITS 0-3 OF ACC AND 
;LOCATION 51 
MOV @RO,A 
;MOVE CONTENTS OF ACC TO 
;LOCATION 51 


XCH ARr 
Exchange 
Accumulator-Register 
Contents 


Opcode: 
I 0 0 1 0 I 1 r2 r1 ro I 


The contents of the accumulator and the contents of working register 'r' are exchanged. 
(A) +--+ 
(Rr) 
r = 0-7 


Example: 
Move PSW contents to Reg 7 without losing accumulator contents. 
XCHAR7: XCH A,R7 
;EXCHANGE CONTENTS OF REG 7 
;ANDACC 
MOV A,PSW 
;MOYE PSW CONTENTS TO ACC 
XCH, A,R7 
;EXCHANGE CONTENTS OF REG 7 
;AND ACC AGAIN 


I 0 0 1 0 I 0 0 -0 r I 


The contents of the accumulator and the contents of the data memory location addressed by 
bits 0- 5 of register 'r' are exchanged. Register 'r' contents are unaffected. 
(A) +--+ «Rr» 
r = 0-1 


Example: 
Decrement contents of location 52. 
DEC 52: MOY RO,# 52 


XCHA,@RO 


;MOVE '52' DEC TO ADDRESS 
;REGO 
;EXCHANGE CONTENTS OF ACC 
;AND LOCATION 52 
;DECREMENT ACC CONTENTS 
;EXCHANGE CONTENTS OF ACC 
;AND LOCATION 52AGAIN 


DECA 
XCH A,@RO 
• 


inter 


Opcode: 
100111000ri 


This instruction exchanges bits 0-3 of the accumulator with bits 0-3 of the data memory 
location addressed by bits 0-5 of register 'r'. Bits 4- 7 of the accumulator, bits 4- 7 of the data 
memory location, and the contents of register 'r' are unaffected. 
(Ao-3) ~ 
«RrO-3» 
r = 0-1 


Example: 
Assume program counter contents have been stacked in locations 22-23. 
XCHNIB: MOV RO,II 23 
;MOVE '23' DEC TO REG 0 
CLR A 
;CLEAR ACC TO ZEROS 
XCHD A,@RO 
;EXCHANGE BITS 0-3 OF ACC 
;AND LOCATION 23 (BITS 8-11 
;OF PC ARE ZEROED, ADDRESS 
;REFERS TO PAGE 0) 


XRLA,Rr 
Logical XOR Accumulator 
With Register Mask 


Opcode: 
I 1 1 0 1 I 1 r2 r1 ro I 


Data in the accumulator is EXCLUSIVE ORed with the mask contained in working register 
'r'. 
(A) ~ 
(A) XOR (Rr) 


Example: 
XORREG: XRL A,R5 
;'XOR' ACC CONTENTS WITH 
;MASK IN REG 5 


XRLA,@Rr 
Logical XOR Accumulator 
With Memory Mask 


Opcode: 
111011000rl 


Data in the accumulator is EXCLUSIVE ORed with the mask contained in the data memory 
location address by register 'r', bits 0-5. 
(A) +- (A) XOR «Rr» 
r = 0-1 


Example: 
XORDM: MOV RI,II20H 
XRLA,@RI 
;MOVE '20' HEX TO REG I 
;'XOR' ACC CONTENTS WITH MASK 
;IN LOCATION 32 


XRL A,II data, 
Logical XOR Accumulator 
With Immediate Mask 


Opcode: 
I 1 1 0 1 I 0 0 1 1 I • I d7 d6 ds d4 I d3 d2 d1 do I 


This is a 2-cycleinstruction. Data in the accumulator is EXCLUSIVE ORed with an immedi- 
ately-specifiedmask. 
(A) +- (A) XOR data 


Example: 
XORID: XOR A,IIHEXTEN 
;XOR CONTENTS OF ACC WITH 
;MASK EQUAL VALUE OF SYMBOL 
;'HEXTEN' 


inter 


CHAPTER 4 
SINGLE-STEP 
AND PROGRAMMING 
POWER-DOWN 
MODES 


The 
UPI 
family 
has a single-step 
mode 
which 
allows 


the user to manually 
step through 
his program 
one in- 


struction 
at a time. 
While 
stopped, 
the address 
of the 


next instruction 
to be fetched 
is available 
on PORT 
1 


and the lower 2 bits of PORT 
2. The single-step 
feature 


simplifies 
program 
debugging 
by allowing 
the user to 


easily follow program 
execution. 


PRESET 


MOMENTARY 
+5V 
0 
a 


PUSH 
TO 
STEP 
fl} 


+5V 


'OIl 


CLEAR 


Figure 
4-1 illustrates 
a recommended 
circuit 
for single- 


step operation, 
while Figure 
4-2 shows the timing 
rela- 
tionship 
between 
the SYNC 
output 
and 
the SS input. 


During 
single-step 
operation, 
PORT 
1 and 
part 
of 


PORT 
2 are 
used 
to output 
address 
information. 
In 


order 
to retain 
the normal 
I/O 
functions 
of PORTS 
1 


and 2, a separate 
latch can be used as shown 
in Figure 


4-3. 


SYNC_~ 
__ 
\ 
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TOft 
INPUT 
ON 
UPI-41A141AH 
WUAH 


:: 
PCH 


:: 
PC8·9 


FROM 
UPI-41A, 
••1AH/ 


42/42AH 
SYNC 
OUTPUT 


231318-28 


P1G-17 
P_O_RT_D_A_T_A 
X 


P2o-P21 
X 
>c 
>c 
• 


inter 


SYNC 


P10 
P10 


P11 
DATA IN 


P12 


UP~lA/41AH 
P13 
/42142AH 
P14 


P15 


P18 


P17 


010 


D11 


012 


013 


014 


015 


018 


D17 


":" 


+5V 


ADDRESS 
DISPLAY 
(LED) 


The sequence of single-step operation is as follows: 
I) The processor is requested to stop by applying a low 
levelon SS.The SSinput should not be bro~ht 
low 
while SYNC is high. ([he UPI samples the SSpin in 
the middle of the SYNC pulse). 
2) The processor responds to the request by stopping 
during the instruction fetch portion of the next in- 
struction. If a double cycle instruction is in progress 
when the single-step command is received, both cy- 
cles will be completed before stopping. 
3) The processor acknowledges it has entered the 
stopped state by raising SYNC high. In this state, 
which can be maintained indefinitely, the 100bitad- 
dress of the next instruction to be fetched is preset 
on PORT 1 and the lower 2 bits of PORT 2. 
4) SS is then raised high to bring the processor out of 
the stopped mode allowing it to fetch the next in- 
struction.The exit from stop is indicated by the proc- 
essor bringing SYNC low. 


5) To stop the processor at the next instruction SSmust 
be brought low again before the next SYNC pu1s~ 
the circuit in Figure 4-1 uses the trailing edge of the 
previous pulse. If SS is left high, the processor re- 
mains in the "RUN" mode. 


Figure 4-1 shows a schematic for implementing single- 
step. A single D~ 
flip-flop with preset and clear is 
used to generate SS. In the RUN mode SS is held high 
by keeping the flip-flop preset (preset has precedence 
over the clear input). To enter sin~e-step, preset is re- 
moved allowing SYNC to bring SS low via the clear 
input. Note that SYNC must be buffered since the 
SN7474 is equivalent to 3 TTL loads. 


The processor is now in the stopped state. The next 
instruction is initiated by stoppe state. The next instruc- 
tion is initiated by clocking "1" the flip-flop. This "1" 
will not appear on SS unless SYNC is high (I.e., clear 
must be removed from the flip-flop). In response to SS 
going high, the processor begins an instruction fetch 
which brings SYNC low. SS is then reset through the 
clear input and the processor again enters the stopped 
state. 


The UPI family has an External Access mode (EA) 
which puts the processor into a test mode. This mode 
allows the user to disable the internal program memory 
and execute from external memory. External Access 
mode is useful in testing because it allows the user to 
test the processor's functions directly. It is only useful 
for testing since this mode uses Do-D7' PORTS 10-17 
and PORTS 20-22. 


This mode is invoked by connecting the EA pin to 5V. 
The II-bit current program counter contents then come 
out on PORTS 10-17 and PORTS 20-22 
after the 


SYNC output goes high. (PORT 10 is the least signifi- 
cant bit.) The desired instruction opcode is placed on 
Do-D7 before the start of state SI. During state Siothe 
opcode is sampled from Do- D7 and subsequently exe- 
cuted in place of the internal program memory con- 
tents. 


The program counter contents are multiplexed with the 
I/O port data on PORTS 10-17 and PORTS 20-22. 
The 110 port data may be demultiplexed using an ex- 
ternal latch on the rising edge of SYNC. The program 
counter contents may be demultiplexed similarly using 
the trailing edge of SYNC. 


Reading and/or writing the Data Bus Buffer registers is 
still allowed although only when Do-D7 are not being 
sampled for opcode data. In practice, since this sam- 
pling time is not known externally, reads or writes on 
the system bus are done during SYNC high time. Ap- 
proximately 600 ns are available for each read or write 
cycle. 


POWER 
DOWN 
MODE 
(UPI-41AH/42AH 
ONLY) 


Extra circuitry is included in the UPI-4IAH/42AH 
version to allow low-power, standby operation. Power 
is removed from all system elements except the inter- 


nal data RAM in the low-power mode. Thus the con· 
tents of RAM can be maintained and the device draws 
only 10 to 15% of its normal power. 


The Vcc pin serves as the 5V power supply pin for all 
of the UPI-4IAH/42AH 
version's circuitry except the 
data RAM array. The Voo pin supplies only the RAM 
array. In normal operation, both VCC and Voo 
are 


connected to the same 5V power supply. 


To enter the Power-Down mode, the RESET signal to 
the UPI is asserted. This ensures the memory will not 
be inadvertently 
altered by the UPI during power- 
down. The Vcc 
pin is then grounded while VOO is 


maintained at 5V. Figure 4-4 illustrates a recommended 
Power-Down sequence. The sequence typically occurs 
as follows: 
I) Imminent power supply failure is detected by user 


defined 
circuitry. 
The 
signal 
must 
occur 
early 


enough to guarantee the UPI-4IAH/42AH 
can save 
all necessary data before Vcc falls outside normal 
operating tolerance. 


2) A "Power Failure" signal is used to interrupt the 


processor (via a timer overflow interrupt, 
for in- 
stance) and call a Power Failure service routine. 


3) The Power Failure routine saves all important data 


and machine status in the RAM array. The routine 
may also initiate transfer of a backup supply to the 
Voo pin and indicate to external circuitry that the 
Power Failure routine is complete. 
4) A RESET signal is applied by external hardware to 


guarantee data will not be altered as the power sup- 
ply falls out of limits. RESET must be low until Vcc 
reaches ground potential. 


Recovery from the Power-Down mode can occur as • 
any other power-on sequence. An external I JJofdcapac- 
• 
itor on the RESET input will provide the necessary 
initialization pulse. 
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( 
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Figure 4-4. Power-Down Sequence 
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CHAPTER 5 
SYSTEM OPERATION 


The 
UPI-4IA/4IAH/42142AH 
Microcomputer 
func- 
tions as a peripheral 
to a master 
processor 
by using the 
data 
bus butTer registers 
to handle 
data 
transfers. 
The 
DBB configuration 
is illustrated 
in Figure 
5-1. The UPI 
Microcomputer's 
8 three-state 
data lines (07-00) con- 
nect 
directly 
to the master 
processor's 
data 
bus. Data 
transfer 
to the master 
is controlled 
by 4 external 
inputs 
to the UPI: 


• 
An 
Address 
Input 
signifying 
command 
or data 


• 
CS 
Chip Select 


• 
RD 
Read 
strobe 


• 
WR 
Write 
strobe 


~ 
STATUS 
~ 
REGISTER 


~ 


DATA BUS 
INPUT REGISTER 


- 
'- 
s< 
(8) 
DATA BUS 
.. 
OUTPUT REGISTER 


The 
master 
processor 
addresses 
the UPI-4IA/4IAH/ 
42142AH 
Microcomputer 
as a standard 
peripheral 
de- 
vice. Table 
5-1 shows the conditions 
for data transfer: 


Table 5-1. Data Transfer 
Controls 


CS 
Ao 
RD 
WR 
Condition 


0 
0 
0 
1 
Read DBBOUT 
0 
1 
0 
1 
Read STATUS 
0 
0 
1 
0 
Write DBBIN data, set F1 = 0 
0 
1 
1 
0 
Write DBBIN command 
set 
F1 = 1 
1 
x 
x 
x 
Disable DBB 


Reading the DBBOUT.Register 


The 
sequence 
for 
reading 
the 
DBBOUT 
register 
is 
shown 
in Figure 
5-2. This 
operation 
causes 
the 
8-bit 
contents 
of the DBBOUT 
register 
to be placed 
on the 
system 
Data 
Bus. The OBF flag is cleared 
automatical- 
ly. 


The 
sequence 
for reading 
the UPI 
Microcomputer's 
8 
STATUS 
bits is shown 
in Figure 
5-3. This 
operation 
causes the 8-bit STATUS 
register 
contents 
to be placed 
on the system 
Data 
Bus as shown. 
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The sequence for writing data to the DBBIN register is 
shown in Figure 5-4. This operation causes the system 
Data Bus contents to be transferred to the DBBIN reg- 
ister and the IBF flag is set. Also, the F 1 flag is cleared 
(F1 = 0) and an interrupt request is generated. When 
the IBF interrupt is enabled, a jump to location 3 will 
occur. The interrupt request is cleared upon entering 
the IBF service routine or by a system RESET input. 


The sequencefor writing commands to the DBBIN reg- 
ister is shown in Figure 5-5. This sequence is identical 
to a data write except that the Ao input is latched in the 
Fl flag (FI = I). The IBF flag is set and an interrupt 
request is generated when the master writes a command 
to DBB. 


The UPI-4lA/4lAH/42142AH 
Microcomputer con- 
trols the transfer of DBB data to its accumulator by 
executing INput and OUTput instructions. An IN 
A,DBB instruction causes the contents to be trans- 
ferred to the UPI accumulator and the IBF flag is 
cleared. 


The OUT DBB,A instruction causes the contents of the 
accumulator to be transferred to the DBBOUT register. 
The OBF flag is set. 


The UPI's data bus butTerinterface is applicable to a 
variety of microprocessors including the 8086, 8088, 
8085AH, 8080, and 8048. 


A description of the interface to each of these proces- 
sors follows. 


\ 
/ 
( 
) 
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Figure 5-6 illustrates an 8085AH system using a UPI- 
4lA/4lAH/42142AH. 
The 8085AH system uses a 
multiplexed address and data bus. During I/O the 8 
upper address lines (AS-AlS) contain the same I/O 
address as the lower 8 address/data lines (Ao-A7); 
therefore I/O address decoding is done using only the 
upper 8 lines to eliminate latching of the address. An 
8205 decoder provides address decoding for both the 
UPI and the 8237. Data is transferred using the two 
DMA handshaking lines of PORT 2. The 8237 per- 
forms the actual bus transfer operation. Using the UPI- 
4IA/4IAH/42142AH's 
OBF master interrupt, 
the 
UPI notifies the 8085AH upon transfer completion us- 6 
ing the RST 5.5 interrupt input. The IBF master inter- 
rupt is not used in this example. 


Figure 5-7 illustrates a'UPI-4lA/4lAH/42142AH 
in- 


terface to an 8088 minimum mode system. Two 8-bit 
latches are used to demultiplex the address and data 
bus. The address bus is 20-lineswide. For I/O only, the 
lower 16 address lines are used, providing an address- 
ing range of 64K. UPI address selection is accom- 
plished using an 8205 decoder. The Ao address line of 
the bus is connected to the corresponding UPI input for 
register selection. Since the UPI is polled by the 8088, 
neither DMA nor master interrupt capabilities of the 
UPI are used in the figure. 


The UPI-4lA/4lAH/42142AH 
can be used on an 
8086 maximum mode system as shown in Figure 5-8. 
The address and data bus is demultiplexed using three 
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8282 latches providing separate address and data buses. 
The address bus is 20-lines wide and the data bus is 16- 
lines wide. Multiplexed control lines are decoded by the 
8288. The UPI's CS input is provided by linear selec- 
tion. Note that the UPI is both I/O mapped and memo- 
ry mapped as a result of the linear addressing tech- 
nique. An address decoder may be used to limit the 
UPI-4IA/4IAH/42/42AH 
to a specific I/O mapped 
address. Address line Al is connected to the UPI's Ao 
input. This insures that the registers of the UPI will 
have even I/O addresses. Data will be transferred on 
Do-D7 lines only. This allows the I/O registers to be 
accessed using byte manipulation instructions. 


Figure 5-9 illustrates the interface to an 8080A system. 
In this example, a crystal and capacitor are used for 
UPI-41A14IAH/42142AH 
timing reference and pow- 
er-on RESET. If the 2-MHz 8080A 2-phase clock were 
used instead of the crystal, the UPI-41A14IAH/421 
42AH would run at only 16% full speed. 


The Ao and CS inputs are direct connections to the 
8080 address bus. In larger systems, however, either of 
these inputs may be decoded from the 16 address lines. 


The RD and WR inputs to the UPI can be either the 
lOR and lOW or the MEMR and MEMR signals de- 
pending on the I/O mapping technique to be used. 


The UPI can be addressed as an I/O device using IN- 
put and OUTput instructions in 8080 software. 


Figure 5c10 shows the UPI interface to an 8048 master 
processor. 


The 8048 RD and WR outputs are directly compatible 
with the UPI. Figure 5-11 shows a distributed process- 
ing system with up to seven UPI's connected to a single 
8048 master processor. 


In this configuration the 8048 uses PORT 0 as a data 
bus. I/O PORT 2 is used to select one of the seven 
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UPI's when data transfer occurs. The UPI's are pro- 
grammed to handle isolated tasks and, since they oper- 
ate in parallel, system throughput is increased. 


GENERAL 
HANDSHAKING 
PROTOCOL 


1) Master reads STATUS register (RD, CS,& = (0, 


0, 1» in polling or in response to either an IBF or an 
OBF interrupt. 
2) If the UPI DBBIN register is empty (IBF flag = 0), 


Master writes a word to the DBBIN register (WR, 


CS, Ao = (0, 0, 1) or (0, 0, 0». If Ao = I, write 
command word, set FI. If Ao = 0, write data word, 
FI = O. 


3) If the UPI DBBOUT register is full (OBF flag = I), 


Master reads a word from the DBBOUT register 
(RD, CS, Ao = (0,0, 0». 


4) UPI recognizes IBF (via IBF interrupt or JNIBF). 


Input data or command word is processed, depend- 
ing on Fl; IBF is reset. Repeat step 1 above. 


5) UPI recognizes OBF flag = 0 (via JOBF). Next 


word is output to DBBOUT register, OBF is set. 
Repeat step 1 above. 
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CHAPTER 6 
APPLICATIONS 


The UPI-41A/41AH/42/42AH 
is designed to fill a 
wide variety of low to medium speed peripheral inter- , 
face applications where flexibility and easy implementa- 
tion are important considerations. The following exam- 
ples illustrate some typical applications. 


Figure 6-1 illustrates a keyboard encoder configuration 
using the UPI and the 8243 I/O expander to scan a 
128-key matrix. The encoder has switch matrix scan- 
ning logic, N-key rollover logic, ROM look-up table, 
FIFO character buffer, and additional outputs for dis- 
play functions, control keys or other special functions. 


PORT 1 and PORTs 4-7 provide the interface to the 
keyboard. PORT I lines are set one at a time to select 
the various key matrix rows. 


When a row is energized all 16 columns (i.e., PORTs 
4- 7 inputs) are sampled to determine if any switch in 
the row is closed. The scanning software is code effi- 


cient because the UPI instruction set includes individu- 
al bit set/clear operations and expander PORTs 4-7 
can be directly addressed with single, 2-byte instruc- 
tions. Also, accumulator bits can be tested in a single 
operation. Scan time for 128 keys is about 10 ms. Each 
matrix point has a unique binary code which is used to 
address ROM when a key closure is detected. Page 3 of 
ROM contains a look-up table with useable codes (i.e., 
ASCII, EBCDIC, etc.) which correspond to each key. 
When a valid key closure is detected the ROM code 
corresponding to that key is stored in a FIFO buffer in 
data memory for transfer to the master processor. To 
avoid stray noise and switch bounce, a key closure must 
be detected on two consecutive scans before it is consid- 
ered valid and loaded into the FIFO buffer. The FIFO 
buffer allows multiple keys to be processed as they are 
depressed without regard to when they are released, a 
condition known as N-key rollover. 


The basic features of this encoder are fairly standard 
and require only about 500 bytes of memory. Since the 
UPI is programmable and has additional memory ca- 
pacity it can handle a number of other functions. For 
example, special keys can be programmed to give an 
entry on closing as well as opening. Also, I/O lines are 
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available to control a 16-digit, 7-segment display. The 
UPI can also be programmed to recognize special com- 
binations 
of characters 
such 
as 
commands, 
then 
transfer only the decoded information to the master 
processor. 


A complete keyboard application has been developed 
for the UPI-41A/41AH/42142AH 
description is in- 
cluded in this section. The code for the application is 
available in the Intel Insite Library (program AB 147). 


The bus structure shown represents a generalized, 8-bit 
system bus configuration. The UPl's three-state inter- 
face port and asynchronous data buffer registers allow 
it to connect directly to this type of system for efficient, 
two-way data transfer. 


The UPl's two on-board I/O ports provide up to 16 
input and output signals to control the printer mecha- 
nism. The timer/event counter is used for generating a 
timing sequence to control print head position, line 
feed, carriage return, and other sequences. The on- 
board program memory provides character generation 
for 5 x 7, 7 x 9, or other dot matrix formats. As an 
added feature a portion of the data memory can be used 
as a FIFO buffer so that the master processor can send 
a block of data at a high rate. The UPI can then output 
characters from the buffer at a rate the printer can ac- 
cept while the master processor returns to other tasks. 


The matrix printer interface illustrated in Figure 6-2 is 
a typical application for the UPI. The actual printer 
mechanism could be any of the numerous dot-matrix 
types and similar configurations 
can be shown for 
drum, spherical head, daisy wheel or chain type print- 
ers. 
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The 8295 Printer Controller is an example of an UPI 
preprogrammed as a dot matrix printer interface. 


Tape Cassette Controller 


Figure 6-3 illustrates a digital cassette interface which 
can be implemented with the UPI. Two sections of the 
tape transport are controlled by the UPI: digital datal 
command logic, and motor servo control. 


The motor servo requires a speed reference in the form 
of a monostable pulse whose width is proportional to 
the desired speed. The UPI monitors a prerecorded 
clock from the tape and uses its on-board interval timer 
to generate the required speed reference pulses at each 
clock transition. 


Recorded data from the tape is supplied serially by the 
data/command 
logic and is converted to 8-bit words by 


the UPI 
then transferred to the master processor. At 


'10 ips t~pe speed the UPI can easily handle the 8000 
bps data rate. To record data, the UPI uses the two 
input lines to the data/command 
logic which control 
the flux direction in the recording head. The UPI also 
monitors 4 status lines from the tape transport includ- 
ing: end of tape, cassette inserted, busy, and write per- 
mit. All control signals can be handled by the UPI's 
two I/O ports. 


Universal 
110 Interface 


Figure 6-4 shows an I/O interface design based on the 
UPI. This configuration includes 12 parallel I/O lines 
and a serial (RS232C) interface for full duplex data 
transfer up to 1200 baud. This type of design can be 
used to interface a master processor to a broad spec- 
trum of peripheral devices as well as to a serial commu- 
nication channel. 


PORT I is used strictly for I/O in this example while 
PORT 2 lines provide five functions: 


• P23-P20 
I/O lines (bidirectional) 
• P24 
Request to send (RTS) 
• P25 
Clear to send (CTS) 
• P26 
Interrupt to master 
• P27 
Serial data out 


The parallel 110 lines make use of the bidirectional 
port structure of the UPI. Any line can function as an 
input or output. All port lines are automatically initial- 
ized'to I by a system RESET pulse and remain latched. 
An external TTL signal connected to a port line will 
override the UPI's 50 Kfi internal pull-up so that an 
INPUT instruction will correctly sample the TTL sig- 
nal. 
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Figure 6-3. Tape Transport Controller 
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Four PORT 2 lines function as general I/O similar to 
PORT I. Also, the RTS signal is generated on PORT 2 
under software control when the UPI has serial data to 
send. The ers signal is monitored via PORT 2 as an 
enable to the UPI to send serial data. A PORT 2 line is 
also used as a software generated interrupt to the mas- 
ter processor. The interrupt functions as a service re- 
quest when the UPI has a byte of data to transfer or 
when it is ready to receive. Alternatively, 
the EN 
FLAGS instruction could be used to create the OBF 
and IBF interrupts on P24 and P25' 


The RS232C interface is implemented using the TEST 
o pin as a receive input and a PORT 2 pin as a transmit 
output. External packages (Ao, AI) are used to provide 
RS232C drive requirements. The serial receive software 
is interrupt driven and uses the on-chip timer to per- 
form time critical serial control. After a start bit is de- 
tected the interval timer can be preset to generate an 
interrupt at the proper time for sampling the serial bit 
stream. This eliminates the need for software timing 


PARALLEL 
I/O 
,-J--, 


loops and allows the processor to proceed to other tasks 
(i.e., parallel I/O operations) between serial bit sam- 
ples. Software flags are used so the main program can 
determine when the interrupt driven receive program 
has a character assembled for it. 


This type of configuration allows system designers flex- 
ibility in designing custom I/O interfaces for specific 
serial and parallel I/O applications. For instance, a sec- 
ond or third serial channel could be substituted in place 
of the parallel I/O if required. The UPI's data memory 
can buffer data and commands for up to 4 low-speed 
channels (110 baud teletypewriter, etc.) 


The following application notes illustrate the various 
applications of the UPI family. Other related publica- 
tions including the Microcontrol/er 
Handbook 
are avail- 
able through the Intel Literature Department. 
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CHMOS PROGRAMMABLE 
1/0 PROCESSOR 


83C452 - 8K x 8 Mask Programmable 
Internal ROM 


80C452 - External ROM/EPROM 
• 83C452/80C452:3.5 
to 14 MHz Clock 
• Two 16·Bit Timer/Counters 
Rate 
• Boolean 
Processor 
• Software 
Compatible 
with the MCS-51 
• Bit Addressable 
RAM 
Family 


128-Byte 
Bi-Directional 
FIFO Slave 
• 8 Interrupt 
Sources 
• Interface 
• Programmable 
Full Duplex Serial 


Two DMA Channels 
Channel 
• 
256 x 8-Bit Internal 
RAM 
• 64K Program 
Memory 
Space 
• 
34 Additional 
Special Function 
• 64K Data Memory 
Space 
• Registers 
• 68-Pin PGA and PLCC 
• 40 Programmable 
I/O Lines 
(See 
Packaging 
Spec., 
Order: 
# 231369) 


The Intel UPI-452 (Universal 
Peripheral 
Interface) 
is a 68 pin CHMOS Slave I/O Processor 
with a sophisticated 
bi-directional 
FIFO buffer interface 
on the slave bus and a two channel 
DMA processor 
on-chip. 
The UPI-452 
is the newest 
member of Intel's UPI family of products. 
It is a general-purpose 
slave I/O Processor 
that allows 
the designer 
to grow a customized 
interface 
solution. 


The UPI-452 contains 
a complete 
80C51 with twice the on-chip 
data and program 
memory. 
The sophisticated 
slave FIFO module acts as a buffer between 
the UPI-452 internal CPU and the external 
host CPU. To both the 
external 
host and the internal CPU, the FIFO module looks like a bi-directional 
bottomless 
buffer that can both 
read 
and write 
data. 
The 
FIFO 
manages 
the transfer 
of data 
independent 
of the 
UPI-452 
core 
CPU and 
generates 
an interrupt 
or DMA request 
to either CPU, host or internal, 
as a FIFO service 
request. 


The FIFO consists 
of two channels:the 
Input FIFO and the Output 
FIFO. The division 
of the FIFO module 
• 
array, 
128 bytes, between 
Input channel 
and Output 
channel 
is programmable 
by the user. Each FIFO byte 
• 
has an additional 
logical 
ninth 
bit to distinguish 
between 
a data 
byte and a Data Stream 
Command 
byte. 


Additionally, 
Immediate 
Commands 
allow 
direct, 
interrupt 
driven, 
bi-directional 
communication 
between 
the 
UPI-452 
internal 
CPU and external 
host CPU, bypassing 
the FIFO. 


The on-chip 
DMA processor 
allows 
high speed data transfers 
from one writeable 
memory 
space to another. 


As many as 64K bytes can be transferred 
in a single DMA operation. 
Three distinct 
memory 
spaces 
may be 
used in DMA operations; 
Internal 
Data Memory, 
External 
Data Memory, 
and the Special 
Function 
Registers 
(including 
the FIFO IN, FIFO OUT, and Serial Channel 
Special 
Functions 
Registers). 
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Figure 2. UPI-452 58-Pin PGA Pinout Diagram 
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P.C. Board View-As 
Viewed 
from the Component 
Side of the P.C. Board 
(Underside 
of Socket) 
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These 
UPI Microcontrollers 
are fully 
supported 
by 
Intel's development 
tools 
(ICE, ASM and PLM). 


The UPI-452 
joins the current 
members 
of the UPI 
microcontroller 
family. 
UPI's 
are derivatives 
of the 
MCSTM family 
of microcontrollers. 
Because 
of their 
on-chip 
system 
bus interface, 
UPl's are designed 
to 
be system 
bus "slaves", 
while their microcontroller 
counterparts 
are intended 
as system bus "masters". 


The 80C452/83C452 
is available 
in either 
a 68-pin 
PGA (Pin Grid Array) or 68-pin PLCC package. 


UPI Family 
MCSFamlly 
RAM 
ROM 
(Slave 
(Master 
Speed 
(Bytes) 
(Bytes) 
Configuration) 
Configuration) 


80C452 
80C51 
12 MHz 
256 
- 


83C452 
80C51 
12 MHz 
256 
8K 


80C452-1 
80C51 
14 MHz 
256 
- 


83C452-1 
80C51 
14 MHz 
256 
8K 


Symbol 
Pin ;if 
Type 
Name and Function 


Vss 
9/43 
I 
Circuit Ground. 


Vcc 
60 
I 
+ 5V power supply during normal and idle mode operation. 
It is also 
the standby power pin for power down mode. 


XTAL1 
38 
I 
Input to the oscillator's 
high gain amplifier. 
A crystal or external 
source can be used. 


XTAL2 
39 
0 
Output from the high gain amplifier. 


Port 0 
1/0 
Port 0 is an 8-bit open drain bi-directional 
1/0 port. Port 0 can sink 
(ADO-AD?) 
eight LS TTL inputs. It is also the multiplexed 
low-order 
address and 
PO.O 
8 
data local expansion 
bus during accesses 
to external 
memory . 
.1 
10 


.2 
11 


.3 
12 


.4 
13 
.5 
14 
.6 
15 
PO.? 
16 


inter 


Symbol 
Pin # 
Type 
Name and Function 


Port 1 
I/O 
Port 1 is an 8-bit quasi-bi-directional 
flO port. 
Port 1 can sink four 


(AO-Al.L- 
LS TTL inputs. The alternate 
functions 
can only be activated 
if the 


(HLD, HLDA) 
corresponding 
bit latch in the port SFR contains 
a 1. Otherwise, 
the 
P1.0 
7 
port pin is stuck at O. Pins P1.5 and P1.6 are multiplexed 
with HLD 
and HLDA respectively 
whose functions 
are defined 
as below: 
.1 
6 
Port Pin 
Alternate 
Function 
.2 
5 
P1.5 
HLD 
-Local 
bus hold 


.3 
4 
input! output signal 


.4 
3 
P1.6 
HLDA -Local 
bus hold 
.5 
2 
acknowledge 
input 
.6 
1 
P1.7 
68 


Port 2 
I/O 
Port 2 is an 8-bit quasi-bi-directionall/O 
port. It also emits the high- 


(A8-A15) 
order 8 bits of address when accessing 
local expansion 
bus 


P2.0 
29 
external 
memory. 
Port 2 can sink four LS TTL inputs . 


.1 
28 


.2 
27 


.3 
25 


.4 
24 


.5 
23 


.6 
22 


.7 
21 


Port 3 
I/O 
Port 3 is an 8-bit quasi-bi-directionall/O 
port. It is also multiplexed 
P3.0 
67 
with the interrupt, 
timer, local serial channel, 
RD/ and WR/ 


.1 
66 
functions 
that are used by various options. The alternate 
functions 


.2 
65 
can only be activated 
if the corresponding 
bit latch in the port SFR 


.3 
64 
contains 
a 1. Otherwise, 
the port pin is stuck at O. Port 3 can sink 
.4 
63 
four LS TTL inputs. The alternate 
functions 
assigned 
to the pins of 
.5 
62 
Port 3 are as follows: 
.6 
61 
Port Pin 
Alternate 
Function 
P3.7 
59 
P3.0 
RxD 
- 
Serial input port 
P3.1 
TxD 
- 
Serial output port 
P3.2 
INTO 
- 
Interrupt 0 Input 
P3.3 
INT1 
- 
Interrupt 
1 Input 
P3.4 
TO 
- 
Input to counter 
0 
P3.5 
T1 
- 
Input to counter 
1 
P3.6 
WR/ 
- 
The write control 
signal latches the 
data from Port 0 outputs into the 
External Data Memory on the 
local bus. 
P3.7 
RD/ 
- 
The read control 
signal latches the 
data from Port 0 outputs on the 
local bus. 
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Symbol 
Pin iF 
Type 
Name and Function 


Port 4 
I/O 
Port 4 is an 8-bit quasi-bi-directional 
I/O port. Port 4 can sink/ 
P4.0 
30 
source four TTL inputs. 
.1 
.2 
32 
.3 
- 
33 


.4 
34 


.5 
35 


.6 
36 
.7 
37 


RST 
20 
I 
A high level on this pin for two machine 
cycles while the oscillator 
is 
running resets the device. An internal pulldown 
resistor permits 
Power-on 
reset using only a capacitor 
connected 
to Vcc. 
This pin does not receive the power down voltage 
as is the case for 
HMOS MCS-51 family members. 
This function 
has been transferred 
to the VCC pin. 


ALE 
18 
0 
Provides Address 
Latch Enable output used for latching the 
address into external 
memory during normal operation. 
ALE can 
sink/source 
eight LS TTL inputs. 


PSEN 
19 
0 
The Program Store Enable output is a control 
signal that enables 
the external 
Program Memory to the bus during normal fetch 
operation. 
PSEN can sink/source 
eight LS TTL inputs. 


EA 
17 
I 
When held at TTL high level, the UPI-452 executes 
instructions 
from the internal 
ROM when the PC is less than 8192 (8K, 2000H). 


When held at a TTL low level, the UPI-452 fetches 
all instructions 
from external 
Program Memory. 


DBO 
58 
I/O 
Host Bus Interface 
is an 8-bit bi-directional 
bus. It is used to transfer 
DB1 
57 
data and commands 
between 
the UPI-452 and the host processor. 


DB2 
56 
This bus can sink/source 
eight LS TTL inputs. 
DB3 
55 
DB4 
54 
DB5 
53 
DB6 
52 
DB7 
51 
CS 
44 
I 
This pin is the Chip Select of the UPI-452. 


AO 
40 
I 
These three address lines are used to interface 
with the host 
A1 
41 
system. They define the UPI-452 operations. 
The interface 
is 
A2 
42 
compatible 
with the Intel microprocessors 
and the MUL TIBUS. 


READ 
46 
I 
This pin is the read strobe from the host CPU. Activating 
this pin 
causes the UPI-452 to place the contents 
of the Output FIFO (either 
a command 
or data) or the Host Status/Control 
Special 
Function 
Register on the Slave Data Bus. 


WRITE 
47 
I 
This pin is the write strobe from the host. Activating 
this pin will 
cause the value on the Slave Data Bus to be written into the register 
specified 
by AO-A2. 


DRQIN/ 
49 
0 
This pin requests 
an input transfer from the host system whenever 
INTRQIN 
the Input Channel 
requires data. 


DRQOUT/ 
48 
0 
This output pin requests 
an output transfer whenever 
the Output 
INTRQOUT 
Channel 
requires service. 
If the external 
host to UPI-452 DMA is 
enabled, 
and a Data Stream Command 
is at the Output FIFO, 
DRQOUT 
is deactivated 
and INTRQ is activated 
(see 'GENERAL 
PURPOSE 
DMA CHANNELS' 
section). 
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Symbol 
Pin # 
Type 
Name and Function 


INTRQ 
50 
0 
This output pin is used to interrupt the host processor 
when an 
Immediate 
Command 
Out or an error condition 
is encountered. 
It is 
also used to interrupt the host processor 
when the FIFO requests 
service if the DMA is disabled 
and INTRQIN 
and INTRQOUT 
are 
not used. 


DACK 
45 
I 
This pin is the DMA acknowledge 
for the host bus interface 
Input 
and Output Channels. 
When activated, 
a write command 
will cause 
the data on the Slave Data Bus to be written as data to the Input 
Channel 
(to the Input FIFO). A read command 
will cause the Output 
Channel to output data (from the Output FIFO) on to the Slave Data 
Bus. This pin should be driven high (+ 5V) in systems which do not 
have a DMA controller 
(see Address 
Decoding). 


Vcc 
26 
I 
+ 5V power supply during operation. 


The 
UPI-452 
slave 
microcontroller 
incorporates 
an 
80C51 with double the program 
and data memory, 
a 
slave interface 
which 
allows 
it to be connected 
di- 
rectly to the host system bus as a peripheral, 
a FIFO 
buffer module, a two channel 
DMA processor, 
and a 
fifth 
I/O 
port (Figure 
3). The UPI-452 
retains 
all of 
the 80C51 
architecture, 
and is fully compatible 
with 
the MCS-51 
instruction 
set. 


The Special 
Function 
Register 
(SFR) interface 
con- 
cept 
introduced 
in the MCS-51 
family 
of microcon- 


trollers 
has been expanded 
in the UPI-452. 
To the 
20 Special 
Function 
Registers 
of the MCS-51, 
the 
UPI-452 
adds 
34 
more. 
These 
additional 
Special 
Function 
Registers, 
like those 
of the MCS-51, 
pro- 
vide access 
to the UPI-452 
functional 
elements 
in- 
cluding the FIFO, DMA and added interrupt 
capabili- 


ties. 
Several 
of the 
80C51 
core 
Special 
Function 
Registers 
have also been expanded 
to support 
add- 
ed features 
of the UPI-452. 


This data sheet describes 
the unique features 
of the 
UPI-452. 
Refer 
to the 80C51 
data sheet 
for a de- 


scription 
of 
the 
UPI-452's 
core 
CPU 
functional 


blocks 
including; 


- 
Timers/Counters 


-I/O 
Ports 


- 
Interrupt 
timing and control 
(other than FIFO and 
DMA interrupts) 


- 
Serial Channel 


- 
Local Expansion 
Bus 


- 
Program/Data 
Memory 
structure 


- 
Power-Saving 
Modes of Operation 


- 
CHMOS 
Features 


- 
Instruction 
Set 


Figure 3 contains 
a conceptual 
block diagram 
of the 
UPI-452. 
Figure 
4 provides 
a functional 
block 
dia- 


gram. 


A unique feature 
of the UPI-452 is the incorporation 
of a 128 byte FIFO array at the host-slave 
interface. 


The FIFO allows 
asynchronous 
bi-directional 
trans- 


fers between 
the host CPU and the internal 
CPU. 


inter 


ADDITIONAL FEATURES: 
I 
-SERIAL 
CHANNEL 
I 
-EXTERNAL 
INTERRUPTS I 
-HLD/HLDACK 
-LOCAL 
EXPANSION 
BUS 
-RD 
-WR 
-EXTERNAL 
COUNTER INPUT 
-EPROlol 
PROGRAlol 
AND VERIFY 
CONTROL 
,,------------- 


The division of the 128 bytes between Input and 
Output channels is user programmable allowing 
maximum flexibility. If the entire 128 byte FIFO is 
allocated to the Input channel, a high performance 
Host can transfer up to 128 bytes at one time, then 
dedicate its resources to other functions while the 
internal CPU processes the data in the FIFO. Vari- 
ous handshake signals allow the external Host to 
operate independently and without frequent monitor- 
ing of the UPI-452 internal CPU. The FIFO Buffer 
insures that the slave processor receives data in the 
same order that it was sent by the host without the 
need to keep track of addresses. Three slave bus 
interface handshake methods are supported by the 
UPI-452: DMA, Interrupt and Polled. 


The FIFO is nine bits wide. The ninth bit acts as a 
command/data flag. Commands written to the FIFO 
by either the host or internal CPU are called Data 
Stream Commands or DSCs. DSCs are written to 
the input FIFO by the Host via a unique external 
address. DSCs are written to the output FIFO by the 
internal CPU via the COMMAND OUT Special Func- 
tion Register (SFR). When encountered by the host 
or internal CPU a Data Stream Command can be 
used as an address vector to user defined service 
routines. DSCs provide synchronization of data and 
commands between the Host and internal CPU. 


Size of Input/Output 
Channels 


The 128 bytes of FIFO space can be allocated be- 
tween the Input and Output channels via the Chan- 


nel Boundary Pointer (CBP) SFR. This register con- 
tains the number of address locations assigned to 
the Input channel. The remaining address locations 
are automatically assigned to the Output FIFO. The 
CBP SFR can only be programmed by the internal 
CPU during FIFO DMA Freeze Mode (See FIFO-Ex- 
ternal Host Interface FIFO DMA Freeze Mode de- 
scription). The CBP is initialized to 40H (64 bytes) 
upon reset. 


The number in the Channel Boundary Pointer SFR is 
actually the first address location of the Output 
FIFO. Writing to the CBP SFR reassigns the Input 
and Output FIFO address space. Whenever the CBP 
is written, the Input FIFO pointers are reset to zero 
and the Output FIFO pointers are set to the value in 
the CBP SFR. 
• 


All of the FIFO space may be assigned to one chan- 
nel. In such a situation the other channel's data path 
consists of a single SFR (FIFO IN/COMMAND IN or 
FIFO OUT/COMMAND OUT SFR) location. 


. CBP 
Input FIFO 
Output FIFO 
Register 
Size 
Size 
0 
1 
128 
1 
1 
128 
2 
2 
126 
3 
3 
125 
4 
4 
124 
• 
• 
• 
7B 
123 
5 
7C 
124 
4 
7D 
125 
3 
7E 
128 
1 
7F 
128 
1 
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These normally operate 
in auto-increment 
(and auto- 


rollover) 
mode, but can be reassigned 
by the internal 


CPU during FIFO DMA Freeze Mode (See FIFO-Ex- 
ternal 
Host 
Interface 
FIFO 
DMA 
Freeze 
Mode 
de- 


scription). 


ThreshOld Register 


The Input FIFO Threshold 
SFR contains 
the number 


of empty 
bytes that 
must be available 
in the Input 


FIFO to generate 
a Host interrupt. 
The Output 
FIFO 


Threshold 
SFR contains 
the number 
of bytes, data 


and/or 
DSC(s), that must be in the FIFO before 
an 


interrupt 
is generated. 
The 
Threshold 
feature 
pre- 


vents the Host from being interrupted 
each time the 


FIFO needs to load or unload one byte of data. The 
thresholds, 
therefore, 
allow the FIFO's 
operation 
to 


be adjusted 
to the speed of the Host, optimizing 
the 


overall 
interface 
performance. 


The UPI-452 provides, 
in addition 
to data and DSCs, 


a third direct means 
of communication 
between 
the 


external 
Host 
and 
internal 
CPU 
called 
Immediate 


Commands. 
As 
the 
name 
implies, 
an 
Immediate 


Command 
is available 
to the receiving 
CPU immedi- 


ately, via an interrupt, 
without 
being entered 
into the 


FIFO 
as are 
Data 
Stream 
Commands. 
Like 
Data 


Stream 
Commands, 
Immediate 
Commands 
are writ- 


ten either via a unique external 
address 
by the host 


CPU, or via dedicated 
SFR by the internal 
CPU. 


The 
DSC 
and/or 
Immediate 
Command 
interface 


may be defined 
as either 
Interrupt 
or Polled 
under 


user program 
control 
via the 
Interrupt 
Enable 
(IE), 
Slave 
Control 
Register 
(SLCON), 
and Interrupt 
En- 


able Priority (IEP) Special 
Function 
Registers, 
for the 


internal 
CPU and via the Host Control 
SFR for the 


external 
Host CPU. 


of the three write able memory 
spaces: 
Internal 
Data 


Memory, 
External 
Load Expansion 
Bus Data Memo- 


ry and the Special 
Function 
Register 
array. The Spe- 


cial 
Function 
Register 
array 
appears 
as a set 
of 


unique dedicated 
memory 
addresses 
which 
may be 


used as either the source or destination 
address of a 


DMA transfer. 
Each DMA channel 
is independently 


programmable 
via dedicated 
Special 
Function 
Reg- 


isters for mode, 
source 
and destination 
addresses, 


and byte count to be transferred. 
Each DMA channel 


has four .programmable 
modes: 


- 
Alternate 
Cycle Mode 


- 
Burst Mode 


- 
FIFO or Serial Channel 
Demand 
Mode 


- 
External 
Demand 
Mode 


A complete 
description 
of each mode and DMA op- 


eration 
may be found 
in the section 
titled 
"General 


Purpose 
DMA Channels". 


FIFO/SLAVE 
INTERFACE 
FUNCTIONAL 
DESCRIPTION 


The FIFO is a 128 Byte RAM array with recirculating 
pointers 
to manage 
the 
read 
and 
write 
accesses. 


The FIFO consists 
of an Input and an Output 
chan- 


nel. Access 
cycles 
to the FIFO by the internal 
CPU 


and external 
Host are interleaved 
and appear 
to be 


occurring 
concurrently 
to both the internal 
CPU and 


external 
Host. 
Interleaving 
access 
cycles 
ensures 


efficient 
use of this 
shared 
resource. 
The 
internal 
6 


CPU accesses 
the FIFO in the same 
way it would 


access 
any of the Special 
Function 
Registers 
e.g., 


direct and register 
indirect 
addressing 
as well as ar- 


ithmetric 
and logical 
instructions. 


The 
Input FIFO Channel 
provides 
for data transfer 


from the external 
Host to the internal CPU (Figure 5). 


The registers 
associated 
with the Input Channel 
dur- 


ing normal operation 
are listed in Table 
1*. 
The UPI-452 
contains 
a two channel 
internal 
DMA 


controller 
which allows transfer 
of data between 
any 


Table 
1. Input FIFO Channel 
Registers· 


Register 
Name 
Description 


1) 
Input Buffer Latch 
Host CPU Write only 
2) 
FIFO INSFR 
Internal CPU Read only 


3) 
COMMAND 
IN SFR 
Internal CPU Read only 


4) 
Input FIFO Read Pointer SFR 
Internal CPU Read only 
5) 
Input FIFO Write Pointer SFR 
Internal CPU Read only 


6) 
Input FIFO Threshold 
SFR 
Internal CPU Read only 


inter 


The host CPU writes data and Data Stream Com- 
mands into the Input Buffer Latch on the rising edge 
of the external WR signal. External addressing de- 
termines whether the byte is a data byte or Data 
Stream Command and the FIFO logic sets the ninth 
bit of the FIFO accordingly as the byte is moved 
from the Input Buffer Latch into the FIFO. A "1" in 
the ninth bit indicates that the incoming byte is a 
Data Stream Command. The internal CPU reads 
data bytes via the FIFO IN SFR, and Data Stream 
Commands via the COMMAND IN SFR. 


A Data Stream Command will generate an interrupt 
to the internal CPU prior to peing read and after 
completion of the previous operation. The DSC can 
then be read via the COMMAND IN SFR. Data can 
only be read via the FIFO IN SFR and Data Stream 
Commands via the COMMAND IN SFR. Attempting 
to read Data Stream Commands as data by address- 
ing the FIFO IN SFR will result in "OFFH" being 
read, and the Input FIFO Read Pointer will remain 
intact. (This prevents accidental misreading of Data 
Stream Commands.) Attempting to read data as 
Data Stream Commands will have the same conse- 
quence. 


The Input FIFO Channel addressing is controlled by 
the Input FIFO Read and Write Pointer SFRs. These 
SFRs are read only registers during normal opera- 
tion. However, during FIFO DMA Freeze Mode (See 
FIFO-External Host Interface FIFO DMA Freeze 
Mode description), the internal CPU has write ac- 
cess to them. Any write to these registers in normal 
mode will have no effect. The Input Write Pointer 
SFR contains the address location to which datal 
commands are written from the Input Buffer Latch. 
The write pointer is automatically incremented after 
each write and is reset to zero if equal to the CBP, 
as the Input FIFO operates as a circular buffer. 


If a write is performed on an empty FIFO, the first 
byte is also written into the FIFO IN or COMMAND 
IN SFR. If the Host continues writing while the Input 
FIFO is full, an external interrupt, if enabled, is sent 
to the host to signal the overrun condition. The 
writes are ignored by the FIFO control logic. Similar- 
ly, an internal CPU read of an empty FIFO will cause 
an underrun error interrupt to be generated to the 
internal CPU and a value of "OFFH" will be read by 
the internal CPU. 


inter 


The Read Pointer SFR holds the address of the next 
byte to be read from the Input FIFO. An Input FIFO 
read operation 
post-increments the 
Input Read 
Pointer SFR and loads a new data byte into the 
FIFO IN SFR or a Data Stream Command into the 
COMMAND IN SFR at the end of the read cycle. 


number of bytes assigned to the Input FIFO (CBP) 
minus the number of bytes programmed in the Input 
FIFO Threshold SFR. With this feature the Host is 
assured that it can write at least a threshold number 
of bytes to the Input FIFO channel without worrying 
about an overrun condition. Once the Request for 
Service is generated it remains active until the Input 
FIFO becomes full. 
An Input FIFO Request for Service (via DMA, Inter- 
rupt or a flag) is generated to the Host whenever 
more data can be written into the Input FIFO. For 
efficient utilization of the Host, a "threshold" value 
can be programmed into the Input FIFO Threshold 
SFR. The range of values of the Input FIFO Thresh- 
old SFR can be from 0 to (CBP-3).The Request for 
Service Interrupt is generated only after the Input 
FIFO has room to accommodate a threshold number 
of bytes or more. The threshold is equal to the total 


The Output FIFO Channel provides data transfer 
from the UPI-452 internal CPU to the external Host 
(Figure 6). 


The registers associated with the Output Channel 
during normal operation are listed in Table 2·. 


TO 
EXTERNAL 


INTERRUPT 
IOWA 


REOUEST 
LOGIC 


Figure 6. Output FIFO Channel Functional 
Block Diagram 


Table 2. Output 
FIFO Channel 
Registers 


Register 
Name 
Description 


1) 
Output Buffer Latch 
Host CPU Read only 
2) 
FIFO OUT SFR 
Internal CPU Read and Write 
3) 
COMMAND OUT SFR 
Internal CPU Read and Write 
4) 
Output FIFO Read Pointer SFR 
Internal CPU Read only 
5) 
Output FIFO Write Pointer SFR 
Internal CPU Read only 
6) 
Output FIFO Threshold SFR 
Internal CPU Read only 


• 


inter 


The UPI-452 internal CPU transfers data to the Out- 
put FIFO via the FIFO OUT SFR and commands via 
the COMMAND OUT SFR. If the byte is written to 
the COMMAND OUT SFR, the ninth bit is automati- 
cally set (= 1) to indicate a Data Stream Command. 
If the byte is written to the FIFO OUT SFR the ninth 
bit is cleared (= 0). Thus the FIFO OUT and COM- 
MAND OUT SFRs are the same but the address de- 
termines whether the byte entered in the FIFO is a 
DSC or data byte. 


The Output FIFO preloads a byte into the Output 
Buffer Latch. When the Host issues a RD/ signal, 
the data is immediately read from the Output Buffer 
Latch. The next data byte is then loaded into the 
Output Buffer Latch, a flag is set and an interrupt, if 
enabled, is generated if the byte is a DSC (ninth bit 
is set). The operation is carefully timed such that an 
interrupt can be generated in time for it to be recog- 
nized by the Host before its next read instruction. 
Internal CPU write and external Host read opera- 
tions are interleaved at the FIFO so that they appear 
to be occurring concurrently. 


The Output FIFO read and write pointer operation is 
the same as for the Input Channel. Writing to the 
FIFO OUT or COMMAND OUT SFRs will increment 
the Output Write Pointer SFR but reading from it will 
leave the write pointer unchanged. A rollover of the 
Output FIFO Write Pointer causes the pointer to be 
reset to the value in the Channel Boundary Pointer 
(CBP) SFR. 


If the external host attempts to read a Data Stream 
Command as a data byte it will result in invalid data 
(OFFH) being read. The DSC is not lost because the 
invalid read does not increment the pointer. Similarly 
attempting to read a data byte as a Data Stream 
Command has the same result. 


A Request for Service is generated to the external 
Host under the following two conditions: 
1.) Whenever the internal CPU has written a thresh- 
old number of bytes or more into the Output FIFO 
(threshold = (OTHR) + 1). The threshold num- 
ber should be chosen such that the bus latency 
time for the external Host does not result in a 
FIFO overrun error condition on the internal CPU 
side. The threshold limit should be large enough 
to make a bus request by the UPI-452 to the ex- 
ternal host CPU worthwhile. Once a request for 
service is generated, the request remains active 
until the Output FIFO becomes empty. The range 
of values of the FIFO Output Threshold (OTHR) 
SFR is from 2 to {(80H-CBP)-11. The threshold 
number can be programmed via the OTHR SFR. 


2.) The second type of Request for Service is called 
"Flush Mode" and occurs when the internal CPU 
writes a Data Stream Command into the Output 
FIFO. Its purpose is to ensure that a data block 
entered into the Output FIFO, which is less than 
the programmed threshold, will generate a Re- 
quest for Service interrupt, if enabled, and be 
read, or "Flushed" from the Output FIFO, by the 
external host CPU regardless of the status of the 
OTHR SFR. 


Immediate Commands provide direct communica- 
tion between the external Host and UPI-452. Unlike 
Data Stream Commands which are entered into the 
FIFO, the Immediate Command is available to the 
receiving CPU directly, bypassing the FIFO. The Im- 
mediate Command can serve as a program vector 
pointing into a jump table in the recipients software. 
Immediate Command Interrupts are generated, if en- 
abled, and a bit in the appropriate Status Register is 
set when an Immediate Command is input or output. 
A similar bit is provided to acknowledge when an 
Immediate Command has been read and whether 
the register is available to receive another com- 
mand. The bits are reset when the Immediate Com- 
mands are read. Two Special Function Registers are 
dedicated to the Immediate Command interface. Ex- 
ternal addressing determines whether the Host is 
accessing the Input FIFO or the Immediate Com- 
mand IN (IMIN) SFR. The internal CPU writes Imme- 
diate Commands to the Immediate Command OUT 
(IMOUT) SFR. 


Both processors have the ability to enable or disable 
Immediate Command Interrupts. By disabling the in- 
terrupt, the recipient of the Immediate Command 
can poll the status SFR and read the Immediate 
Command at its convenience. 
Immediate Com- 
mands should only be written when the appropriate 
Immediate Command SFR is empty (as indicated in 
the appropriate status SFR:HSTAT/SSTAT). Simi- 
larly, the Immediate Command SFR should only be 
read when there is data in the Register. 


The flowcharts in Figure 7a and 7b illustrate the 
proper handshake mechanisms between the exter- 
nal Host and internal CPU when handling Immediate 
Commands. 
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Figure 7a. Handshake 
Mechanisms 
for Handling 
Immediate 
Command 
IN Flowchart 
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for Handling 
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OUT Flowchart 
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The Internal 
CPU interfaces 
with the FIFO slave module via the following 
registers: 


1) Mode Special 
Function 
Register 
(MODE) 


2) Slave Control 
Special 
Function 
Register 
(SLCON) 


3) Slave Status Special 
Function 
Register 
(SSTAT) 


Each register 
resides 
in the SFR Array and is accessible 
via all direct addressing 
modes 
except 
bit. Only the 
Slave Control 
Register 
(SLCON) 
is bit addressable. 


The MODE 
SFR provides 
the primary 
control 
of the external 
host-FIFO 
interface. 
It is included 
in the SFR 
Array so that the internal 
CPU can configure 
the external 
host-FIFO 
interface 
should the user decide that the 
UPI-452 
slave initialize 
itself independent 
of the external 
host CPU. 


The MODE SFR can be directly 
modified 
by the internal CPU through direct address 
instructions. 
It can also be 
indirectly 
modified 
by the external 
host CPU by setting up a MODE SFR service routine in the UPI-452 program 
memory 
and having the host issue a Command, 
either 
Immediate 
or DSC, to vector 
to that routine. 
Symbolic 
Physical 
Address 
Address 


MODE 
I 
MD6 
MD5 
I 
MD4 
~ 
OF9H 


(MSB) 
(LSB) 
Status On Reset: 


1" 
I 
0 
0 
0 
~ 
1" 


MOl 
(reserved)"" 


MD6 
Request 
for Service 
to external 
CPU via; 


1 = 
DMA (DRQIN/DRQOUT) 
request 
to external 
host when 
the Input or Output 
FIFO channel 
re- 
quests 
service 
o = Interrupt 
(INTRQIN/INTRQOUT 
or INTRQ) 
to external 
host 
when 
the 
Input 
or Output 
FIFO 
channel 
requests 
service 
or a DSC is encountered 
in the I/O Buffer Latch 


MD5 
Configure 
DRQIN/INTRQIN 
and DRQOUT /INTRQOUT 
to be either; 


1 = Enable 
(Actively 
driven) 
o = Disable 
(Tri-state) 


MD4 
Configure 
INTRQ to be either; 


1 = Enable 
(Actively 
driven) 
o = Disable 
(Tri-state) 


MD3 
(reserved)"" 


MD2 
(reserved)"" 


MD1 
(reserved)"" 


MOO 
(reserved)"" 


The Slave Control 
SFR is used to configure 
the FIFO-internal 
CPU interface. 
All interrupts 
are to the internal 
CPU. 
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Symbolic 
Address 


SLCON 


Physical 
Address 


OE8H 
IFRS I 
OFRS 


(LSB) 


ICOI I 
FRZ I~ 
IFI 
I 
OFI I 


(MSB) 
Status On Reset: 


o 
I 
0 1_0__ 
0_ 


ICII 
1 


o 
0_0 
0_ 


Enable Input FIFO Interrupt (due to Underrun Error Condition, Data Stream Command or Request 
Service) 


1 = Enable 
o = Disable 
Enable Output FIFO Interrupt (due to Overrun Error Condition or Request Service) 
1 = Enable 
o = Disable 
Note: If the DMA is configured to service a FIFO demand, then the Request for Service Interrupt is 
not generated. 
Generate Interrupt when a command is written to the Immediate Command in Register 
1 = Enable 
0= 
Disable 
Generate Interrupt when Immediate Command Out Register is Available 
1 = Enable 
0= 
Disable 
Enable FIFO DMA Freeze Mode 
1 = Normal operation 
o = FIFO DMA Freeze Mode 
(reserved) •• 


Input FIFO Channel Request for Service 


1 = Request when Input FIFO not empty 
• 
o = Request when Input FIFO full 


Output FIFO Channel Request for Service 
• 
1 = Request when Output FIFO not full 
o = Channel Request when Output FIFO empty 


SC2 
IFRS 


NOTES: 


•A '1' will be read from all SFR reserved locations except HCON SFR, HCOand HC2. 
"'reserved'-these 
locations are reserved for future use by Intel Corporation. 


The bits in the Slave Status SFR reflect the status of the FIFO-internal CPU interface. It can be read during an 
internal interrupt service routine to determine the nature of the interrupt or read during a polling sequence to 
determine a course of action. 


Symbolic 
Address 
Physical 
Address 


SSTAT 
OE9H 
+- Output FIFO Status -+ 
Status On Reset: 
__ 
I 
0 
0 
0 


(MSB) 
(LSB) 
6-87 


1 = No Error 
o = Error (latched 
until Slave Status SFR is read) 


SST6 
Immediate 
Command 
Out Register 
Status 


1 = Full (Le. Host CPU has not read previous 
Immediate 
Command 
Out sent by internal 
CPU) 
o = Available 


SST5 
FIFO DMA Freeze 
Mode Status 


1 = Normal 
Operation 
o = FIFO DMA Freeze Mode in Progress 


SST4 
Output 
FIFO Request 
for Service 
Flag 


1 = Output 
FIFO does not request 
service 
o = Output 
FIFO requests 
service 


SST3 
Input FIFO Underrun 
Error Condition 
Flag 


1 = No Underrun 
Error 
o = Underr~n 
Error (latched 
until Slave Status SFR is read) 


SST2 
Immediate 
Command 
In SFR Status 


1 = Empty 
o = Immediate 
Command 
received 
from host CPU 


SST1 
Data Stream 
Command/Data 
at Input FIFO Flag 


1 = Data (not DSC) 
o = DSC (at COMMAND 
IN SFR) 


SSTO 
Input FIFO Request 
For Service 
Flag 


1 = Input FIFO Does Not Request 
Service 
o = Input FIFO Request 
for Service 


The external 
host CPU has direct access 
to the following 
SFRs: 


1) Host Control 
Special 
Function 
Register 


2) Host Status Special 
Function 
Register 


It can also access 
other SFRs by commanding 
the internal 
CPU to change 
them accordingly 
via Data Stream 
Commands 
or Immediate 
Commands. 
The protocol 
for implementing 
this is entirely 
determined 
by the user. 


By writing to the Host Control SFR, the host can enable or disable 
FIFO interrupts 
and DMA requests 
and can 
reset the UPI-452. 


Symbolic 
Address 


HCON 
HC? 
I 
HC6 
I 
HC5 
I 
HC4 
I 
HC3 Q 
HC1 


(MSB) 
Status On Reset: 
o 
1-0---0- 
0 
0 0 
0 


Physical 
Address 


OE?H 


Request 
1 = Enable 
o = Disable 
HC6 
Enable Input FIFO Interrupt due to Overrun Error Condition, or Service Request 


1 = Enable 
0= 
Disable 
HC5 
Enable the generation of the Interrupt due to Immediate Command Out being present 
1 = Enable 
0= 
Disable 
HC4 
Enable the Interrupt due to the Immediate Command In Register being Available for a new Immediate 
Command byte 


1 = Enable 
0= 
Disable 
HC3 
Reset UPI-452 
1 = Software RESET 
o = Normal Operation 
HC2 
(reserved)" 
HC1 
Select between INTRQ and INTRQIN/INTRQOUT as Request for Service interrupt signal when DMA is 
disabled 
1 = INTRQ 
o = INTRQIN or INTRQOUT 
HCO 
(reserved)" 


NOTES: 
'A '1' will be read from all SFR reserved locations except HCON SFR, HCOand HC2. 
"'reserved'-these 
locations are reserved for future use by Intel Corporation. 


The Host Status SFR provides information on the FIFO-Host Interface and can be used to determine the 
source of an external interrupt during polling. Like the Slave Status SFR, the Host Status SFR reflects the 
current status of the FIFO-external host interface. 


Symbolic 
Address 


HSTAT 


Physical 
Address 


OE6H 
+- Output FIFO Status -+ 
Status On Reset: 


1 1========== __ 
(MSS) 
1/0' 
1__ 
1 


(LSS) 


intJ 


HST7 Output FIFO Underrun Error Condition 
1 = No Underrun Error 
o 
= 
Underrun Error (latched until Host 
Status Register is read) 
HST6 
Immediate Command Out SFR Status 
1 = Empty 
o = Immediate Command Present 
HST5 
Data 
Stream 
Command/Data 
at 
Output 
FIFO Status 
1 = Data (not DSC) 
o = 
DSC (present at Output FIFO COM- 
MAND OUT SFR) 
(Note: Only if HST4 =0, if HST4 = 1 then un- 
determined) 
HST4 Output FIFO Request for Service Status 
1 = No Request for Service 
o =Output FIFO Request for Service due to: 
a. Output 
FIFO containing 
the 
threshold 
number of bytes or more 
b. Internal CPU sending a block of data ter- 
minated by a DSC (DSC Flush Mode) 
HST3 
Input FIFO Overrun Error Condition 
1 = No Overrun Error 
o = Overrun Error (latched until Host Status 
Register is read) 
HST2 
Immediate Command In SFR Status 
1 = Full (Le. Internal CPU has not read pre- 
vious Immediate Command sent by Host) 
0= 
Empty 


• Reset value; 
'1' - 
if read by the external Host 
'0' - 
if read by internal CPU (reads shadow 
latch - see FIFO DMA Freeze Mode descrip- 
tion) 
HST1 
FIFO DMA Freeze Mode Status 
1 = Freeze Mode in progress. 
(In Freeze Mode, the bits of the Host Status 
SFR are forced to a '1' initially to prevent the 
external Host from attempting to access the 
FIFO. The definition of the Host Status SFR 
bits during FIFO DMA Freeze Mode can be 
found in FIFO DMA Freeze Mode descrip- 
tion) 
o = Normal Operation 
HSTO Input FIFO Request Service Status 
1 = Input FIFO does not request service 
o = Input FIFO request service due to the 
Input FIFO containing enough space for the 
host to write the threshold number of bytes 
or more 


FIFO MODULE 
- EXTERNAL 
HOST 
INTERFACE 


Overview 


The FIFO-external Host interface supports high 
speed asynchronous bi-directional 8-bit data trans- 
fers. The host interface is fully compatible with Intel 
microprocessor local busses and with MULTIBUS. 
The FIFO has two specialized DMA request pins for 
Input and Output FIFO channel DMA requests. 
These are multiplexed to provide a dedicated Re- 
quest 
for 
Service 
interrupt 
(DRQIN/INTRQIN, 
DRQOUT/INTRQOUT). 


The external Host can program, under user defined 
protocol, thresholds into the FIFO Input and Output 
Threshold SFRs which determine when the FIFO 
Request for Service interrupt is generated to the 
Host CPU. The FIFO module external Host interface 
is configured by the internal CPU via the MODE 
SFR. "The external Host can enable and disable 
Host interface interrupts via the Host Control SFR." 
Data Stream Commands in the Input FIFO channel 
allow the Host to influence the processing of data 
blocks and are sent with the data flow to maintain 
synchronization. Data Stream Commands in the 
Output FIFO Channel allow the internal CPU to per- 
form the same function, and also to set the Output 
FIFO Request Service status logic to the host CPU 
regardless of the programmed value in the Thresh- 
old SFR. 


Slave Interface 
Address Decoding 


The UPI-452 determines the desired Host function 
through address decoding. The lower three bits of 
the address as well as the READ, WRITE, Chip Se- 
lect (CS) and DMA Acknowledge (DACK) are used 
for decoding. Table 3 shows the pin states and the 
Read or Write operations associated with each con- 
figuration. 


Interrupts 
to the Host 


The UPI-452 interrupts the external Host via the 
INTRQ pin. In addition, the DRQIN and DRQOUT 
pins can be multiplexed as interrupt request lines, 
INTRQIN and INTRQOUT respectively, when DMA 
is disabled. This provides two special FIFO "Re- 
quest for Service" interrupts. 


There are eight FIFO-related interrupt sources; two 
from The Input FIFO; three from The Output FIFO; 
one from the Immediate Command Out SFR; one 
from the Immediate Command IN SFR; and one due 
to FIFO DMA Freeze Mode. 


INPUT FIFO: The Input FIFO interrupt is generated 
whenever: 


a. The Input FIFO contains space for a threshold 
number of bytes. 
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DACK 
CS A2 A1 AO 
Read 
Write 


1 
1 
X 
X 
X 
No Operation 
No Operation 


1 
0 
0 
0 
0 
Data or DMA from Output FIFO Channel 
Data or DMA to Input FIFO Channel 


1 
0 
0 
0 
1 
Data Stream Command from Output FIFO Channel Data Stream Command to Input FIFO Channel 


1 
0 
0 
1 
0 
Host Status SFR Read 
Reserved 


1 
0 
0 
1 
1 
Host Control SFR Read 
Host Control SFR Write 


1 
0 
1 
0 
0 
immediate Command SFR Read 
Immediate Command to SFR Write 


1 
0 
1 
1 
X 
Reserved 
Reserved 


0 
X 
X 
X 
X 
DMA Data from Output FIFO Channel 
DMA Data to Input FIFO Channel 


1 
0 
1 
0 
1 
Reserved 
Reserved 


NOTES: 
1. Attempting to read a DSC as a data byte will result in invalid data being read. The read pointers are not incremented so 
that the DSC is not lost. Attempting to read a data byte as a DSC has the same result. 
2. if DACK is active the UPI-452 will attempt a DMA operation when RD or WR becomes active rega~kess of the DMA 
enable bit (MD6) in the MODE SFR. Care should be taken when using DACK. For proper operation, DA 
must be driven 
high (+ 5V) when not using DMA. 


b. When 
an Input FIFO overrun 
error condition 
ex- 
ists. The appropriate 
bits in the Host Status SFR 
are set and the interrupt 
is generated 
only if en- 
abled. 


OUTPUT 
FIFO: The Output 
FIFO Request 
for Serv- 
ice Interrupt 
operates 
in a similar manner 
as the In- 
put FIFO interrupt: 


a. When the FIFO contains 
the threshold 
number of 
bytes or more. 


b. Output 
FIFO error condition 
interrupts 
are gener- 
ated when the Output 
FIFO is underrun. 


c. Data 
Stream 
Command 
present 
in the 
Output 
Buffer Latch. 


A Data 
Stream 
Command 
interrupt 
is used to halt 
normal 
processing, 
using the command 
as a vector 
to a service 
routine. When DMA is disabled, 
the user 
may program 
(through 
HC1) INTRQ to include 
FIFO 
Request 
for Service 
Interrupts 
or use INTRQIN 
and 
INTRQOUT 
as Request 
for Service 
Interrupts. 


IMMEDIATE 
COMMAND 
INTERRUPTS: 


a. An Immediate 
Command 
Out Interrupt 
is generat- 
ed, if enabled, 
to the Host and the corresponding 
Host 
Status 
SFR 
bit (HSTAT 
HST6) 
is cleared, 
when 
the 
internal 
CPU writes 
to the 
Immediate 
Command 
OUT 
(IMOUT) 
SFR. 
When 
the 
Host 
reads 
the 
Immediate 
Command 
OUT 
(IMOUT) 
SFR 
the 
corresponding 
bit 
in the 
Host 
Status 
(HST AT) SFR is set. This causes the Slave Status 
Immediate 
Command 
OUT 
Status 
bit 
(SSTAT 
SST6) to be cleared 
indicating 
that the Immediate 
Command 
OUT 
(IMOUT) 
SFR 
is empty. 
If en- 
abled, 
a FIFO-Slave 
Interface 
will also be gener- 
ated to the internal 
CPU. (See Figure 7b, Immedi- 
ate Command 
OUT Flowchart.) 


b. An Immediate 
Command 
IN interrupt 
is generat- 
ed, if enabled, 
to the Host when the internal 
C·PU 
has read a byte from the Immediate 
Command 
IN 
(IMIN) 
SFR. The read operation 
clears 
the 
Host 
Status 
SFR 
Immediate 
Command 
IN Status 
bit 
(HSTAT 
HST2) 
indicating 
that 
the 
Immediate 
Command 
IN SFR 
is empty. 
The corresponding 
Slave Status 
(SST AT) SFR bit is also set to indi- 
cate 
an empty 
status. 
Setting 
the 
Slave 
Status 
SFR bit generates 
a FIFO-Slave 
Interface 
inter- 
rupt, if enabled, 
to the internal 
CPU. (See Figure 
7a, Immediate 
Command 
IN Flowchart.) 


NOTE: 
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Immediate 
Command 
IN and OUT interrupts 
are ac- 
tually specific 
Request 
For Service 
interrupts 
to the 
Host. 


FIFO DMA FREEZE 
MODE: When the internal 
CPU 
invokes 
FIFO DMA Freeze Mode, for example 
at re- 


set or to reconfigure 
the 
FIFO interface, 
INTRQ 
is 
activated. 
The 
INTRQ 
can only 
be deactivated 
by 
the 
external 
Host 
reading 
the 
Host 
Status 
SFR 
(HST1 remains 
active 
until FIFO DMA Freeze Mode 
is disabled 
by the internal 
CPU). 


Once 
an interrupt 
is generated, 
INTRQ 
will remain 
high 
until 
no interrupt 
generating 
condition 
exists. 
For a FIFO underrun/overrun 
error interrupt, 
the in- 
terrupt 
condition 
is deactivated 
by the external 
Host 
reading 
the 
Host Status 
SFR. An interrupt 
is serv- 
iced by reading 
the Host Status 
SFR to determine 
the source 
of the interrupt 
and vectoring 
the appro- 
priate service 
routine. 
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DMA Requests to the Host 


The UPI-452 generates two DMA requests, DRQIN 
and DRQOUT, to facilitate data transfer between the 
Host and the Input and Output FIFO channels. A 
DMA acknowledge, DACK, is used as a Chip select 
and initiates a data transfer. The external READ and 
WRITE signals select the Input and Output FIFO re- 
spectively. The CS and address lines can also be 
used as a DMA acknowledge for processors with 
onboard DMA controllers which do not generate a 
DACK signal. 


The internal CPU can configure the UPI-452 to re- 
quest service from the external host via DMA or in- 
terrupts by programming Mode SFR MD6 bit. In ad- 
dition the external Host enables DMA requests 
through bits 6 and 7 of the Host Control SFR. When 
a DMA request is invoked the number of bytes trans- 
ferred to the Input FIFO is the total number of bytes 
in the Input FIFO (as determined by the CBP SFR) 
minus the value programmed in the Input FIFO 
Threshold SFR. The DMA request line is activated 
only when the Input FIFO has a threshold number of 
bytes that can be transferred. 


The Output FIFO D~A request is activated when a 
DSC is written by the internal CPU at the end of a 
less than threshold size block of data (Flush Mode) 
or when the Output FIFO threshold is reached. The 
request remains active until the Input FIFO becomes 
full or the Output FIFO becomes empty. If a DSC is 
encountered during an Output FIFO DMA transfer, 
the DMA request is dropped until the DSC is read. 
The DMA request will be reactivated after the DSC is 
read and remains active until the Output FIFO be- 
comes empty or another DSC is encountered. 


FIFO MODULE 
- INTERNAL 
CPU 
INTERFACE 


The Input and Output FIFOs are accessed by the 
internal CPU through direct addressing of the FIFO 
IN/COMMAND IN and FIFO OUT/COMMAND OUT 
Special Function Registers. All of the 80C51 instruc- 
tions involving direct addressing may be used to ac- 
cess the FIFO's SFRs. The FIFO IN, COMMAND IN 
and Immediate Command In SFRs are actually read 
only registers, and their Output counterparts are 
write only. Internal DMA transfers data between In- 
ternal memory, External Memory and the Special 
Function Registers. The Special Function Registers 
appear as another group of dedicated memory ad- 
dresses and are programmed as the source or desti- 


nation via the DMAO/DMA1 Source Address or Des- 
tination Address Special Function Registers. The 
FIFO module manages the transfer of data between 
the external host and FIFO SFRs. 


Internal CPU Access to FIFO Via 
Software 
Instructions 


The internal CPU has access to the Input and Out- 
put FIFOs via the FIFO IN/COMMAND IN and FIFO 
OUT/COMMAND OUT SFRs which reside in the 
Special Function Register Array. At the end of every 
instruction that involves a read of the FIFO IN/COM- 
MAND IN SFR, the SFR is written over by a new 
byte from the Input FIFO channel when available. At 
the end of every instruction that involves a write to 
the FIFO OUT/COMMAND OUT SFR, the new byte 
is written into the Output FIFO channel and the write 
pointer is incremented after the write operation (post 
incremented). 


The internal CPU reads the Input FIFO by using the 
FIFO IN/COMMAND IN SFR as the source register 
in an instruction. Those instructions which read the 
Input FIFO are listed below: 


ADD A,FIFO IN/COMMAND IN 
ADDC A,FIFO IN/COMMAND IN 
PUSH FIFO IN/COMMAND IN 
ANL A,FIFO IN/COMMAND IN 
ORL A,FIFO IN/COMMAND IN 
XRL A,FIFO IN/COMMAND 
IN 
CJNE A,FIFO IN/COMMAND 
IN, rei 
SUBB A,FIFO IN/COMMAND 
IN 
MOV direct,FIFO IN/COMMAND 
IN 
MOV @Ri,FIFO IN/COMMAND 
IN 
MOV Rn,FIFO IN/COMMAND 
IN 
MOV A,FIFO IN/COMMAND 
IN 


After each access to these registers, they are over- 
written by a new byte from the FIFO. 


NOTE: 
Instructions which use the FIFO IN or COMMAND 
IN SFR as both a source and destination register 
will have the data destroyed as the next data byte 
is rewritten into the FIFO IN register at the end of 
the instruction. These instructions are not support- 
ed by the UPI-452 FIFO. Data can only be read 
through the FIFO IN SFR and DSCs through the 
COMMAND IN SFR. Data read through the COM- 
MAND IN SFR will be read as OFFH, and DSCs 
read through the FIFO IN SFR will be read as 
OFFH. The Immediate Command in SFR is read 
with the same instructions as the FIFO IN and 
COMMAND IN SFRs. 


The FIFO IN, COMMAND IN and Immediate Com- 
mand In SFRs are read only registers. Any write op- 
eration performed on these registers will be ignored 
and the FIFO pointers will remain intact. 


The internal CPU uses the FIFO OUT SFR to write 
to the Output FIFO and any instruction which uses 
the FIFO OUT or COMMAND OUT SFR as a desti· 
nation will invoke a FIFO write. DSCs are differenti- 
ated from data by writing to the COMMAND OUT 
SFR. In the FIFO, Data Stream Commands have the 
ninth bit associated with the command byte set to 
"1". The instructions used to write to the Output 
FIFO are listed below: 


MOV FIFO OUT/COMMOUT, A 
MOV FIFO OUT/COMMOUT, direct 
MOV FIFO OUT/COMMOUT, Rn 
POP FIFO OUT/COMMOUT 
MOV FIFO OUT/COMMOUT, 
#data 
MOV FIFO OUT/COMMOUNT, @Ri 


NOTE: 


Instructions which use the FIFO OUT/COMMAND 
OUT SFRs as both a source and destination regis- 
ter cause invalid data to be written into the Output 
FIFO. These instructions are not supported by the 
UPI-452 FIFO. 


There are two identical General Purpose DMA Chan- 
nels on the UPI-452 which allow high speed data 
transfer from one writeable memory space to anoth- 
er. As many as 64K bytes can be transferred in a 
single 
DMA 
operation. 
The 
following 
memory 


spaces can be used with DMA channels: 


• Internal Data Memory 
• External Data Memory 
• Special Function Registers 


The Special Function Register array appears as a 
limited group of dedicated memory addresses. The 
Special Function Registers may be used in DMA 
transfer operations by specifying the SFR as the 
source or destination address. The Special Function 
Registers which may be used in DMA transfers are 
listed in Table 4. Table 4 also shows whether the 
SFR may be used as Source or Destination only, or 
both. 


The FIFO can be accessed during DMA by using the 
FIFO IN SFR as the DMA Source Address Register 
(SAR) or the FIFO OUT SFR as the Destination Ad- 


dress Register (DAR). (Note: Since the FIFO IN SFR 
is a read only register, the DMA transfer will be ig- 
nored if it is used as a DMA DAR. This is also true if 
the FIFO OUT SFR is used as a DMA SAR.) 


Each DMA channel is software programmable to op- 
erate in either Block Mode or Demand Mode. In the 
Block Mode, DMA transfers can be further pro- 
grammed to take place in Burst Mode or Alternate 
Cycle mode. In Burst Mode, the processor halts its 
execution and dedicates its resources to the DMA 
transfer. In Alternate Cycle Mode, DMA cycles and 
instruction cycles occur alternately. 


In Demand Mode, a DMA transfer occurs only when 
it is demanded. Demands can be accepted from an 
external device (through External Interrupt pins, 
EXTO/EXT1) or from either the Serial Channel or 
FIFO flags. In this way, a DMA transfer can be syn- 
chronized to an external device, the FIFO or the Se- 
rial Port. If the External Interrupt is configured in 
Edge Mode, a single byte transfer occurs per tran- 
sition. The external interrupt itself will occur if en- 
abled. If the External Interrupt is configured in Level 
Mode, DMA transfers continue until the External In- 
terrupt request goes inactive or the byte count be- 
comes zero. The following flags activate Demand 
Mode transfers of one byte to/from the FIFO or Seri- 
al Channel: 


RI • Serial Channel Receiver Buffer Full 
TI - Serial Channel Transmitter Buffer Empty 


Architecture 


There are three 16 bit and one 8 bit Special Function 6 
Registers associated with each DMA channel. 
• The 16 bit Source Address SFR (SAR) points to 
the source byte. 


• The 16 bit Destination Address SFR (DAR) points 
to the destination. 


• The 16 bit Byte Count SFR (BCR) contains the 


number of bytes to be transferred and is decre- 
mented when a byte transfer is accomplished. 


• The DMA Control SFR (DCON) is eight bits wide 
and specifies the source memory space, destina- 
tion memory space and the mode of operation. 


In Auto Increment mode, the Source Address and/ 
or Destination Address is incremented when a byte 
is transferred. When a DMA transfer is complete 
(BCR = 0), the DONE bit is set and a maskable 
interrupt is generated. The GO bit must be set to 
start any DMA transfer (also, the Slave Control SFR 
FRZ bit must be set to disable FIFO DMA Freeze 
Mode). The two DMA channels are designated as 
DMAOand DMA1, and their corresponding registers 
are suffixed by.0 or 1; e.g. SARO,DAR1, etc. 
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SFR 
Symbol 
Address 
Source 
Destination 
Either 
Only 
Only 


Accumulator 
MACC 
OEOH 
Y 
B Register 
B 
OFOH 
Y 
FIFO IN 
FIN 
OEEH 
Y 
COMMAND 
IN 
CIN 
OEFH 
Y 
FIFO OUT 
FOUT 
OFEH 
Y 
COMMAND 
OUT 
COUT 
OFFH 
Y 
Serial Data Buffer 
SBUF 
099H 
Y 
Port 0 
PO 
OaOH 
y 


Port 1 
P1 
090H 
Y 
Port 2 
P2 
OAOH 
Y 
Port 3 
P3 
OBOH 
Y 
Port 4 
P4 
OCOH 
Y 


DMA Special Function Registers 


DMA Control 
SFR: DCONO, DCON1 
Symbolic 
Address 


DCONO 


DCON1 


Physical 
Address 


092H 


093H 


DAS 
IDA 
Destination 
Address 
Space 


0 
0 
External 
Data Memory without Auto-Increment 
0 
1 
External 
Data Memory with Auto-Increment 
1 
0 
Special 
Function 
Register 
1 
1 
Internal Data Memory 


SAS 
ISA 
Source Address 
Space 


0 
0 
External Data Memory without Auto-Increment 
0 
1 
External Data Memory with Auto-Increment 
1 
0 
Special Function 
Register 
1 
1 
Internal Data Memory 


OM 
TM 
DMA Transfer 
Mode 


0 
0 
Alternate-Cycle 
Transfer 
Mode 
0 
1 
Burst Transfer 
Mode 
1 
0 
FIFO or Serial Channel 
Demand 
Mode 
1 
1 
External Demand 
Mode 
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DMA transfer 
Flag: 


o 
DMA transfer 
is not completed. 


1 
DMA transfer 
is complete. 


NOTE: 
This 
flag 
is. set when 
contents 
of the 
Byte Count 
SFR 
decrements 
to zero. 
It is reset 
automatically 
when the DMA vectors 
to its interrupt 
routine. 


GO 
Enable 
DMA Transfer: 


o 
Disable 
DMA transfer 
(in all modes). 


1 
Enable DMA transfer. 
If the DMA is in 
the Block mode, start DMA transfer 
if 
possible. 
If it is in the Demand 
mode, 
enable the channel 
and wait for a de- 
mand. 


NOTE: 
The GO bit is reset when 
the 
BCR decrements 
to 
zero. 


The following 
four modes of DMA operation 
are pos- 
sible in the UPI-452. 


General 


Alternate 
cycle 
mode is useful when CPU process- 
ing 
must 
occur 
during 
the 
DMA 
transfers. 
In this 
mode, 
a DMA cycle 
and an instruction 
cycle 
occur 
alternately. 
The interrupt 
request 
is generated 
(if en- 
abled) at the end of the process, 
Le. when BCR dec- 
rements 
to zero. The transfer 
is initiated 
by setting 
the GO bit in the DCON SFR. 


Alternate-Cycle 
FIFO Demand 
Mode 


Alternate 
cycle 
demand 
mode 
is useful 
for 
FIFO 
transfers 
of a less urgent nature. As mentioned 
be- 
fore, 
CPU 
instruction 
cycles 
are 
interleaved 
with 
DMA transfer 
cycles, 
allowing 
true parallel 
process- 
ing. 


This mode differs 
from 
FIFO Demand 
Mode in that 
CPU 
instruction 
cycles 
must 
be 
interleaved 
with 
DMA transfers, 
even if the FIFO is demanding 
DMA. 


In FIFO Demand 
Mode, CPU cycles would never oc- 
cur if the FIFO demand 
was present. 


Input Channel 


The 
DMA is configured 
as in FIFO 
Demand 
Mode 
and transfers 
are initiated 
whenever 
an Input FIFO 


service 
request 
is generated. 
DMA transfer 
cycles 
are 
alternated 
with 
instruction 
execution 
cycles. 
DMA transfers 
are terminated 
as in FIFO 
Demand 
Mode. 


Output 
Channel 


The 
DMA is configured 
as in FIFO 
Demand 
Mode 
and transfers 
are initiated whenever 
an Output 
FIFO 
requests 
service. DMA transfer 
cycles are alternated 
with instruction 
execution 
cycles. 
DMA transfers 
are 
terminated 
as in FIFO Demand 
Mode. 


The FIFO logic resets 
the interrupt 
flag after trans- 
ferring 
the byte, so the interrupt 
is never generated. 


Once the DMA is programmed 
to service 
the FIFO, 
the request for service 
interrupt for the FIFO is inhib- 
ited until the DMA is done (BCR = 0). 


2. BU,RST MODE 


In BURST 
mode the DMA is initiated 
by setting 
the 
GO bit in the DCON SFR. The DMA operation 
con- 
tinues 
until 
BCR 
decrements 
to 
zero 
(zero 
byte 
count), 
then 
an interrupt 
is generated 
(if enabled). 
No interrupts 
are recognized 
during this DMA opera- 
tion once it has started. 


-Input Channel 


The FIFO Input Channel 
can be used in burst mode 
by specifying 
the FIFO IN SFR as the DMA Source 
Address. 
DMA transfers 
begin 
when 
the GO bit in 
the DMA Control SFR is set. The number of bytes to 6 
be transferred 
must be specified 
in the Byte Count 
SFR (BCR) and auto-incrementing 
of the SAR must 
be disabled. 
Once the GO bit is set nothing 
can in- 
terrupt 
the transfer 
of data until the BCR is zero. In 
this mode, a Data Stream Command 
encountered 
in 
the FifO 
will be held in the COMMAND 
IN SFR with 
the 
pointers 
frozen, 
and invalid 
data 
(FFH) 
will be 
read 
through 
the 
FIFO 
IN SFR. 
If the 
input 
FIFO 
becomes 
empty 
during the block transfer, 
an OFFH 
will be read until BCR decrements 
to zero. 


Output 
Channel 


The 
Output 
FIFO 
Channel 
can 
be 
used 
in burst 
mode 
by specifying 
the 
FIFO 
OUT 
or COMMAND 
OUT 
SFR 
as the 
DMA 
Destination 
Address. 
DMA 
transfers 
begin when 
the GO bit is set. This mode 
can be used to send a block 
of data or a block 
of 
Data Stream 
Commands. 
If the FIFO becomes 
full 
during the block transfer, 
the remaining 
data will be 
lost. 


"" "",.,ftJl"" 
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Imerrupts are not rec- 
ognized 
in 
Burst 
Mode. 
Burst 
Mode transfers 
should be used to service the FIFO only when the 
user is certain that no Data Stream Commands are 
in the block to be transferred (Input FIFO) and that 
the FIFO contains enough space to store the block 
to be transferred. In all other cases Alternate Cycle 
or Demand Mode should be used. 


3. FIFO AND SERIAL 
CHANNEL 
DEMAND 
MODES 


NOTES: 
1. If the output FIFO is configured as a one byte 
buffer and the user program consists of two-cycle 
instructions only, then Alternate-Cycle Mode should 
be used. 
2. In non-auto increment mode for internal to exter- 
nal, or external to internal transfers, the lower 8 bits 
of the external address should not correspond to 
the FIFO or Serial Port address. 


FIFO Demand 
Mode 


Although any DMA mode is possible using the FIFO 
buffer, only FIFO Demand and Alternate Cycle FIFO 
Demand Modes are recommended. FIFO Demand 
Mode DMA transfers using the input FIFO Channel 
are set-up by setting the GO bit and specifying the 
FIFO IN register as the DMA Source Address Regis- 
ter. The BCR should be set to the maximum number 
of expected transfers. The user must also program 
bit 1 of the Slave Control Register (SC1) to deter- 
mine whether the Slave Status (SSTAT) SFR FIFO 
Request For Service Flag will be activated when the 
FIFO becomes not empty or full. Once the Request 
For Service Flag is activated by the FIFO, the DMA 
transfer begins, and continues until the request flag 
is deactivated. While the request is active, nothing 
can interrupt the DMA (Le. it behaves like burst 
mode). The DMA Request is held active until one of 
the following occurs: 
1) The FIFO becomes empty. 
2) A Data Stream Command is encountered (this 
generates a FIFO interrupt and DMA operation 
resumes after the Data Stream Command is 
read). 
3) BCR = 0 (this generates a DMA interrupt and 
sets the DONE bit). 


DMA transfers to the Output FIFO Channel are simi- 
lar. The FIFO OUT or COMMAND OUT SFR is the 
DMA Destination Address SFR and a transfer is 
started by setting the GO bit. The user programs bit 
o of the Slave Control SFR (SCO) to determine 
whether a demand occurs when the Output FIFO 


Hequest For Service Flag is activated by the FIFO 
logic and continue as long as the flag is active. The 
Flag remains active until one of the following occurs: 
1) The FIFO becomes full 
2) BCR = 0 (this generates a DMA interrupt and 
sets the DONE bit). 
. 


As in Alternate Cycle FIFO Demand Mode, the FIFO 
logic resets the interrupt flag after transferring the 
byte, so the interrupt is never generated. 


After the GO bit is set, the DMA is activated if one of 
the following conditions takes place: 
SAR(0/1) = FIFO IN and HIFRS flag is set 
DAR(0/1) = FIFO OUT and HOFRS flag is set 


The HIFRS and HOFRS signals are internal flags 
which are not accessible by software. These flags 
are similar to the SSTOand SST4 flags in the Slave 
Status Register except that they are of the opposite 
polarity and once set they are not cleared until the 
Input FIFO becomes empty (HIFRS) or the Output 
FIFO becomes full (HOFRS). 


Serial Channel Demand Mode is the logical choice 
when using the Serial Port. The DMAs can be acti- 
vated by one of the Serial Channel Flags. Receiver 
interrupt (RI) or Transmitter Interrupt (TI). 


SAR(0/1) = SBUF and RI flag is set 
DAR(0/1) = SBUF and TI flag is set 


NOTE: 
TI flag must be set by software to initiate the first 
transfer. 


When the DMA transfer begins, only one byte is 
transferred at a time. The serial port hardware auto- 
matically resets the flag after completion of the 
transfer, so an interrupt will not be generated unless 
DMA servicing is held off due to the DMA being 
done (BCR = 0) or when the Hold/Hold Acknowl- 
edge logic is used and the DMA does not own the 
bus. In this case a Serial Port interrupt may be gen- 
erated if enabled because of the status of the RI or 
TI flags. 


In FIFO demand mode, Alternate cycle FIFO de- 
mand mode or Serial Port demand mode only one of 
the following registers (SBUF, FIN or FOUT) should 
be used as either the SAR or DAR registers to pre- 
vent undesired transfers. For example if SARO = 
FIN and DARO = SBUF in demand mode, the DMA 
transfer will start if either the HIFRS or TI flags are 
set. 
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The DMA can be initiated by an external device via 
External interrupt 0 and 1 (INTO/lNT1) pins. The 
INTOpin demands DMAO(Channel 0) and INT1 de- 
mands DMA1 (Channel 1). If the interrupts are con- 
figured in edge mode, a single byte transfer is ac- 
complished for every request. Interrupts also result 
(INTO and INT1) after every byte transfer (if en- 
abled). If the interrupts are configured in level mode, 
the DMA transfer continues until the request goes 
inactive or BCR = O.In either case, a DMA interrupt 
is generated (if enabled) when BCR = O.The GO bit 
must be set for the transfer to begin. 
. 


When transferring data to or from external memory 
via DMA, the HOLD (HLD) and HOLD-ACKNOWL· 
EDGE (HLDA) signals are used for handshaking. 
The HOLD and HOLD-ACKNOWLEDGE are active 
low signals which arbitrate control of the local bus. 
The UPI-452 can be used in a system where multi- 
masters are connected to a single parallel Address/ 
Data bus. The HLD/HLDA signals are used to share 
resources (memory, peripherals, etc.) among all the 
processors on the local bus. The UPI-452 can be 
configured in any of three different External Memory 
Modes controlled by bits 5 and 6 (REQ & ARB) in 
the PCON SFR (Table 5). Each mode is described 
below: 


REQUESTER MODE: In this mode, the UPI-452 is 
not the bus master, but must request the bus from 
another device. The UPI-452 configures port pin 
P1.5 as a HLD output and pin P1.6 as a HLDA input. 
The UPI-452 issues a HLD signal when it needs ex- 
ternal access for a DMA channel. It uses the local 
bus after receiving the HLDA signal from the bus 
master, and will not release the bus until its DMA 
operation is complete. 


ARBITER MODE: In this mode, the UPI-452 is the 
bus master. It configures port pin P1.5 as HLD input 
and pin P1.6 as HLDA output. When a device as· 
serts the HLD signal to use the local bus, the UPI- 
452 asserts the HLDA signal after current instruction 
execution is complete. If the UPI-452 needs an ex- 
ternal access via a DMA channel, it waits until the 
requester releases the bus, HLD goes inactive. 


DISABLE MODE:When external program memory is 
accessed by an instruction or by program counter 
overflow beyond the internal ROM address or exter- 
nal data memory is accessed by MOVX instructions, 
it is a local memory access and the HLD/HLDA logic 
is not initiated. When a DMA channel attempts data 
transfer to/from 
the external data memory, the 
HLD/HLDA logic is initiated as described below. 
DMA transfers from the internal memory space to 
the internal memory space does not initiate the 
HLD/HLDA logic. 


The balance of the PCON SFR bits are described in 
the "80C51 Register Description: Power Control 
SFR" section below. 


Latency 


,When the GO bit is set, the UPI-452 finishes the 
current instruction before starting the DMA opera- 
tion. Thus the maximum latency is 3.5 microseconds 
(at 14 MHz). 


DMA Interrupt Vectors 


Each DMA channel has a unique vectored interrupt 6 
associated with it. There are two vectored interrupts 
associated with the two DMA channels. The DMA 
interrupts are enabled and priorities set via the Inter- 
rupt Enable and Priority SFR (see "Interrupts" sec- 
tion). The interrupt priority scheme is similar to the 
scheme in 80C51. 


Symbolic 
Address 


PCON 
-'~-'I~-' 
(MSB) 
'Defined as per MLS-51 Data Sheet 
Reset Status: OOH 


Physical 
Address 


87H 


ARB 
REQ 


0 
0 
HLD/HLDA logic is disabled. 
0 
1 
The UPI-452 is in the Requester Mode. 
1 
0 
The UPI-452 is in the Arbiter Mode. 
1 
1 
Invalid 


When a DMA operation is complete (BCR decre- 
ments to zero). the DONE flag in the respective 
DCON (DCONOor DCON1) SFR is set. If the DMA 
interrupt is enabled, the DONE flag is reset automat- 
ically upon vectoring to the interrupt routine. 


If a Burst Mode DMA transfer is in progress, the in- 
terrupts are not serviced until the DMA transfer is 
complete. This is also true for level activated Exter- 
nal Demand DMA transfers. During Alternate Cycle 
DMA transfers, however, the interrupts are serviced 
at the end of the DMA cycle. After that, DMA cycles 
and instruction execution cycles occur alternately. In 
the case of edge activated External Demand Mode 
DMA transfers, the interrupt is serviced at the end of 
DMA transfer of that single byte. 


Only one of the two DMA channels is active at a 
time, except when both are configured in the Alter- 
nate Cycle mode. In this case, the DMA cycles and 
Instruction Execution cycles occur in the following 
order: 
1. DMA Cycle O. 


2. Instruction execution. 
3. DMA Cycle 1. 
4. Instruction execution. 


DMAO has priority over DMA1 during simultaneous 
activation of the two DMA channels. If one DMA 
channel is active, the other DMA channel, if activat- 
ed, waits until the first one is complete. 


If DMAOis already in the Alternate Cycle mode and 
DMA1 is activated in Alternate Cycle Mode, it will 
take two instruction cycles before DMA1 is activated 
(due to the priority of DMAO).Once DMA1 becomes 
active, the execution will follow the normal se- 
quence. 


If DMAOis already in the Alternate Cycle mode and 
DMA1 is activated in Burst Mode, the DMA1 Burst 
transfer will follow the DMAOAlternate Cycle trans- 
fer (after the completion of the next instruction). 


If the UPI-452 (as a Requester) asserts a HLD signal 
to request a DMA transfer (see "External Memory 
DMA")and its other DMA Channel requests a trans- 
fer before the HLDA signal is received, the channel 
having higher priority is activated first. A Burst Mode 
transfer on channel 0 can not be interrupted since 
DMAO has the highest priority. A Demand Mode 
transfer on channel 0 is the only type of activity that 
can interrupt a block transfer on DMA1. 


If, while executing a DMA transfer, the Arbiter re- 
ceives a HLD signal. and then before it can acknowl- 
edge, its other DMA Channel requests a transfer, it 
then completes the second DMA transfer before 
sending the HLDA signal to release the bus to the 
HLD request. 


DMA transfers may be held off under the following 
conditions: 
1. A write to any of the DMA registers inhibits the 
DMA for one instruction cycle. 


NOTE: 
An instruction cycle may be executed in 1, 2 or 4 
machine cycles dependent on the instruction being 
executed. DMA transfers are only executed after 
the completion of an instruction cycle never be- 
tween machine cycles of a single instruction cycle. 
Similarly instruction cycles are only executed upon 
completion of a DMA transfer whether it be a one 
machine cycle transfer or two machine cycles (for 
ext. to ext. memory transfers). 
2. A single machine cycle DMA register read opera- 
tion (Le. MOV A, DCONO)will inhibit the DMA for 
one instruction cycle. However a two cycle DMA 
register read operation will not inhibit the DMA 
(Le. MOV P1, DCONO). 


If the HOLD/HOLD Acknowledge logic is enabled in 
requestor mode the hold request will go active once 
the go bit has been set (for burst mode) and once 
the demand flag is set (for demand mode) regard- 
less of whether the DMA is held off by one of the 
above conditions. 
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The UPI-452 provides 
a total of eight interrupt 
sourc- 
es (Table 
6). Their operation 
is the same as in the 
80C51 , with 
the 
addition 
of 
three 
new 
interrupt 
sources 
for the 
UPI-452 
FIFO 
and 
DMA features. 
These added interrupts 
have their enable 
and priori- 
ty bits in the Interrupt 
Enable and Priority (IEP) SFR. 


The 
IEP SFR 
is in addition 
to the 80C51 
Interrupt 
Enable (IE) and Interrupt 
Priority (IP) SFRs. The add- 
ed interrupt 
sources 
are also globally enabled 
or dis- 
abled by the EA bit in the Interrupt 
Enable SFR. Ta- 
ble 6 lists the eight interrupt 
sources 
in order of pri- 
ority. 
Table 
7 lists the 
eight 
interrupt 
sources 
and 
their respective 
address 
vector 
location 
in program 
memory. 
(DMA interrupts 
are discussed 
in the "Gen- 
eral Purpose 
DMA Channels" 
section. 
Additional 
in- 
terrupt 
information 
for Timer/Counter, 
Serial 
Chan- 
nel, External 
Interrupt 
may be found in the Microcon- 
troller 
Handbook 
for the 80C51.) 


The FIFO module 
generates 
interrupts 
to the inter- 
nal 
CPU 
whenever 
the 
FIFO 
requests 
service 
or 
when a Data Stream Command 
is in the COMMAND 
IN SFR. The Input FIFO will request service whenev- 
er it becomes 
full or not empty depending 
on bit 1 of 
the Slave Control 
SFR (IFRS). Similarly, 
the Output 


Table 6. Interrupt Priority 
Interrupt Source 
Priority Level 
(highest) 
o 
1 
2 
3 
4 
5 
6 
7 
(lowest) 


Table 7. Interrupt Vector Addresses 
Interrupt Source 
Starting Address 
External Interrupt 
0 
3 (003H) 
Internal Timer/Counter 
0 
11 (OOBH) 
External Interrupt 
1 
19 (013H) 
Internal Timer/Counter 
1 
27 (01 BH) 
Serial Channel 
35 (023H) 
FIFO - Slave Bus Interface 
43 (02BH) 
DMA Channel 
0 Request 
51 (033H) 
DMA Channel 
1 Request 
59 (03BH) 


External 
Interrupt 0 
Internal Timer/Counter 
0 
DMA Channel 
0 Request 
External 
Interrupt 
1 
DMA Channel 
1 Request 
Internal Timer/Counter 
1 
FIFO - Slave Bus Interface 
Serial Channel 


FIFO 
requests 
service 
when 
it becomes 
empty 
or 
not full as determined 
by bit 0 of the Slave Control 
SFR 
(OFRS). 
Request 
for 
Service 
interrupts 
are 
generated 
only if enabled 
by the internal CPU via the 
Interrupt 
Enable SFR, and the Slave Control 
Regis- 
ter. 


inter 


A 
Data 
Stream 
Command 
Interrupt 
is generated 
whenever 
there 
is a Data Stream 
Command 
in the 
COMMAND 
IN SFR. The 
interrupt 
is generated 
to 
ensure 
that 
the internal 
interrupt 
is recognized 
be- 
fore another 
instruction 
is executed. 


Immediate 
Command 
Interrupts 
a. An Immediate 
Command 
IN interrupt 
is generat- 
ed, if enabled, 
to the internal 
CPU when the Host 
has written 
to the Immediate 
Command 
IN (IMIN) 
SFR. The write operation 
clears the Slave Status 
SFR bit (SST AT SST2) and sets the Host Status 
SFR bit (HST AT HST2) to indicate 
that a byte is 
present 
in 
the 
Immediate 
Command 
IN 
SFR. 
When the internal CPU reads the Immediate 
Com- 
mand IN (1MIN) SFR the Slave Status SFR status 
bit is set, and the 
Host Status 
SFR status 
bit is 
cleared 
indicating 
the IMIN SFR is empty. 
Clear- 
ing the Host Status SFR bit will cause a Request 
For Service 
(INTRQ) interrupt, 
if enabled, 
to signal 
the Host that the IMIN SFR is empty. 
(See Figure 
7a, Immediate 
Command 
IN Flowchart.) 


b. An Immediate 
Command 
OUT interrupt 
is gener- 
ated, 
if enabled, 
to the 
internal 
CPU when 
the 
Host 
has 
read 
the 
Immediate 
Command 
OUT 
SFR. 
The 
Host 
read 
causes 
the 
Slave 
Status 


Interrupt 
Enable SFR (IE) 
Symbolic 
Address 


IE 


Immediate 
Command 
OUT 
bit (SSTAT 
SST6) 
to 
be 
set 
and 
the 
corresponding 
Host 
Status 
bit 
(HST AT HST6) to be cleared 
indicating 
the SFR is 
empty. When the internal CPU writes to the Imme- 
diate Command 
OUT SFR, the Host Status 
bit is 
set and Slave Status bit is cleared 
to indicate 
the 
SFR is full. (See Figure 7b, Immediate 
Command 
OUT Flowchart.) 


NOTE: 
Immediate 
Command 
IN and OUT interrupts 
are ac- 
tually specific 
FIFO-Slave 
Interface 
interrupts 
to the 
internal 
CPU. 


One instruction 
from the main program 
is executed 
between 
two consecutive 
interrupt 
service 
routines 
as in the 80C51. 
However, 
if the 
second 
interrupt 
service 
routine 
is due to a Data Stream 
Command 
Interrupt, the main program 
instruction 
is not execut· 
ed (to prevent 
misreading 
of invalid data). 


Each of the three interrupt 
special function 
registers 
(IE, IP and IEP) is listed below with its corresponding 
bit definitions. 


Physical 
Address 


OA8H 


Symbol 
Position 
Function 


EA 
IE7 
Enables all interrupts. 
If EA = 0, no interrupt will be 
acknowledged. 
If EA = 1, each interrupt 
source is 
individually 
enabled or disabled 
by setting or clearing 
its 
enable bit. 
- 
IE6 
(reserved) 
- 
IE.5 
(reserved) 
ES 
lEA 
Serial Channel 
interrupt 
enable 
ET1 
IE.3 
Internal Timer/Counter 
1 Overflow 
Interrupt 
EX1 
IE2 
External 
Interrupt 
Request 
1. 
ETO 
IE1 
Internal Timer/Counter 
0 Overflow 
Interrupt 
EXO 
IEO 
External 
Interrupt 
Request 
O. 
• 


inter 


A priority level of 0 or 1 may be assigned to each interrupt 
source, with 1 being higher priority level, through the 
IP and the IEP (Interrupt 
Enable and Priority) SFR. A priority level of 1 interrupt 
can interrupt 
a priority level 0 
service 
routine 
to allow nesting 
of interrupts. 


Symbolic 
Address 


IP 


Physical 
Address 


OB8H 


Symbol 
Position 
Function 
Priority 
Within 
A Level 


(lowest) 
- 
IP.7 
(reserved) 
- 
- 
IP.6 
(reserved) 
- 
- 
IP.5 
(reserved) 
- 
PS 
IP.4 
Local Serial Channel 
0.7 
PT1 
IP.3 
Internal Timer/Counter 
1 
0.5 
PX1 
IP.2 
External Interrupt 
Request 
1 
0.3 
PTO 
IP.1 
Internal Timer/Counter 
0 
0.1 
PXO 
IP.O 
External Interrupt 
Request 
0 
0.0 
(highest) 


The Interrupt 
Enable and Priority Register 
establishes 
the enabling 
and priority of those resources 
not covered 
in the Interrupt 
Enable and Interrupt 
Priority SFRs. 


Symbolic 
Address 


IEP 
I 
~I 
PFIFO I EDMAO I EDMA1 I PDMAO I PDMA1 I EFIFO I 


(MSB) 
(LSB) 


Physical 
Address 


OF8H 


Priority 
Symbol 
Position 
Function 
Within a 
Level 
- 
IEP.7 
(reserved) 
- 
IEP.6 
(reserved) 
PFIFO 
IEP.5 
FIFO Slave Bus Interface 
Interrupt 
Priority 
0.6 
EDMAO 
IEPA 
DMA Channel 
0 Interrupt 
Enable 
EDMA1 
IEP.3 
DMA Channel 
1 Interrupt 
Enable 
PDMAO 
IEP.2 
DMA Channel 
0 Priority 
0.2 
PDMA1 
IEP.1 
DMA Channel 
1 Priority 
0.4 
EFIFO 
IEP.O 
FIFO Slave Bus Interface 
Interrupt 
Enable 


FIFO-EXTERNAL 
HOST INTERFACE 
FIFO DMA FREEZE 
MODE 


During FIFO DMA Freeze Mode the internal CPU 
can reconfigure the 
FIFO interface. FIFO DMA 
Freeze Mode is provided to prevent the Host from 
accessing the FIFO during a reconfiguration se- 
quence. The 
internal 
CPU invokes 
FIFO DMA 
Freeze Mode by clearing bit 3 of the Slave Control 
SFR (SC3). INTRQ becomes active whenever FIFO 
DMA Freeze Mode is invoked to indicate the freeze 
status. The interrupt can only be deactivated by the 
Host reading the Host Status SFR. 


During FIFO DMA Freeze Mode only two operations 
are possible by the Host to the UPI-452 slave, the 
balance are disabled, as shown in Table 8. The in- 
ternal DMA is disabled during FIFO DMA Freeze 
Mode, and the internal CPU has write access to all 
of the FIFO control SFRs (Table 9). 


At power on reset the FIFO Host interface is auto- 
matically frozen. The Slave Control Enable FIFO 
DMA Freeze Mode bit defaults to FIFO DMA Freeze 
Mode (SLCON FRZ=O). Below is a list of the FIFO 


Special Function Registers and their default power 
on reset values; 


SFRName 
Label 
Value 


Channel Boundary Pointer 
CBP 
40H / 640 
Output Channel Read Pointers ORPR 
40H / 640 
Output Channel Write Pointers OWPR 40H / 640 
Input Channel Read Pointers 
IRPR 
OOH/000 
Input Channel Write Pointers 
IWPR 
OOH/ 000 
Input Threshold 
ITHR 
80H / 1280 
Output Threshold 
OTHR 
01H / 10 


The Input and Output FIFO channels can be recon- 
figured by programming any of these SFRs while the 
UPI-452 is in the Freeze Mode. The Host is notified 
when the Freeze Mode is active by a "1" in HST1 of 
the Host Status Register (HSTAT). The Host should 
interrogate HST1 to determine the status of the 
FIFO interface following reset before attempting to 
read from or write to the UPI-452 FIFO buffer. 


NOTE: 
During the initialization sequence of the UPI-452 
FIFO SFRs, the OTHR should be changed from the 
default setting of 1 to a value between 2 and 
((80H-CBP)-11. Please refer to the section on Input 
and Output FIFO threshold SFRs for further infor- 
mation. 


Interface 
Pins; 
CS 
A2 
A1 
AO 
READ 
WRITE 
Operation 
In 
Status In 
DACK 
Normal Mode 
FIFO DMA Freeze 
Mode 


1 
0 
0 
1 
0 
0 
1 
Read Host Status SFR 
Operational 


1 
0 
0 
1 
1 
0 
1 
Read Host Control SFR 
Operational 


1 
0 
0 
1 
1 
1 
0 
Write Host Control SFR 
Disabled 


1 
0 
0 
0 
0 
0 
1 
Data or DMA Data from 
Disabled 
Output Channel 


1 
0 
0 
0 
0 
1 
0 
Data or DMA Datato 
Disabled 
Input Channel 


1 
0 
0 
0 
1 
0 
1 
Data Stream Command from 
Disabled 
Output Channel 


1 
0 
0 
0 
1 
1 
0 
Data Stream Command to 
Disabled 
Input Channel 


1 
0 
1 
0 
0 
0 
1 
Read Immediate Command 
Disabled 
Out from Output Channel 


1 
0 
1 
0 
0 
1 
0 
Write Immediate Command 
Disabled 
In to Input Channel 


0 
X 
X 
X 
X 
0 
1 
DMA Data from Output 
Disabled 
Channel 


0 
X 
X 
X 
X 
1 
0 
DMA Data to Input Channel 
Disabled 


• 


fhe 110sTfOllowing power on reset in order to indi- 
cate to the Host that FIFO DMA Freeze Mode is in 
progress. This is done by enabling the INTRa inter- 
rupt output pin via the MODE SFR (MD4) before the 
Slave Control SFR Enable FIFO DMA Freeze Mode 
bit is set to Normal Mode. At power on reset the 
Mode SFR is forced to zero. This disables all inter- 
rupt 
and 
DMA 
output 
pins 
(INTRa, 
DRaIN/ 
INTRalN and DRaOUT /INTRaOUT). Because the 
Host Status SFR FIFO DMA Freeze Mode In Prog- 
ress bit is set, a Request For Service, INTRa, inter- 
rupt is pending until the Host Status SFR is read. 
This is because the FIFO DMA Freeze Mode inter- 
rupt is always enabled. If the Slave Control FIFO 
DMA Freeze Mode bit (SLCON FRZ) is set to Nor- 
mal Mode before the MODE SFR INTRa bit is en- 
abled, the INTRa output will not go active when the 
MODE SFR INTRa bit is enabled if the Host Status 
SFR has been read. 


The default values for the FIFO and Slave Interface 
represents minimum UPI-452 internal initialization. 
No specific Special Function Register initialization is 
required to begin operation of the FIFO Slave Inter- 
face. The last initialization instruction must always 
set the UPI-452 to Normal Mode. This causes the 
UPI-452 to exit FIFO DMA Freeze Mode and en- 
ables Host read/write access of the FIFO. 


Following reset, either hardware (via the RST pin) or 
software (via HCON SFR bit HC3) the UPI-452 reo 
quires 2 internal machine cycles (24 TCLCL) to up- 
date all internal registers. 


Invoking FIFO DMA Freeze Mode 
During Normal Operation 


When the UPI-452 is in normal operation, FIFO DMA 
Freeze Mode should not be arbitrarily invoked by 
clearing SC3 (SC3= 0) because the external Host 
runs asynchronously to the internal CPU. Invoking 
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~ 
_ 
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external Host from accessing the UPI-452 will not 
guarantee a clean break with the external Host. 


The proper way to invoke FIFO DMA Freeze Mode is 
by issuing an Immediate Command to the external 
host indicating that FIFO DMA Freeze Mode will be 
invoked. Upon receiving the Immediate Command, 
the external Host should complete servicing all 
pending interrupts and DMA requests, then send an 
Immediate Command back to the UPI-452 acknowl- 
edging the FIFO DMA Freeze Mode request. After 
issuing the first Immediate Command, the internal 
CPU should not perform any action on the FIFO until 
FIFO DMA Freeze Mode is invoked. 


If FIFO DMA Freeze Mode is invoked without stop- 
ping the Host during Host transfers, only the last two 
bytes of data written into or read from the FIFO will 
be valid. The timing diagram for disabling the FIFO 
module to the external Host interface is illustrated in 
Figure 12. Due to this synchronization sequence, the 
UPI-452 might not go into FIFO DMA Freeze Mode 
immediately after SC3 is cleared. A special bit in the 
Slave Status Register (SST5) is provided to indicate 
the status of the FIFO DMA Freeze Mode. The FIFO 
DMA Freeze Mode operations described in this sec- 
tion are only valid after SST5 is cleared. 


As FIFO DMA Freeze Mode is invoked, the DRaiN 
or DRaOUT will be deactivated (stopping the trans- 
ferring of data), bit 1 of the Host Status SFR will be 
set (HST1= 1), and SST5 will be cleared (SST5= 0) 
to indicate to the external Host and internal CPU 
that the slave interface has been frozen. After the 
freeze becomes effective, any attempt by the exter- 
nal Host to access the FIFO will cause the overrun 
and underrun bits to be activated (bits HST7 (for 
reads) or HST3 (for writes)). These two bits, HST3 
and HST7, will be set (deactivated) after the Host 
Status SFR has been read. If INTRa is used to re- 
quest service, the FIFO interface is frozen upon 
completion of any Host read or write operatien in 
progress. 
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FIFO to Host Slave Interface 
Timing Diagram 
6-104 
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External Host writing to the Immediate Command In 
SFR and the Host Control SFR is also inhibited 
when the slave bus interface is frozen. Writing to 
these two registers after FIFO DMA Freeze Mode is 
invoked will also cause HST3 (overrun) to be activat- 
ed (HST3=0). Similarly, reading the Immediate 
Command Out Register by the external Host is dis- 
abled during FIFO DMA Freeze Mode, and any at- 
tempt to do so will cause the clearing (deactivating, 
"0") of HST7 bit (underrun). 


After the slave bus interface is frozen, the internal 
CPU can perform the following operations on the 
FIFO Special Function Registers (these operations 
are allowed only during FIFO DMA Freeze Mode). 


For FIFO 
Reconfiguration 
1. Changing the Channel 
Boundary Pointer SFR. 


2. Changing the Input and 
Output Threshold SFR. 


To Enhance the 
Testability 
3. Writing to the read and write 
pointers of the Input and 
Output FIFO's. 
4. Writing to and reading the 
Host Control SFRs. 


5. Controlling some bits of Host 
and Slave Status SFRS. 


6. Reading the Immediate 
Command Out SFR and 
Writing to the Immediate 
Comand In SFR. 


Description 
of each of these special 
functions 
are as follows: 


FIFO Module SFRs During 
FIFO DMA Freeze Mode 


Table 9 summarizes the characteristics of all the 
FIFO Special Function Registers during normal and 
FIFO DMA Freeze Modes. The registers that require 
special treatment in FIFO DMA Freeze Mode are: 
HCON, 
IWPR, 
IRPR, 
OWPR, 
ORPR, 
HSTAT, 
SSTAT, MIN & MOUT SFRs. They can be described 
in detail as follows: 


During normal operation, this register is written to or 
read by the external Host. However, in FIFO DMA 
Freeze Mode (Le. SST5=0) the UPI-452 internal 
CPU has write access to the Host Control SFR and 
write operations to this SFR by the external Host will 
not be accepted. If the Host attempts to write to 


HCON, the 
Input Channel 
error 
condition 
flag 
(HST3) will be cleared. 


Input FIFO Pointer Registers 
(IRPR & IWPR) 


Once the FIFO module is in FIFO DMA Freeze 
Mode, error flags due to overrun and underrun of the 
Input FIFO pointers will be disabled. Any attempt to 
create an overrun or underrun condition by changing 
the Input FIFO pointers would result in an inconsist- 
ency in performance between the status flag and the 
threshold counter. 


To enhance the speed of the UPI-452, read opera- 
tions on the Input FIFO will look ahead by two bytes. 
Hence, every time the IRPR is changed during FIFO 
DMA Freeze Mode, two NOPs need to be executed 
so that the two byte pipeline can be updated with the 
new data bytes pointed to by the new IRPR. The 
Threshold Counter SFR also needs to change by the 
same number of bytes as the 
IRPR (increase 
Threshold Counter if IRPR goes forward or decrease 
if IRPR goes backward). This will ensure that future 
interrupts will still be generated only after a thresh- 
old number of bytes are available. (See "Input and 
Output FIFO Threshold SFR" section below.) 


In FIFO DMA Freeze Mode, the internal CPU can 
also change the content of IWPR, and each change 
of IWPR also requires an update of the Threshold 
Counter SFR. 


Normally, the internal CPU cannot write into the In- 
put FIFO. It can, however, during FIFO DMA Freeze 6 
Mode by first reconfiguring the FIFO as an Output 
FIFO (Refer to "Input and Output FIFO Threshold 
SFR" section below). Changing the IRPR to be 
equal to IWPR generates an empty condition while 
changing IWPR to be equal to IRPR generates a full 
condition. The order in which the pointers are written 
determines whether a full or empty condition is gen- 
erated. 


Output FIFO Pointer SFR 
(ORPR and OWPR) 


In FIFO DMA Freeze Mode the contents of OWPR 
can be changed by the internal CPU, but each 
change of OWPR or ORPR requires the Threshold 
Counter SFR to be updated as described in the next 
section. A NOP must be executed whenever a new 
value is written into ORPR, as just described for 
changes to IRPR. As before, changing ORPR to be 
equal to OWPR will generate an empty condition, 
Output FIFO overrun or underrun condition cannot 
be generated though. The FIFO pointers should not 
be set to a value outside of its range. 


inter 


Normal 
FIFO DMA Freeze 
Mode 
Label 
Name 
Operation 
Operation 
(SST5 = 1) 
(SST5 = 0) 


HCON 
Host Control 
Not Accessible 
Read & Write 


HSTAT 
Host Status 
Read Only 
Read & Write 4 


SLCON 
Slave Control 
Read & Write 
Read & Write 


SSTAT 
Slave Status 
Read Only 
Read & Write 4 


IEP 
Interrupt 
Enable & Priority 
Read & Write 
Read & Write 


MODE 
Mode Register 
Read & Write 
Read & Write 


IWPR 
Input FIFO Write Pointer 
Read Only 
Read & Write 5 


IRPR 
Input FIFO Read Pointer 
Read Only 
Read & Write 1, 5 


OWPR 
Output FIFO Write Pointer 
Read Only 
Read & Write 6 


ORPR 
Output FIFO Read Pointer 
Read Only 
Read & Write 2, 6 


CBP 
Channel 
Boundary 
Pointer 
Read Only 
Read & Write 3 


IMIN 
Immediate 
Command 
In 
Read Only 
Read & Write 


IMOUT 
Immediate 
Command 
Out 
Read & Write 
Read & Write 


FIN 
FIFO IN 
Read Only 
Read Only 


CIN 
COMMAND 
IN 
Read Only 
Read Only 


FOUT 
FIFO OUT 
Read & Write 
Read & Write 


COUT 
COMMAND 
OUT 
Read & Write 
Read & Write 


ITHR 
Input FIFO Threshold 
Read Only 
Read & Write 


OTHR 
Output FIFO Threshold 
Read Only 
Read & Write 


NOTES: 
1. Writing of IRPR will automatically cause the FIFO IN SFR to load the contents of the Input FIFO from that location. 
2. Writing to ORPR will automatically cause the IOBl SFR to load the contents of the Output FIFO at that ORPR address. 
3. Writing to the CBP SFR will cause automatic reset of the four pointers of the Input and Output FIFO channels. 
4. The internal CPU cannot directly change the status of these registers. However. by changing the status of the FIFO 
channels. the internal CPU can indirectly change the contents of the status registers. 
5. Changing the Input FIFO Read/Write Pointers also requires that a consistent update of the Input FIFO Threshold Counter 
SFR. 
6. Changing the Output FIFO Read/Write Pointers also requires that a consistent update of the Output FIFO Threshold 
Counter SFR. 


inter 


Input and Output 
FIFO Threshold 
SFR 
(ITHR & OTHR) 


The Input and Output FIFO Threshold SFRs are also 
programmable by the internal CPU during FIFO DMA 
Freeze Mode. For proper operation of the Threshold 
feature, the Threshold SFR should be changed only 
when the Input and Output FIFO channels are emp- 
ty, since they reflect the current number of bytes 
available to read/write before an interrupt is gener- 
ated. 


Table 10 illustrates the Threshold SFRs range of 
values and the number of bytes to be transferred 
when the Request For Service Flag is activated: 


Table 10.Threshold SFRs Range of Values and 
Number of Bytes to be Transferred 


ITHR 
No. of Bytes 
OTHR 
INo. of Bytes 
(lower 
Available to 
(lower 
Available to 
seven bits 
be Written 
seven bits) 
be Read 


0 
CBP 
2 
3 
1 
CBP-1 
3 
4 
2 
CBP-2 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
(80H-CBP)-3 (80H-CBP)-2 
CBP-3 
3 
(80H-CBP)-2(80H-CBP)-1 
(80H-CBP)-1(80H-CBP) 


The eighth bit of the Input and Output FIFO Thresh- 
old SFR indicates the status of the service requests 
regardless of the freeze condition. If the eighth bit is 
a "1", the FIFO is requesting service from the exter- 
nal Host. In other words, when the Threshold SFR 
value goes below zero (2's complement), a service 
request is generated'. 'The 8th bit of the ITHR SFR 
must be set during initialization if the Host interrupt 
request is desired immediately upon leaving Freeze 
Mode. Normally the ITHR SFR is decremented after 
each external Host write to the Input FIFO and incre- 
mented after each internal CPU read of the Input 
FIFO. The OTHR SFR is decremented by internal 
CPU writes and incremented by external Host reads. 
Thus if the pointers are moved when the FIFO's are 
not empty, these relatior.ships can be used to calcu- 
late the offset for the Threshold SFRs. It is best to 
change the Threshold SFRs only when the FIFO's 
are empty to avoid this complication. The threshold 
registers should also be updated after the pointers 
have been manipulated. 


NOTE: 
The ITHR should only be programmed in the range 
from 0 to (CBP-3). An ITHR value of (CBP-2) could 
result in a failure to set the Input FIFO service re- 
quest signal after the Input FIFO has been emptied. 


Correspondingly, the OTHR should be programmed 
in the range from 2 to ((80H-CBP)-1J. An OTHR 
value of 1 could result in a failure to set the Output 
FIFO service request after subsequent writes by the 
UPI-452 have filled the Output FIFO. 


NOTE: 
When programming the ITHR SFR, the eighth bit 
should be set to 1 (OR'd with 80H). This causes 
HSTAT SFR HSTO = 0, Input FIFO Request For 
Service. If ITHR bit 7 = 0 then HSTAT HSTO = 1, 
Input FIFO Does Not Request Service, and no in- 
terrupt will be generated. 


Host Status 
SFR (HST AT) 


When in FIFO DMA Freeze Mode, some bits in the 
Host Status SFR are forced high and will not reflect 
the new status until the system returns to normal 
operation. The definition of the register in FIFO DMA 
Freeze Mode is as follows: 


NOTE: 
The internal CPU reads this shadow latch value 
when reading the Host Status SFR. The shadow 
latch will keep the information for these bits so nor- 
mal operation can be resumed with the right status. 
The following bits are set (= 1) when FIFO DMA 
Freeze Mode is invoked; 
HST7 Output FIFO Error Condition Flag 
1 = No error. 
o = An invalid read has been done on the 
output FIFO or the Immediate Command 
Out Register by the host CPU. 


NOTE: 
The normal underrun error condition status is dis- 
abled. If an Immediate Command Out (IMOUT) 
SFR read is attempted during FIFO DMA Freeze 
Mode, the contents of the IMOUT SFR is output on 
the Data Buffer and the error status is cleared 
(= 0). 


HST6 Immediate Command Out SFR Status 
During normal operation, this bit is cleared 
(= 0) when the IMOUT SFR is written by the 
UPI-452 internal CPU and set (= 1) when the 
IMOUT SFR is read by the external Host. 
Once the host-slave interface is frozen (Le. 
SST5 = 0), this bit will be read as a 1 by the 
host CPU. A shadow latch will keep the infor- 
mation for this bit so normal operation can be 
resumed with the correct status. 
Shadow latch: 
1 = Internal CPU reads the IMOUT SFR 
o = Internal CPU writes to the IMOUT SFR 


• 


This bit is forced to a "1" during FIFO DMA 
Freeze Mode to prevent the external host 
CPU from trying to read the DSC. Once nor- 
mal operation is resumed, HST5 will reflect 
the Data/Command status of the current byte 
in the Output FIFO. 
Shadow Latch (read by the internal CPU): 
1 = No Data Stream Command (DSC) 
o = Data Stream Command at Output FIFO 
HST4 Output FIFO Service Request Status 
When FIFO DMA Freeze Mode is invoked, 
this bit no longer reflects the Output FIFO Re- 
quest Service Status. This bit wll be forced to 
a "1". 
HST3 Input FIFO Error Condition Flag 
1 = No error. 
o = One of the following operations has 
been attempted by the external host and 
is invalid: 
1) Write into the Input FIFO 
2) Write into the Host Control SFR 
3) Write into the Immediate Command In 
SFR 


NOTE: 
The normal Input FIFO overrun condition is dis- 
abled. 
HST2 Immediate Command In SFR Status 
This bit is normally cleared when the internal 
CPU reads the IMIN SFR and set when the 
external host CPU writes into the IMIN SFR. 
When the host-slave interface is frozen, read- 
ing and writing of the IMIN by the internal 
CPU will change the shadow latch of this bit. 
This bit will be read as a "1" by the external 
Host. 


Shadow latch. 
1 = Internal CPU writes into 1MIN SFR 
o = Internal CPU reads the IMIN SFR 
HST1 FIFO DMA Freeze Mode Status 
1 = FIFO DMA Freeze Mode. 
o = Normal 
Operation 
(non-FIFO 
DMA 
Freeze Mode). 


NOTE: 
This bit is used to indicate to the external Host that 
the host-slave interface has been frozen and hence 
the external Host functions are now reduced as 
shown in Table 8. 
HSTO Input FIFO Request Service Satus 
When slave interface is frozen this bit no 
longer reflects the Input FIFO Request Serv- 
ice Status. This bit will be forced to a "1". 


The Slave Status SFR is a read-only SFR. However, 
once the slave interface is frozen, most of the bits of 
this SFR can be changed by the internal CPU by 
reconfiguring the FIFO and accessing the FIFO Spe- 
cial Function Registers. 
SST7 Output FIFO Overrun Error Flag 
Inoperative in FIFO DMA Freeze Mode. 


SST6 Immediate Command Out SFR Status 
In FIFO DMA Freeze Mode, this bit will be 
cleared when the internal CPU reads the Im- 
mediate Command Out SFR and set when 
the internal CPU writes to the Immediate 
Command Out Register. 


SST5 FIFO-External Interface FIFO DMA Freeze 
Mode Status 
This bit indicates to the internal CPU that 
FIFO DMA Freeze Mode is in progress and 
that it has write access to the FIFO Control, 
Host control and Immediate Command SFRs. 


SST4 Output FIFO Request Service Status 
During normal operation, this bit indicates to 
the internal CPU that the Output FIFO is 
ready for more data. The status of this bit re- 
flects the position of the Output FIFO read 
and write pointers. Hence, in FIFO DMA 
Freeze Mode, this flag can be changed by the 
internal CPU indirectly as the read and write 
pointers change. 
SST3 Input FIFO Underrun Flag 
Inoperative during FIFO DMA Freeze Mode. 
During normal operation, a read operation 
clears (= 0) this bit when there are no data 
bytes in the Input FIFO and deactivated (= 1) 
when the Slave Status SFR is read. In FIFO 
DMA Freeze Mode, this bit will not be cleared 
by an Input FIFO read underrun error condi- 
tion, nor will it be reset by the reading of the 
Slave Status SFR. 


SST2 Immediate Command In SFR Status 
This bit is normally activated (= 0) when the 
external host CPU writes into the Immediate 
Command In SFR and deactivated (= 1) 
when it is read by the internal CPU. In FIFO 
DMA Freeze Mode, this bit will not be activat- 
ed (= 0) by the external Host's writing of the 
Immediate Command IN SFR since this func- 
tion is disabled. However, this bit will be 
cleared (= 0) if the internal CPU writes to the 
Immediate Command In SFR and it will be set 
= 1) if it reads from the register. 


inter 


SST1 Data Stream Command at Input FIFO Flag 
In FIFO DMA Freeze Mode, this bit operates 
normally. It indicates whether the next byte of 
data from the Input FIFO is a DSC or data 
byte. If it is a DSC byte, reading from the 
FIFO IN SFR will result in reading invalid data 
(FFH) and vice versa. In FIFO DMA Freeze 
Mode, this bit still reflects the type of data 
byte available from the Input FIFO. 
SSTO Input FIFO Service Request Flag 
During normal operation, this bit is activated 
(= 0) when the Input FIFO contains bytes that 
can be read by the internal CPU and deacti- 
vated (= 1) when the Input FIFO does not 
need any service from the internal CPU. In 
FIFO DMA Freeze Mode, the status of this bit 
should not change unless the pointers of the 
Input FIFO are changed. In this mode, the in- 
ternal CPU can indirectly cha.nge this bit by 
changing the read and write pointers of the 
Input FIFO but cannot change it directly. 


Immediate 
Command 
In/Out 
SFR 
(IMIN/IMOUT) 


If FIFO DMA Freeze Mode is in progress, writing to 
the Immediate Command In SFR by the external 
host will be disabled, and any such attempt will 
cause HST3 to be cleared (= 0). Similarly,the Imme- 
diate Command Out SFR read operation (by the 
host) will be disabled internally and read attempts 
will cause HST7 to be cleared (= 0). 


Internal CPU Read and Write of the 
FIFO During FIFO DMA Freeze Mode 


In normal operation, the Input FIFO can only be read 
by the internal CPU and similarly, the Output FIFO 
can only be written by the internal CPU. During FIFO 
DMA Freeze Mode, the internal CPU can read the 
entire contents of the Input FIFO by programming 
the CBP SFR to 7FH, setting the IRPR SFR to zero, 
and then the IWPR SFR to zero. Programming the 
pointer registers in this order generates a FIFO full 
signal to the FIFO logic and enables internal CPU 
read operations. If the IWPR and IRPR are already 
zero, the write pointer should be changed to a non- 
zero value to clear the empty status then the point- 
ers can be set to zero. Writing to the IRDR SFR 
automatically updates the look ahead registers. 


In a similar manner, the internal CPU can write to all 
128 bytes of the FIFO by setting ths CBP SFR to 
zero, setting OWPR SFR to zero, and then setting 


ORPR SFR to zero. This generates a FIFO empty 
signal and allows internal CPU write operations to all 
128 bytes of the FIFO. The Threshold registers also 
need to be adjusted when the pointers are changed. 
(See "Input and Output FIFO Threshold SFR" sec- 
tion below.) 


The UPI-452 has separate address spaces for Pro- 
gram Memory and Data Memory like the 80C51. The 
Program Memory can be up to 64K bytes. The lower 
8K of Program Memory may reside on-chip. The 
Data Memory consists of 256 bytes of on-chip RAM, 
up to 64K bytes of off-chip RAM and a number of 
"SFRs" (Special Function Registers) which appear 
as yet another set of unique memory addresses. 


Table 11a. Internal 
Memory 
Addressing 


Memory 
Space 
Addressing 
Method 


Lower 128 Bytes of 
Direct or Indirect 
Internal RAM 


Upper 128 Bytes 
Indirect Only 
of Internal RAM 


UPI-452SFR's 
Direct Only 


The 80C51 Special Function Registers are listed in 
Table 11a, and the additional UPI-452 SFRs are list- 
ed in Table 11b. A brief description of the 80C51 
core SFRs is also provided below. 


Accessing 
External Memory 


As in the 80C51, accesses to external memory are 
of two types: Accesses to external Program Memory 
and accesses to external Data Memory. 


External Program Memory is accessed under two 
conditions: 
1) Whenever signal EA = 0; or 
2) Whenever the program counter (PC) contains a 
number that is larger than 1FFFH. 


This requires that the ROMless versions have EA 
wired low to enable the lower 8K program bytes to 
be fetched from external memory. 


External Data Memory is accessed using either the 
MOVX @DPTR(16 bit address) or the MOVX @Ri(8 
bit address) instructions, or during external data 
memory transfers. 


inter 
UPI-452 


Table 
11b. 80C51 Special 
Function 
Registers 
Table 
11c. UPI-452 Additional 
Special 
Function 
Registers 
(Continued) 
Symbol 
Name 
Address 
Contents 


'ACC 
Accumulator 
OEOH 
OOH 


'B 
B Register 
OFOH 
OOH 


'PSW 
Program Status 
ODOH 
OOH 
Word 
SP 
Stack Pointer 
81H 
07H 
DPTR 
Data Pointer 
82H 
OOOOH 
(consisting 
of DPH 
and DPL) 
'PO 
Port 0 
80H 
OFFH 


'P1 
Port 1 
90H 
OFFH 


'P2 
Port 2 
OAOH 
OFFH 


'P3 
Port 3 
OBOH 
OFFH 


'IP 
Interrupt 
Priority 
OB8H 
OEOH 
Control 


'IE 
Interrupt 
Enable 
OA8H 
60H 
Control 
TMOD 
Timer/Counter 
89H 
OOH 
Mode Control 


'TCON 
Timer/Counter 
88H 
OOH 
Control 
THO 
Timer/Counter 
8CH 
OOH 
o (high byte) 
TLO 
Timer/Counter 
8AH 
OOH 
o (low byte) 
TH1 
Timer/Counter 
8DH 
OOH 
1 (high byte) 
TL1 
Timer/Counter 
8BH 
OOH 
1 (low byte) 
'SCON 
Serial Control 
98H 
OOH 
SBUF 
Serial Data Buff 
99H 
I 
PCON 
Power Control 
87H 
IOH 


I = Indeterminate 
The SFRs marked with an asterisk (OJ are both bit- and 
byte- addressable. The functions of the SFRs are as fol- 
lows: 


Table 
11c. UPI·452 Additional 
Special 
Function 
Registers 


Symbol 
Name 
Address 
Contents 


BCRLO 
DMA Byte 
OE2H 
I 
Count Low Byte/ 


BCRHO 
High Byte/ 
OE3H 
I 
Channel 
0 


BCRL1 
Low Byte/ 
OF2H 
I 
BCRH1 
Hi Byte/ 
OF3H 
I 
Channel 
1 


CBP 
Channel 
Boundary 
OECH 
40H 
Pointer 


CIN 
COMMAND 
IN 
OEFH 
I 
COUT 
COMMAND 
OUT 
OFFH 
I 
DMA Destination 
Address 


Symbol 
Name 
Address 
Contents 


DARLO 
Low Byte/ 
OC2H 
I 


DARHO 
Hi Byte/ 
OC3H 
I 
Channel 
0 


DARL1 
Low Byte/ 
OD2H 
I 


DARH1 
Hi Byte/ 
OD3H 
I 
Channel 
1 


DCONO 
DMAO Control 
92H 
OOH 


DCON1 
DMA 1 Control 
93H 
OOH 


FIN 
FIFO IN 
OEEH 
I 


FOUT 
FIFO OUT 
OFEH 
I 


HCON 
Host Control 
OE7H 
OOH 


HSTAT 
Host Status 
OE6H 
OFBH 


'IEP 
Interrupt 
Enable 
OF8H 
OCOH 
and Priority 


IMIN 
Immediate 
Command 
OFCH 
I 
In 


IMOUT 
Immediate 
Command 
OFDH 
I 
Out 


IRPR 
Input Read 
OEBH 
OOH 
Pointer 


ITHR 
Input FIFO 
OF6H 
80H 
Threshold 


IWPR 
Input Write 
OEAH 
OOH 
Pointer 


MODE 
Mode Register 
OF9H 
8FH 


ORPR 
Output Read 
OFAH 
40H 
Pointer 


OTHR 
Output FIFO 
OF7H 
01H 
Threshold 


OWPR 
Output Write 
OFBH 
40H 
Threshold 


°p4 
Port 4 
OCOH 
OFFH 
DMA Source Address 


SARLO 
Low Byte/ 
OA2H 
I 


SARHO 
Hi Byte/ 
OA3H 
I 
Channel 
0 


SARL1 
Low Byte/ 
OB2H 
I 


SARH1 
Hi Byte/ 
OB3H 
I 
Channel 
1 


'SLCON 
Slave Control 
OE8H 
04H 


SSTAT 
Slave Status 
OE9H 
08FH 


I = Indeterminate 
The SFRs marked with an asterisk (OJ are both bit- and 
byte- addressable. The functions of the SFRs are as fol- 
lows: 
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Miscellaneous 
Special Function 
Register Description 


80C51 SFRs 


ACC is the Accumuator SFR. The mnemonics for 
accumulator-specific instructions, however, refer to 
the accumulator simply as A. 


The B SFR is used during multiply and divide opera- 
tions. For other instructions it can be treated as an- 
other scratch pad regster. 


The PSW SFR contains program status information 
as detailed in Table 12. 


The Stack Pointer register is 8 bits wide. It is incre- 
mented before data is stored during PUSH and 
CALL executions. While the stack may reside any- 
where in on-chip RAM, the Stack Pointer is initialized 
to 07H after a reset. This causes the stack to begin 
at location 08H. 


The Data Pointer (DPTR) consists of a high byte 
(DPH) and a low byte (DPL). Its intended function is 
to hold a 16-bit address. It may be manipulated as a 
16-bit register or as two independent 8-bit registers. 


PO,P1, P2, P3 and P4 are the SFR latches of Ports 
0, 1, 2, 3 and 4, respectively. 


The Serial Data Buffer is actually two separate regis- 
ters, a transmit buffer and a receive buffer register. 
When data is moved to SBUF, it goes to the transmit 
buffer where it is held for serial transmission. (Mov- 
ing 
a 
byte 
to 
SBUF 
is 
what 
initiates 
the 
transmission.) When data is moved from SBUF, it 
comes from the receive buffer. 


Register pairs (THO, TLO), and (TH1, TL1) are the 
16-bit counting registers for Timer/Counters 0 and 2. 


The PCON Register (Table 13) controls the power 
down and idle modes in the UPI-452, as well as pro- 
viding the ability to double the Serial Channel baud 
rate. There are also two general purpose flag bits 
available to the user. Bits 5 and 6 are used to set the 
HOLD/HOLD 
Acknowledge mode (see "General 
Purpose DMA Channels" section), and bit 4 is not 
used. 


CY 


(MSB) 


P 


(LSB) 


Physical 
Address 


ODOH 


Symbolic 
Address 


PSW 
FO 
1 
RS 1 I 
RSO I 
OV 


Symbol 
Position 
Name 


CY 
PSW.7 
Carry Flag 
AC 
PSW.6 
Auxiliary Carry (For BCD operations) 
FO 
PSW.5 
Flag 0 (user assignable) 
RS1 
PSW.4 
Register 
Bank Select bit 1· 
RSO 
PSW.3 
Register 
Bank Select bit O· 
OV 
PSW.2 
Overflow 
Flag 
- 
PSW.1 
(reserved) 
P 
PSW.O 
Parity Flag 


RS1 
RSO 
Internal 
RAM Register 
Bank 


0 
0 
BankO 
0 
1 
Bank 1 
1 
0 
Bank 2 
1 
1 
Bank 3 


Symbolic 
Address 


PCON 
IDL 


(LSB) 


Physical 
Address 


087H 
- I SMOD I 
ARB 
I 
REO 
1__ 
1 
GF1 
I 
GFO 
I 
PO 


(MSB) 


Symbol 
Position 
Function 


SMOD 
PCON7 
Double Baud rate bit. When set to a 
1, the baud rate is doubled when the 
serial port is being used in either 
Mode 1, 2 or 3. 
ARB 
PCON6 
HLD/HLDA 
Arbiter control 
bit • 
REO 
PCON5 
HLD/HLDA 
Requestor 
control 
bit • 
- 
PCON4 
(reserved) 
GF1 
PCON3 
Ge'1eral-purpose 
flag bit 
GFO 
PCON2 
General-purpose 
flag bit 
PO 
PCON1 
Power Down bit. Setting this bit 
activates 
power down operation. 
IDL 
PCONO 
Idle Mode bit. Setting this bit 
activates 
idle mode operation. 


NOTE: 
If 1'5 are written 
to PO and IOL at the same time, PO takes 
precedence. 
The reset value 
of peON is (OOOXOOOO). 


NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings 
only. Operation 
beyond 
the 
"Operating 
Conditions" 
is not recommended 
and ex- 


tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


Ambient 
Temperature 
Under Bias ..... 
O°C to 70°Ct 


Storage Temperature 
-65°C 
to + 150°C 


Voltage 
on Any 
Pin to Vss 
-0.5V 
to VCC + 0.5V 


Voltage 
on Vcc to Vss 
-0.5V 
to + 6.5V 


Power Dissipation 
1.0W·· 


Symbol 
Parameter 
Min 
Max 
Units 
Test Conditions 


Vil 
Input Low Voltage 
-0.5 
0.8 
V 


VIH 
Input High Voltage 
2.0 
Vcc + 0.5 
V 
(except XTAL1, RST) 


VIH1 
Input High Voltage 
3.9 
Vcc + 0.5 
V 
(XTAL 1, RST) 


Val 
Output Low Voltage 
0.45 
V 
tal = 1.6 mA (Note 1) 
(Ports 1, 2, 3, 4) 


VOL1 
Output Low Voltage 
0.45 
V 
IOl = 3.2 mA (Note 1) 
(except 
Ports 1, 2, 3, 4) 


VOH 
Output High Voltage 
2.4 
V 
IOH = -60 
p,A, VCC = 5V ± 10% 
(Ports 1, 2, 3, 4) 
0.9VCC 
V 
IOH = -10 
p,A 


VOH1 
Output High Voltage 
2.4 
V 
IOH = -400 
p,A, Vcc = 5V ± 10% 
(except 
Ports 1, 2, 3, 4 and 
0.9Vcc 
V 
IOH = - 40 p,A (Note 2) 
Host Interface 
(Slave) Port) 


VOH2 
Output High Voltage 
2.4 
V 
IOH = -400p,A, 
Vcc = 5V ±10% 


(Host Interface 
(Slave) Port) 
VCC - 
0.4 
V 
IOH = -10 
p,A 


III 
Logical 0 Input Current 
-50 
p,A 
VIN = 0.45V 
(Ports 1, 2, 3, 4) 
. 


ITl 
Logical 
1 to 0 Transition 
-650 
p,A 
VIN = 2V 
Current (Ports 1, 2, 3, 4) 
• 


inter 


Symbol 
Parameter 
Mln 
Max 
Units 
Test Conditions 


III 
Input Leakage Current 
±10 
IJ-A 
0.45V < VIN < Vcc 
(except 
Ports 1, 2, 3, 4) 


loz 
Output Leakage Current 
±10 
IJ-A 
0.45V < VOUT < VCC 


(except 
Ports 1,2,3,4) 


Icc 
Operating 
Current 
50 
mA 
Vcc = 5.5V, 14 MHz (Note 4) 


ICCI 
Idle Mode Current 
25 
mA 
VCC = 5.5V, 14 MHz (Note 5) 


IpD 
Power Down Current 
100 
IJ-A 
VCC = 2V (Note 3) 


RRST 
Reset Pulldown 
Resistor 
50 
150 
Kfi 


CIO 
Pin Capacitance 
20 
pF 
1 MHz, TA = 25°C 
(sampled, 
not tested on all parts) 


NOTES: 
1. Capacitive loading on Ports 0 and 2 may cause spurious noise pulses to be superimposed on the VOLSof ALE and Ports 
1 and 3. The noise is due to external bus capacitance discharging into the Port 0 and Port 2 pins when these pins make 1- 
to-Otransitions during bus operations. In the worst cases (capacitive loading> 
100 pF), the noise pulse on the ALE line may 


exceed 0.8V. In such cases it may be desirable to qualify ALE with a Schmitt Trigger, or use an address latch with a Schmitt 
Trigger STROBE input. 
2. Capacitive loading on Ports 0 and 2 may cause the VOH on ALE and PSEN to momentarily fall before the 0.9 Vce 
specification when the address bits are stabilizing. 
3. Power DOWN I~easured 
with all output pins disconnected; EA = Port 0 = Vce; XTAL2 N.C.; RST = Vss; DB = 


Vce; WR = AD = DACK = CS = AO = Al = A2 = Vce. Power Down Mode is not supported on the 87C452P. 
4. Ice is measured with all output pins disconnected; XTAL1 driven with TCLCH, TCHCL = 5 ns, VIL = Vss + 0.5V, VIH = 
Vce - 0.5V; XTAL2 N.C.; EA = RST = Port 0 = Vee; WR = RD = DACK = CS = AO = Al = A2 = Vee. Ice would be 
slightly higher if a crystal oscillator is used. 
5. Idle Ice is measured with all output pins disconnected; XTAL1 driven with TCLCH, TCHCL = 5 ns, VIL = Vss + 0.5V, 
VIH = Vee - 
0.5V; XTAL2 N.C.; Port 0 = Vee; EA = RST = Vss; WR = Rl) = DACK = CS = AO = Al = A2 = Vce. 


Each timing symbol 
has 5 characters. 
The first char- 
acter 
is always 
a 'T' 
(stands 
for time). 
The 
other 
characters, 
depending 
on their 
positions, 
stand 
for 
the 
name 
of a signal 
or the 
logical 
status 
of that 
signal. The following 
is a list of all the characters 
and 
what they stand for: 


A: Address. 


C: Clock. 


D: Input data. 


H: Logic level HIGH. 


I: 
Instruction 
(program 
memory 
contents). 


L: 
Logic level LOW, or ALE. 


P: PSEN. 


Q: Output 
data. 


R: READ signal. 


T: 
Time. 


V: Valid. 


W: WRITE signal. 


X: 
No longer a valid logic level. 


Z: 
Float. 


EXAMPLE 


TAVLL = Time for Address 
Valid to ALE Low. 


TLLPL = Time for ALE Low to PSEN Low. 


A.C. CHARACTERISTICS 
TA = O·C to 70·C, Vcc = 5V ± 10%, VSS = OV, Load Capacitance 
for 
Port 0, ALE, and PSEN = 100 pF, Load Capacitance 
for All Other Outputs 
= 80 pF 


14 MHzOsc 
Variable 
Oscillator 
Symbol 
Parameter 
Units 
Mln 
Max 
Mln 
Max 


1/TCLCL 
Oscillator 
Frequency 
3.5 
14 
MHz 


TLHLL 
ALE Pulse Width 
103 
2TCLCL-40 
ns 


TAVLL 
Address 
Valid to ALE Low 
25 
TCLCL-55 
(Note 1) 
ns 


TLLAX 
Address 
Hold after ALE Low 
36 
TCLCL-35 
ns 


TLLlV 
ALE Low to Valid Instr In 
185 
4TCLCL-100 
ns 


TLLPL 
ALE Low to PSEN Low 
31 
TCLCL-40 
ns 


TPLPH 
PSEN Pulse Width 


. 


169 
3TCLCL-45 
ns 


TPLIV 
PSEN Low to Valid Instr In 
110 
3TCLCL-105 
ns 


TPXIX 
Input Instr Hold after PSEN 
0 
0 
ns 


TPXIZ 
Input Instr Float after PSEN 
57 
TCLCL-25 
(Note 1) 
ns 


TAVIV 
Address to Valid Instr In 
252 
5TCLCL-105 
ns 


TPLAZ 
PSEN Low to Address 
Float 
10 
10 
ns 


TALAH 
AD Pulse Width 
329 
6TCLCL-100 
ns 


TWLWH 
WA Pulse Width 
329 
6TCLCL-100 
ns 


TALDV 
AD Low to Valid Data In 
192 
5TCLCL-165 
ns 


TAHDX 
Data Hold after AD 
0 
0 
ns 


TAHDZ 
Data Float after AD 
73 
2TCLCL-70 
ns 


TLLDV 
ALE Low to Valid Data In 
422 
8TCLCL-150 
ns 


TAVDV 
Address 
to Valid Data In 
478 
9TCLCL-165 
ns 


TLLWL 
ALE Low to AD or WA Low 
164 
264 
3TCLCL-50 
3TCLCL+50 
ns 


TAVWL 
Address 
Valid to AD or WA Low 
156 
4TCLCL-130 
ns 


TQVWX 
Data Valid to WA Transition 
11 
TCLCL-60 
ns 


TWHQX 
Data Hold after WA 
21 
TCLCL-50 
ns 


TALAZ 
AD Low to Address 
Float 
0 
0 
ns 


TWHLH 
AD or WA High to ALE High 
31 
111 
TCLCL-40 
TCLCL+40 
ns 


TQVWH 
Data Valid to WA (Setup Time) 
350 
7TCLCL-150 
ns 


NOTE: 
1. Use the value 
of 14 MHz specification 
or variable 
oscillator 
specification, 
whichever 
is greater. 
• 


ALE.Jf.... 
TW_H_L_H •••rJ 
.... 
-..1 


PSEN J 
I, 
TLLDV 
\ 


ALEJf 


TWHLH ...•.Ih 
I 


PSENJ 
\ 
I 


WR 


TQVWH 
TWHQX 


PORTO 
DATA OUT 


PORT2 
P2.0 
- 
P2.7 
OR AB - A 15 
FROM 
DPH 
AB-A15 
FROM 
PCH 


231428-21 


\ 
0 
X 
:3 
X 
4 
X 
5 
X 
6 
X 
7 I III 


••• 
SET T1 


••• 
SET Rl 


231428-22 


t 
WRITE TO SBUF 


INPUT DATA 


t 
CLEAR Rl 
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Symbol 
Parameter 
Min 
Max 
Units 


1/TCLCL 
Oscillator 
Frequency 
3.5 
14 
MHz 


TCHCX 
High Time 
20 
ns 


TCLCX 
Low Time 
20 
ns 


TCLCH 
Rise Time 
20 
ns 


TCHCL 
Fall Time 
20 
ns 


NOTE: 
External 
clock 
timings 
are sampled. 
not tested 
on all parts. 


14 MHz Osc 
Variable 
Oscillator 
Symbol 
Parameter 
Units 
Min 
Max 
Min 
Max 


TXLXL 
Serial Port Clock Cycle Time 
857 
12TCLCL 
ns 


TOVXH 
Output Data Setup to Clock Rising Edge 
581 
1OTCLCL -133 
ns 


TXHOX 
Output Data Hold after Clock Rising Edge 
26 
2TCLCL-117 
ns 


TXHDX 
Input Data Hold after Clock Rising Edge 
0 
0 
ns 


TXHDV 
Clock Rising Edge to Input Data Valid 
581 
1OTCLCL -133 
ns 


VCC-O.5'\j-" 
0.2 Vcc+O.9 
>C 


0.45V --A._O_.2_Vc_c_-_O_.1 
. 


231428-24 
AC inputs during testing are driven at Vee -0.5V for a logic "1" 
and 0.45V for a logic "0". Timing measurements are made at VIH 
min. for a logic "1" and VIL max. for a logic "0". 


VOL+O.1V 


231428-25 
For timing purposes a port pin is no longer floating when a 
100 mV change from load voltage occurs, and begins to float 
when a 100 mV change from the loaded VOHIVOL level occurs. 
IOL/loH :> ± 20 mA. 


~_' 
T_H_t.l_IN_-_-_-_-_-_ -_ -_ -_ -_-. V 


I-- THLAL ~ 
I- THHAHy 
_ 


Requestor 
Mode 


_ 
I' 
TAt.lIN t 
HLDA 
\ 
_ 
"""'=1 
_ 
HLD 
f 


14 MHzOsc 
Variable 
Oscillator 
Symbol 
Parameter 
Units 
Min 
Max 
Min 
Max 


THMIN 
HLD Pulse Width 
386 
4TCLCL+100 
ns 


THLAL 
HLD to HLDA Delay if 
186 
672 
4TCLCL-100 
8TCLCL+100 
HLDA is Granted 
ns 


THHAH 
HLD to HLDA Delay 
186 
672 
4TCLCL-100 
8TCLCL+100 
ns 


TAMIN 
HLDA Pulse Width 
386 
4TCLCL+100 
ns 


TAHHL 
HLDP\ Inactive to 
186 
4TCLCL-100 
HLD Active 
ns 


,~~~=fi:i 


Tee 
} 
TRV 
f 


Tee 


TOR 


~ 
DATA 
lrovt 
= 
~TOH 
) 


l.-TRQ~ 


DRQIN 
~ 
DRQOUT 
231428-27 


14 MHz Osc 
Variable 
Oscillator 
Symbol 
Parameter 
Units 
Mln 
Max 
Mln 
Max 


TCC 
Cycle Time 
429 
6TCLCL 
ns 


TPW 
Command 
Pulse Width 
100 
100 
ns 


TRV 
Recovery 
Time 
60 
60 
ns 


TAS 
Address 
Setup Time 
5 
5 
ns 


TAH 
Address 
Hold Time 
30 
30 
ns 


TDS 
WRITE Data Setup Time 
30 
30 
ns 


TDHW 
WRITE Data Hold Time 
5 
5 
ns 


TDHR 
READ Data Hold Time 
5 
40 
5 
40 
ns 


TDV 
READ Active to Read 
92 
92 
ns 
Data Valid Delay 


TOR 
WRITE Inactive to Read 
343 
4.8TCLCL 
ns 
Data Valid Delay 
(Applies only to Host 
Control SFR) 


TRQ 
READ or WRITE Active 
150 
150 
ns 
to DRQIN or DRQOUT 
Inactive Delay 
. 


int_r 
DOCUMENT: 
UPI-452 
Data Sheet 


OLD REVISION 
NUMBER: 
231428-004 


NEW REVISION 
NUMBER: 
231428-005 


1. Maximum 
Clock Rate was changed 
from 16 MHz to 14 MHz. This change 
is reflected 
in all Maximum 
Timing 
specifications. 


2. The proper 
range of values for ITHR has been changed 
from 
[0 to (CBP-2) 1 to [ 0 to (CBP-3) 1 to ensure 
proper setting of the Input FIFO request for service bit. See the following 
sections: 
INPUT FIFO CHANNEL, 


and INPUT AND OUTPUT 
FIFO THRESHOLD 
SFR (ITHR & OTHR). 


3. The proper range of values for OTHR has been changed 
from [ 1 to {(80H-CBP)-1} 
1to [ 2 to ((80-CBP)-1l 
1 
to ensure 
proper 
setting 
of the Output 
FIFO request 
for service 
bit. See the following 
sections: 
OUTPUT 
FIFO CHANNEL, 
FIFO-EXTERNAL 
HOST INTERFACE 
FIFO DMA FREEZE 
MODE, and INPUT AND OUT- 


PUT FIFO THRESHOLD 
SFR (ITHR & OTHR). 


4. The following 
D.C. Characteristics 
were deleted 
from the data sheet: 


VOH 
= 0.75· 
Vcc 
@ IOH = -25 
IJ-A, 


VOH1 = 0.75· 
Vcc 
@ IOH = 150 IJ-A, 


VOH2 = 3.0V 
@ IOH = 1 mA, and 


ICC1 
= 15 mA 
@ Vcc 
= 5.5V (87C452P). 


See D.C. CHARACTERISTICS 
TABLE. 


5. The parameter 
descriptions 
for THHAH 
and THLAL has been reversed 
and their maximum 
specification 
for 
clock 
rates 
less than 
14 MHz has been 
changed 
from 
[4TCLC + 100 nsl to 
[8TCLC + 100 ns]. See 
HLD/HLDA 
TIMINGS. 


6. TAMIN specification 
has been removed from the Arbiter Mode waveform 
diagram and added to the Request- 


or Mode waveform 
diagram. 
See HLD/HLDA 
WAVEFORMS. 
• 


UPITM·41AH/42AH 
UNIVERSAL PERIPHERAL INTERFACE 
8·BIT SLAVE MICROCONTROLLER 
• UPI-41: 6 MHz; UPI-42: 12.5 MHz 
• Fully Compatible with all Intel and Most 
• Pin, Software and Architecturally 
Other Microprocessor 
Families 


Compatible with all UPI-41 and UPI-42 
• Interchangeable 
ROM and OTP EPROM 
Products 
Versions 
• 8-Bit CPU plus ROM/OTPTM EPROM, 
• Expandable I/O 
RAM, 110, Timer/Counter 
and Clock in 
• Sync Mode Available 
a Single Package 


2048 x 8 ROM/OTP, 256 x 8 RAM on 
• Over 90 Instructions: 
70% Single Byte 
• UPI-42, 1024 x 8 ROM/OTP, 128 x 8 
• Available in EXPRESS 
RAM on UPI-41, 8-Bit Timer/Counter, 
18 
- 
Standard Temperature 
Range 
Programmable 
110 Pins 
• inteligent Programming™ 
Algorithm 
• One 8-Bit Status and Two Data 
- 
Fast OTP Programming 
Registers for Asynchronous 
Siave-to- 
• Available in 40-Lead Plastic and 44- 
Master Interface 
Lead Plastic Leaded Chip Carrier 
• DMA, Interrupt, or Polled Operation 
Packages 
Supported 
(See Packaging 
Spec., Order 
#231369) 


The Intel UPI-41 AH and UPI-42AH 
are general-purpose 
Universal 
Peripheral 
Interfaces 
that allow the designer 
to develop 
customized 
solutions 
for peripheral 
device control. 


They are essentially 
"slave" 
microcontrollers, 
or microcontrollers 
with a slave interface 
included 
on the chip. 
Interface 
registers 
are included 
to enable 
the UPI device 
to function 
as a slave peripheral 
controller 
in the 
MCSTM Modules 
and iAPX family, as well as other 8-, 16-, and 32-bit systems. 


To allow full user flexibility, 
the program 
memory 
is available 
in ROM and One-Time 
Programmable 
EPROM 
(OTP). 
All UPI-41 AH and UPI-42AH 
devices 
are fully pin compatible 
for easy transition 
from 
prototype 
to 
production 
level designs. 
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Figure 
1. DIP Pin Configuration 


210393-3 
Figure 
2. PLCC Pin Configuration 
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UPI 
ROM 
OTPTM 
RAM 
Programming 
Device 
EPROM 
Voltage 


8042AH 
2K 
- 
256 
- 


8242AH 
2K 
- 
256 
- 


8742AH 
- 
2K 
256 
12.5V 


8041AH 
1K 
- 
128 
- 


8741AH 
- 
1K 
128 
12.5V 


The 8242AH 
is an 8042AH 
programmed 
with Phoe- 
nix Technologies 
Ltd. keyboard 
controller 
firmware' 
for AT -compatible 
systems. 
The 
8242AH 
supports 
all standard 
UPI-42AH 
features 
as well as the com- 
plete UPI-42AH 
command 
set. 


The 
8242AH 
keyboard 
controller 
firmware 
for AT- 
compatibles 
is fully compatible 
with all AT-compati- 
ble operating 
systems 
and applications. 


'Contact factory for current code revision available in the 8242AH. 


6-123 
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DIP 
PLCC 


Symbol 
Pin 
Pin 
Type 
Name and Function 


No. 
No. 


TEST 0, 
1 
2 
I 
TEST INPUTS: 
Input pins which can be directly 
tested 
using conditional 
branch 


TEST 1 
39 
43 
instructions. 


FREQUENCY 
REFERENCE: 
TEST 1 (Tl) also functions 
as the event timer input (under 
software 
control). 
TEST 0 (To) is used during PROM programming 
and ROM/EPROM 


verification. 
It is also used during Sync Mode to reset the instruction 
state to S1 and 
synchronize 
the internal 
clock to PH1. See the Sync Mode Section. 


XTAL 1, 
2 
3 
I 
INPUTS: 
Inputs for a crystal, 
LC or an external 
timing signal to determine 
the internal 


XTAL2 
3 
4 
oscillator 
frequency. 


RESET 
4 
5 
I 
RESET: 
Input used to reset status flip-flops 
and to set the program 
counter 
to zero. 


RESET is also used during EPROM 
programming 
and verification. 


55 
5 
6 
I 
SINGLE 
STEP: Single step input used in conjunction 
with the SYNC output to step the 
program 
through 
each instruction 
(EPROM). 
This should 
be tied to + 5V when not used. 


This pin is also used to put the device 
in Sync Mode by applying 
12.5V to it. 


CS 
6 
7 
I 
CHIP SELECT: 
Chip select 
input used to select one UPI microcomputer 
out of several 


connected 
to a common 
data bus. 


EA 
7 
8 
I 
EXTERNAL 
ACCESS: 
External 
access 
input which allows emulation, 
testing 
and 
ROM/EPROM 
verification. 
This pin should be tied low if unused. 


RD 
8 
9 
I 
READ: 
I/O read input which enables 
the master CPU to read data and status words from 
the OUTPUT 
OAT A BUS BUFFER 
or status register. 


Ao 
9 
10 
I 
COMMAND/DATA 
SELECT: 
Address 
Input used by the master processor 
to indicate 
whether 
byte transfer 
is data (Ao = 0, F1 is reset) or command 
(Ao = 1, F1 is set). Ao = 0 
during program 
and verify operations. 


WR 
10 
11 
I 
WRITE: 
I/O write input which enables 
the master CPU to write data and command 
words 
to the UPIINPUT 
DATA BUS BUFFER. 


SYNC 
11 
13 
0 
OUTPUT 
CLOCK: 
Output signal which occurs 
once per UPI instruction 
cycle. SYNC can 
be used as a strobe for external 
circuitry; 
it is also used to synchronize 
single step 
operation. 


00-07 
12-19 
14-21 
I/O 
DATA 
BUS: Three-state, 
bidirectional 
DATA BUS BUFFER 
lines used to interface 
the UPI 


(BUS) 
microcomputer 
to an 8-bit master system 
data bus. 


Pl0-P17 
27-34 
30-33 
I/O 
PORT 1: 8-bit, PORT 1 quasi-bidirectional 
I/O lines. Pl0-P17 
access 
the signature 
row 


35-38 
and security 
bit. 


P20-P27 
21-24 
24-27 
I/O 
PORT 2: 8-bit, PORT 2 quasi-bidirectional 
I/O lines. The lower 4 bits (P20-P23) 
interface 


35-38 
39-42 
directly to the 8243 I/O expander 
device and contain 
address 
and data information 
during 
PORT 4-7 
access. 
The upper 4 bits (P24-P27) 
can be programmed 
to provide 
interrupt 
Request 
and DMA Handshake 
capability. 
Software 
control 
can configure 
P24 as Output 
Buffer Full (OBF) interrupt, 
P25 as Input Buffer Full (IBF) interrupt, 
P26 as DMA Request 
(ORO), and P27 as DMA ACKnowledge 
(DACK). 


PROG 
25 
28 
I/O 
PROGRAM: 
Multifunction 
pin used as the program 
pulse input during PROM programming. 


During I/O expander 
access 
the PROG pin acts as an address/data 
strobe to the 8243. 


This pin should 
be tied high if unused. 


Vcc 
40 
44 
POWER: + 5V main power supply pin. 


Voo 
26 
29 
POWER: + 5V during normal operation. 
+ 12.5V during programming 
operation. 
Low 
power standby 
supply pin. 


Vss 
20 
22 
GROUND: 
Circuit ground 
potential. 


UPI·41AH 
and UPI-42AH 
FEATURES 
1. Two Data Bus Buffers, one for input and one for 
output. This allows a much cleaner Master/Slave 
protocol. 


INPUT 
DATA 
BUS 
BUFfER 
181 


OUTPUT 
DATA 
BUS 
BUFFER 
(8) 


2. 8 Bits of Status 


ST7 ST6 ST5 


07 
06 
05 
04 
03 
02 
01 
Do 
ST4-ST 7 are user definable status bits. These 
bits are defined by the "MOV STS, A" single byte, 
single cycle instruction. Bits 4-7 of the acccumu- 
lator are moved to bits 4-7 of the status register. 
Bits 0-3 of the status register are not affected. 
MOVSTS,A 
Op Code: 90H 


07 
Do 
3. RO and WR are edge triggered. IBF, OBF, F1 and 
INT change internally after the trailing edge of RO 
or WR. 


During the time that the host CPU is reading the 
status register, the UPI is prevented from updat- 
ing this register or is 'locked out.' 


4. P24 and P25 are port pins or. Buffer Flag pins 
which can be used to interrupt a master proces- 
sor. These pins default to port pins on Reset. 
If the "EN FLAGS" instruction has been execut- 
ed, P24becomes the OBF (Output Buffer Full) pin. 
A "1" written to P24enables the OBF pin (the pin 
outputs the OBF Status Bit). A "0" written to P24 
disables the OBF pin (the pin remains low). This 
pin can be used to indicate that valid data is avail- 
able from the UPI (in Output Data Bus Buffer). 
If "EN FLAGS" has been executed, P25becomes 
the IBF (Input Buffer Full) pin. A "1" written to P25 
enables the IBF pin (the pin outputs the inverse of 
the IBF Status Bit. A "0" written to P25 disables 
the IBF pin (the pin remains low). This pin can be 
used to indicate that the UPI is ready for data. 


• 


inter 


5. P26and P27are port pins or OMA handshake pins 
for use with a OMA controller. These pins default 
to port pins on Reset. 
If the "EN OMA" instruction has been executed, 
P26becomes the ORO (OMA Request) pin. A "1" 
written to P26causes a OMA request (OROis acti- 
vated). 
ORO 
is 
deactivated 
by 
OACK-RO, 
OACK-WR, or execution of the "EN OMA" in- 
struction. 
If "EN OMA" has been executed, P27 becomes 
the OACK (OMA ACKnowledge) pin. This pin acts 
as a chip select input for the Data Bus Buffer reg- 
isters during OMA transfers. 


UPI-41AH 
oRa 
P26 
or 
UPI~42AH 


07 
Do 
6. When EA is enabled on the UPI, the program 
counter is placed on Port 1 and the lower three 
bits of Port 2 (MSB = P22, LSB = P10).On the 
UPI this information is multiplexed with PORT 
DATA (see port timing diagrams at end of this 
data sheet). 


7. The 8741AH and 8742AH support the inteligent 
Programming Algorithm. (See the Programming 
Section.) 
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Figure 
8. UPI-41AH/42AH 
80-Column 
Matrix 
Printer 
Interface 


PROGRAMMING 
AND VERIFYING 
THE 
8741AH 
AND 8742AH 
OTPTM EPROM 


In brief, the programming 
process 
consists 
of: acti- 
vating 
the 
program 
mode, 
applying 
an 
address, 
latching 
the address, 
applying 
data, and applying 
a 
programming 
pulse. Each word is programmed 
com- 
pletely 
before 
moving on to the next and is followed 
by a verification 
step. The following 
is a list of the 
pins used for programming 
and a description 
of their 
functions: 


Pin 
Function 


XTAL1 
2 Clock Inputs 


- 


Reset 
Initialization 
and Address 
Latching 


Test 0 
Selection 
of Program or Verify Mode 


EA 
Activation 
of ProgramlVerify 
Signature 
Row/Security 
Bit Modes 


BUS 
Address 
and Data Input 
Data Output During Verify 


P20-22 
Address 
Input 


VDD 
Programming 
Power Supply 


PROG 
Program Pulse Input 


WARNING 
An attempt 
to program 
a missocketed 
8741AH 
or 8742AH 
will result in 
severe 
damage 
to the part. An indication 
of a properly 
socketed 
part is 
the appearance 
of the SYNC 
clock 
output. 
The lack of this clock 
may 
be used to disable 
the programmer. 


The ProgramlVerify 
sequence 
is: 


1. CS = 5V, Vcc = 5V, VDD = 5V, RESET = OV, 
Ao = OV, TEST 0 = 5V, clock applied 
or internal 
oscillator 
operating, 
BUS floating, 
PROG = 5V. 


2. Insert 8741AH 
or 8742AH 
in programming 
socket 


3. TEST 0 = OV (select 
program 
mode) 


4. EA = 12.5V (active program 
mode) 


5. Vcc 
= 6V (programming 
supply) 


6. VDD = 12.5V (programming 
power) 


7. Address 
applied 
to BUS and P20-22 


8. RESET = 5V (latch address) 


9. Data applied 
to BUS 


10. PROG = 5V followed 
by one 1 ms pulse to OV 


11.TEST 
0 = 5V (verify mode) 


12. Read and verify data on BUS 


13. TEST 0 = OV 


14. Apply overprogram 
pulse 


15. RESET 
= OV and repeat from step 6 


16. Programmer 
should 
be at conditions 
of step 
1 
when 8741 AH or 8742AH is removed from socket 


Please follow 
the inteligent 
Programming 
flow chart 
for proper 
programming 
procedure. 


The 
inteligent 
Programming 
Algorithm 
rapidly 
pro- 
grams Intel 8741AH/8742AH 
EPROMs 
using an effi- 
cient 
and reliable 
method 
particularly 
suited 
to the 
production 
programming 
environment. 
Typical 
pro- 
gramming 
time for individual 
devices 
is on the order 
of 
10 seconds. 
Programming 
reliability 
is also 
en- 
sured 
as the incremental 
program 
margin 
of each 
byte is continually 
monitored 
to determine 
when 
it 
has been successfully 
programmed. 
A flowchart 
of 
the 8741 AH/8742AH 
inteligent 
Programming 
Algo- 
rithm is shown 
in Figure 9. 


The 
in1eligent 
Programming 
Algorithm 
utilizes 
two 
different 
pulse 
types: 
initial 
and 
overprogram. 
The 
duration 
of the initial PROG pulse(s) 
is one millisec- 
ond, which will then be followed 
by a longer overpro- 
gram pulse of length 3X msec. X is an iteration 
coun- 
ter and is equal to the number of the initial one milli- 
second 
pulses 
applied 
to 
a 
particular 
8741AH/ 
8742AH 
location, 
before 
a correct 
verify occurs. 
Up 
to 25 one-millisecond 
pulses 
per byte are provided 
for before the overprogram 
pulse is applied. 


inter 


The entire sequence of program pulses and byte 
verifications is performed at Vcc = 6.0V and Voo = 
12.5V. When the inteligent Programming cycle has 
been completed, all bytes should be compared to 
the original data with Vcc = 5.0, Voo = 5V. 


Verify 


A verify should be performed on the programmed 
bits to determine that they have been correctly pro- 
grammed. The verify is performed with TO = 5V, 
Voo = 5V, EA = 12.5V, SS = 5V, PROG = 5V, 
AO = OV,and CS = 5V. 


SECURITY 
BIT 


The security bit is a single EPROM cell outside the 
EPROM array. The user can program this bit with the 
appropriate access code and the normal program- 
ming procedure, to inhibit any external access to the 
EPROM contents. Thus the user's resident program 
is protected. There is no direct external access to 
this bit. However, the security byte in the signature 
row has the same address and can be used to 
check indirectly whether the security bit has been 
programmed or not. The security bit has no effect on 
the signature mode, so the security byte can always 
be examined. 


SECURITY 
BIT PROGRAMMING! 
VERIFICATION 


Programming 


a. Read the security byte of the signature mode. 
Make sure it is OOH. 


b. Apply access code to appropriate inputs to put 
the device into security mode. 
c. Apply high'voltage to EA and Voo pins. 
d. Follow the programming procedure as per the 
inteligent Programming Algorithm with 
known 
data on the databus. Not only the security bit, but 
also the security byte of the signature row is pro- 
grammed. 
e. Verify that the security byte of the signature 
mode contains the same data as appeared on 
the data bus. (If DBO-DB7 = high, the security 
byte will contain FFH.) 
f. 
Read two consecutive known bytes from the 
EPROM array and verify that the wrong data are 
retrieved in at 
least one verification. 
If the 
EPROM can still be read, the security bit may 
have not been fully programmed though the se- 
curity byte in the signature mode has. 


Since the security bit address overlaps the address 
of the security byte of the signature mode, it can be 
used to check indirectly whether the security bit has 
been programmed or not. Therefore, the security bit 
verification is a mere read operation of the security 
byte of the signature row (OFFH = security bit pro- 
grammed; OOH= security bit unprogrammed). Note 
that during the security bit programming, the reading 
of the security byte does not necessarily indicate 
that the security bit has been successfully pro- 
grammed. Thus, it is recommended that two consec- 
utive known bytes in the EPROM array be read and 
the wrong data should be read at least once, be- 6 
cause it is highly improbable that random data coin- 
cides with the correct ones twice. 


intJ 


The UPI-41AH/42AH has an additional 32 bytes of 
EPROM available for Intel and user signatures and 
miscellaneous purposes. The 32 bytes are parti- 
tioned as follows: 
A. Test code/checksum- 
This can accommodate 
up to 25 bytes of code for testing the internal 
nodes that are not testable by executing from the 
external memory. The test code/checksum 
is 
present on ROMs, and OTPs. 


B. Intel signature-This 
allows the programmer to 
read from the UPI-41AH/ 42AH the manufacturer 
of the device and the exact product name. It fa- 
cilitates automatic device identification and will 
be present in the ROM and OTP versions. loca- 
tion 10H contains the manufacturer code. For In- 
tel, it is 89H. location 
11H contains the device 
code. 


The code is 43H and 42H for the 8042AH and 
OTP 8742AH, and 41H and 40H for the 8041AH 
and OTP 8741AH, respectively. The code is 44H 
for any device with the security bit set by Intel. 


C. User signature-The 
user signature memory is 
implemented in the EPROM and consists of 2 
bytes for the customer to program his own signa- 
ture code (for identification purposes and quick 
sorting of previously programmed materials). 


D. Test signature-This 
memory is used to store 
testing information such as: test data, bin num- 
ber, etc. (for use in quality and manufacturing 
control). 
E. Security 
byte-This 
byte is used to check 


whether the security bit has been programmed 
(see the security bit section). 


The signature mode can be accessed by setting P10 = 0, P11-P17 = 1, and then following the programming 
and/ or verification procedures. The location of the various address partitions are as follows: 


Address 
Device 
No. of 
Type 
Bytes 


Test Code/Checksum 
0 
OFH 
ROM/OTP 
25 
16H 
1EH 


Intel Signature 
10H 
11H 
ROM/OTP 
2 


User Signature 
12H 
\ 
13H 
OTP 
2 


Test Signature 
14H 
15H 
ROM/OTP 
2 


Security Byte 
1FH 
OTP 
1 


The Sync Mode is provided to ease the design of 
multiple controller circuits by allowing the designer 
to force the device into known phase and state time. 
The Sync Mode may also be utilized by automatic 
test equipment '(ATE) for quick, easy, and efficient 
synchronizing between the tester and the DUT (de- 
vice under test). 


Sync Mode is enabled when SS pin is raised to high 
voltage level of + 12 volts. To begin synchroniza- 
tion, TOis raised to 5 volts at least four clock cycles 
after SS. TO must be high for at least four X1 clock 
cycles to fully reset the prescaler and time state 
g~nerators. TO may then be brought down during 
low state of X1. Two clock cycles later, with the ris- 
ing edge of X1, the device enters into Time State 1, 
Phase 1. SS is then brought down to 5 volts 4 clocks 
later after TO.RESET is allowed to go high 5 tey (75 
clocks) later for normal execution of code. 


TIME 
STATE 


SS 1~~-.J 
ov 


Minimum 
Specifications 


SYNC Operation 
Time, tSYNC = 3.5 XTAL 
1 Clock cycles. 
Reset Time, tRS = 4 Icy. 


NOTE: 
The rising and falling 
edges 
of TO should 
occur 
during 
low state of XTAL 1 clock, 
• 


The following 
table summarizes the access codes required to Invoke the Sync Mode, Signature Mode, 


and the Security 
Bit, respectively. 
Also, the programming 
and verification 
modes are Included for 
comparison. 


Access Code 
Control Signals 
Data Bus 
Modes 
Port 2 
Port 1 


TO 
RST 55 EA PROG Voo 
Vcc 
0 
1 
2 
3 
4 
5 
6 
7 
012 
0 
1 
234567 


Programming 
0 
0 
1 
HV 
1 
VOOHVcc 
Address 
Addr 
So al 
XXXXXX 


Mode 
0 
1 
1 
HV 
STB 
VOOHVcc 
Data In 
Addr 


Verification 
0 
0 
1 
HV 
1 
Vcc 
Vcc 
Address 
Addr 
So al 
X 
X 
X 
XXX 
Mode 
1 
1 
1 
HV 
1 
Vcc 
Vcc 
Data Out 
Addr 


Sync Mode 
STB 
0 
HV 
0 
X 
Vcc 
Vcc 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
XXXXXX 


High 


Signature Prog 
0 
0 
1 
HV 
1 
VOOHVcc 
Addr. (see Sig Mode Table) 
0 0 0 
0 
1 
1 
1 
1 
X 
X 
1 


Mode 
0 
1 
1 
HV 
STB 
VOOHVcc 
Data In 
0 0 0 


Verify 
0 
0 
1 
HV 
1 
Vcc 
Vcc 
Addr. (see Sig Mode Table) 
0 0 0 


1 
1 
1 
HV 
1 
Vcc 
Vcc 
Data Out 
0 0 0 


Security 
Prog 
0 
0 
1 
HV 
1 
VOOHVcc 
Address 
0 0 0 
Bit/Byte 
0 
1 
1 
HV 
STB 
VOOHVcc 
Data In 
0 0 0 


Verify 
0 
0 
1 
HV 
1 
Vcc 
Vcc 
Address 
0 0 0 


1 
1 
1 
HV 
1 
Vcc 
Vcc 
Data Out 
0 0 0 


NOTES: 
1. So = 0 or 1; al = 0 or 1. So must = al. 


NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 
These are stress ratings only. Operation 
beyond 
the 
"Operating 
Conditions" 
is not recommended 
and ex- 
tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


Ambient 
Temperature 
Under Bias .... 
O°C to + 70°C 


Storage Temperature 
- 65°C to + 150°C 


Voltage 
on Any Pin with 
Respect 
to Ground 
-0.5V 
to + 7V 


Power Dissipation 
1.5 W 


Symbol 
Parameter 
UPI-41AH/42AH 
Units 
Notes 
Mln 
Max 


VIL 
Input Low Voltage 
(Except XTAL1, XTAL2, RESET) 
-0.5 
0.8 
V 


VIL1 
Input Low Voltage 
(XTAL 1, XT AL2, RESED 
-0.5 
0.6 
V 


VIH 
Input High Voltage 
(Except XTAL 1, XTAL2, RESED 
2.0 
VCC 
V 


VIH1 
Input High Voltage 
(XTAL 1, RESED 
3.5 
Vcc 
V 


VIH2 
Input High Voltage 
(XTAL2) 
2.2 
Vcc 
V 


VOL 
Output Low Voltage (00-07) 
0.45 
V 
IOL = 2.0mA 
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Symbol 
Parameter 
UPI·41AH/42AH 
Units 
Notes 
Min 
Max 


VOl1 
Output Low Voltage 
(PlOP17, P20P27, Sync) 
0.45 
V 
IOL = 1.6 mA 


VOL2 
Output Low Voltage 
(PROG) 
0.45 
V 
IOL = 1.0 mA 


VOH 
Output High Voltage 
(00-07) 
2.4 
V 
IOH = - 400 /LA 


VOHl 
Output High Voltage 
(All Other Outputs) 
2.4 
IOH = -50/LA 


IlL 
Input Leakage Current (To, T1, RO, WR, CS, Ao, EA) 
±10 
/LA 
Vss 
s VIN s Vee 


IOFL 
Output Leakage Current (00-07, 
High Z State) 
±10 
/LA 
Vss 
+0.45 


s VOUT s Vee 


Iu 
Low Input Load Current (PlOP17, P20P27) 
0.3 
mA 
VIL = 0.8V 


IUl 
Low Input Load Current (RESET, SS) 
0.2 
mA 
VIL = 0.8V 


100 
Voo Supply Current 
20 
mA 
Typical 
= 8 mA 


Ice + 100 
Total Supply Current 
135 
mA 
Typical 
= 80 mA 


100 Standby 
Power Oown Supply Current 
20 
mA 
Typical 
= 8 mA 


IIH 
Input Leakage Current (PlO-P17, 
P20-P27) 
100 
/LA 
VIN = Vee 


CIN 
Input Capacitance 
10 
pF 
TA = 25°C (1) 


CIO 
I/O Capacitance 
20 
pF 
TA = 25°C (1) 


NOTE: 
1. Sampled, not 100% tested. 


D.C. CHARACTERISTICS-PROGRAMMING 
TA = 25°C ± 5°C, Vee = 6V ± 0.25V, Voo = 12.5V ± 0.5V 


Symbol 
Parameter 
Mln 
Max 
Units 


VOOH 
Voo Program Voltage 
High Level 
12 
13 
V(l) 


VOOL 
VOO Voltage 
Low Level 
4.75 
5.25 
V 


VPH 
PROG Program Voltage 
High Level 
2.0 
5.5 
V 


VPL 
PROG Voltage 
Low Level 
-0.5 
0.8 
V 


VEAH 
Input High Voltage for EA 
12.0 
13.0 
V(2) 


VEAL 
EA Voltage 
Low Level 
-0.5 
5.25 
V 


100 
Voo High Voltage Supply Current 
50.0 
mA 


lEA 
EA High Voltage Supply Current 
1.0 
mA 


NOTES: 
1. Voltages over 13V applied to pin Voo will permanently damage the device. 
2. VEAHmust be applied to EA before VOOHand removed after VOOL. 
3. Vcc must be applied simultaneously or before Voo and must be removed simultaneously or after Voo- 
• 


inter 


Symbol 
Parameter 
Min 
Max 
Units 


tAR 
CS, Ao Setup to AD t 
0 
ns 


tRA 
CS, Ao Hold After AD t 
0 
ns 


tRR 
AD Pulse Width 
160 
ns 


tAO 
CS, Ao to Data Out Delay 
130 
ns 


tRo 
AD t to Data Out Delay 
0 
130 
ns 


tOF 
AD t to Data Float Delay 
85 
ns 


Symbol 
Parameter 
Min 
Max 
Units 


tAW 
CS, Ao Setup to WA t 
0 
ns 


tWA 
CS, Ao Hold After WA t 
0 
ns 


tww 
WA Pulse Width 
160 
ns 


tow 
Data Setup to WA t 
130 
ns 


two 
Data Hold After WA t 
0 
ns 


Symbol 
Parameter 
Min 
Max 
Units 


tev (UPI-41AH/42AH) 
Cycle Time 
1.2 
9.20 
J-Ls(1) 


tevc 
(UPI-41AH/42AH) 
Clock Period 
80 
613 
ns 


tpWH 
Clock High Time 
30 
ns 


tpWL 
Clock Low Time 
30 
ns 


tR 
Clock Aise Time 
10 
ns 


tF 
Clock Fall Time 
10 
ns 


NOTE: 
1. ICY = 15/f(XTAL) 


Symbol 
Parameter 
Min 
Max 
Units 


tACC 
DACK to WA or AD 
0 
ns 


tCAC 
AD or WA to DACK 
0 
ns 


tACO 
DACK to Data Valid 
0 
130 
ns 


teRQ 
AD or WA to DAO Cleared 
110 
ns(1) 


NOTE: 
1. CL = 150 pF. 


A.C. CHARACTERISTICS-PROGRAMMING 
TA = 25°C ± 5°C, VCC = 6V ± 0.25V, VOOL = + 5V ± 0.25V, VOOH = 12.5V ± 0.5V 
(8741AH/8742AH ONLY) 


Symbol 
Parameter 
Mln 
Max 
Units 


tAW 
Address 
Setup Time to RESET i 
4tey 


tWA 
Address 
Hold Time After RESET i 
4tCY 


tow 
Data in Setup Time to PROG J.. 
4tCY 


two 
Data in Hold Time After PROG i 
4tey 


tpw 
Initial Program Pulse Width 
0.95 
1.05 
ms(1) 


tlW 
Test 0 Setup Time for Program Mode 
4tCY 


tWT 
Test 0 Hold Time After Program Mode 
4tCY 


too 
Test 0 to Data Out Delay 
4tey 


tww 
RESET Pulse Width to Latch Address 
4tCY 


tr, tf 
PROG Rise and Fall Times 
0.5 
100 
/los 


tey 
CPU Operation 
Cycle Time 
2.5 
3.75 
/los 


tRE 
RESET Setup Time Before EA i 
4tey 


topw 
Overprogram 
Pulse Width 
2.85 
78.75 
ms(2) 


tOE 
EA High to Voo High 
HCY 


NOTES: 
1. Typical Initial Program Pulse width tolerance = 1 ms ±5%. 
2. This variation is a function of the iteration counter value, X. 
3. If TEST 0 is high, too can be triggered by RESETt . 


Symbol 
Parameter 
f{tCy)(3) 
Min 
Max 
Units 


tep 
Port Control Setup Before Fallin.g Edge of PROG 
1/15 tCy-28 
55 
ns(1) 


tpc 
Port Control Hold After Falling Edge of PROG 
1/10 tCY 
125 
ns(2) 


tpR 
PROG to Time P2 Input Must Be Valid 
8/15tCy-16 
650 
ns(1) 


tpF 
Input Data Hold Time 
0 
150 
ns(2) 


top 
Output Data Setup Time 
2/10 
tey 
250 
ns(1) 


tpo 
Output Data Hold Time 
1/10 tey-80 
45 
ns(2) 


tpp 
PROG Pulse Width 
6/10tCY 
750 
ns 


NOTES: 
1.CL=80pF. 
2. CL = 20 pF. 
3. tCY = 1.25 !Jos. 
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·~UTPUT 


::5 ==X_:_:_>__T_E_ST_PO_'N_T_s_< 
__ 
2_0:X= 


210393-17 


Rise and Fall Times Should Not Exceed 10 ns. Resis- 
tors to Vcc are Needed to Ensure VIH = 3.5V if TTL 
Circuitry is Used. 


L 
C 
NOMINAL 
45 H 20pF 
5.2MHz 
120H 20pF 
3.2 MHz n:I}"" 
tL1XTAl2 


f~_1_ 
2.".J[C' 


C·=C+3Cpp 
2 


Cpp'" 
5-10 pF 
Pin-to-Pin 
Capacitance 


e1 


~ 


e2 
__ L 
.... 
--r ~.. 
, 
= 
, 


e3 
210393-19 


C1 
5 pF (STRAY5 pFj 


C2 
(CRYSTAL+ STRAY)8 pF 


C3 
20-30 pF INCLUDINGSTRAY 


Crystal Series Resistance Should 
be Less Than 30n at 12.5 MHz. 


inter 


fSORAo 
~ 
-I~-,.w_~-,-ww --=-__ 


IWRITE 
CONTROLI 
~--------- 


_ 
•• o~ 
~O, 


'all 


OAT'" 8US___________ 
"'"--':_-':::-OA-'-A-V-A-1I-0 
_ 


rOUTPUTI 
~ 


)( --OATAVAlIO--K 
DATA 
MAY 
CHANGE 


V••(5V):> 
_ 


V.JOV) 


VEAIl(12.5V) 


EA 
V••(5V) 


V•.(OV) 


V••(5V) 


V'L(OV) 


V••(5V) 
P20-P22 
VIl(OV) 


VOQH(12.5V) 


Voo 
VQOL(5V) 


NOTES: 
1. Ao must be held low 10V) during 
program/verify 
modes. 
2. For VIH. VIH1. VIL. VIL1. VOOH. and VOOL. please 
consult 
the D.C. Characteristics 
Table. 


3. When 
programming 
the 8741AH/8742AH. 
a 0.1 ,...Fcapacitor 
is required 
across 
VOO and ground 
to suppress 
spurious 


voltage 
transients 
which 
can damage 
the device. 
~ii 


~:~ 
I, 


VIH 


VIL 
~ 
TIW-j 
VIHl 


Vll1 


VIH==X 
~ 
~~~~~ 


VIL 
---------------'. 


NOTES: 
1. PROG 
must float if EA is low. 
2. PROG 
must float or = 5V when 
EA is high. 
3. P10-P17 = 5V or must float. 
4. P24-P27 = 5V or must float. 
5. Ao must be held low during 
programming/verify 
modes. 


inter 


EXPANDER 
PORT 


EXPANDER 
PORT 


SYNC 
/ 
\ 


P1D-17 
PORT 
X 
PC 
P2D-22 
DATA 
/ 
\ 


X 
PORT 
X 
PC 
DATA 


210393-27 
On the Rising Edge of SYNC and EA is Enabled. Port Data is Valid and can be Strobed. On the Trailing Edge of Sync 
the Program Counter Contents are Available. 


• 


ir,tft!lf.. ..... 
Lla~"III""UII 
DJU~ti (,ycr"lf 


ACCUMULATOR 
ADD A, Rr 
Add register to A 
1 
ADD A, @Rr 
Add data memory 
1- 


toA 
ADD A, #data 
Add immediate 
to A 
2 
2 
ADDCA, 
Rr 
Add register 
to A 
1 
1 
with carry 
ADDCA,@Rr 
Add data memory 
to A with carry 
ADDC A, # data 
Add immediate 
2 
2 
to A with carry 
ANLA, 
Rr 
AND register 
to A 
ANL, A@Rr 
AND data memory 
toA 
ANLA, 
#data 
AND immediate 
to A 
2 
2 
ORLA,Rr 
OR register 
to A 
1 
1 
ORL,A, 
@Rr 
OR data memory 
1 
1 
toA 
ORLA, 
#data 
OR immediate 
to A 
2 
2 
XRLA, 
Rr 
Exclusive 
OR regis- 
1 
1 
terto 
A 
XRLA,@Rr 
Exclusive 
OR data 
memory to A 
XRLA, 
#data 
Exclusive 
OR imme- 
2 
2 
diate to A 
INCA 
IncrementA 
DECA 
Decrement 
A 
CLRA 
Clear A 
CPLA 
Complement 
A 
DAA 
Decimal 
Adjust A 
SWAP A 
Swap nibbles of A 
RLA 
Rotate A left 
RLCA 
Rotate A left through 
carry 
RRA 
Rotate A right 
RRCA 
Rotate A right 
through 
carry 


INPUT/OUTPUT 
INA, 
Pp 
Input port to A 
1 
2 
OUTLPp, 
A 
Output A to port 
1 
2 
ANL Pp, #data 
AND immediate 
to 
2 
2 
port 
ORL Pp, #data 
OR immediate 
to 
2 
2 
port 
INA,DBB 
Input DBB to A, 
clearlBF 
OUTDBB,A 
Output A to DBB, 
setOBF 
MOVSTS,A 
A.,-A7 
to Bits 4-7 
of 


Status 
MOVDA, 
Pp 
Input Expander 
2 
port to A 
MOVDPp,A 
OutputAto 
2 
Expander 
port 
ANLDPp,A 
AND A to Expander 
2 
port 
ORLDPp,A 
OR A to Expander 
2 
port 


-lvMelnomc 
uescnptlon 
8ytes 
CyCles 


DATA 
MOVES 
MOVA, 
Rr 
Move register 
to A 
1 
1 
MOVA,@Rr 
Move data memory 
1 
1 
toA 
MOVA, 
#data 
Move immediate 
to A 
2 
2 
MOVRr,A 
Move A to register 
1 
1 
MOV@Rr,A 
Move A to data 
1 
1 
memory 
MOV Rr, #data 
Move immediate 
to 
2 
2 
register 
MOV@Rr, 
Move immediate 
to 
2 
2 
# data 
data memory 
MOVA,PSW 
MovePSWtoA 
1 
1 
MOVPSW,A 
MoveAtoPSW 
1 
1 
XCHA,Rr 
Exchange 
A and 
1 
1 
register 
XCHA,@Rr 
Exchange 
A and 
1 
1 
data memory 
XCHDA,@Rr 
Exchange 
digit of A 
1 
1 
and register 
MOVPA,@A 
Move to A from 
1 
2 
current 
page 
MOVP3,A,@A 
Move to A from 
1 
2 
page 3 


TIMER/COUNTER 
MOVA,T 
Read Timer/Counter 
1 
1 
MOVT,A 
Load Timer/Counter 
1 
1 
STRTT 
Start Timer 
1 
1 
STRTCNT 
Start Counter 
1 
1 
STOP TCNT 
Stop Timer/Counter 
1 
1 
EN TCNTI 
Enable Timer/ 
1 
1 
Counter 
Interrupt 
DISTCNTI 
Disable Timer I 
1 
1 
Counter 
Interrupt 


CONTROL 
ENDMA 
Enable DMA Hand- 
1 
1 
shake Lines 
ENI 
Enable 
IBF Interrupt 
1 
1 


DISI 
Diable IBF Inter- 
1 
1 
rupt 
EN FLAGS 
Enable Master 
1 
1 
Interrupts 
SELMBO 
Select 
memory 
1 
1 
bank 0 
SELMB1 
Select 
memory 
1 
1 
bank 1 
SELRBO 
Select 
register 
1 
1 
bank 0 
SEL RB1 
Select 
register 
1 
1 
bank 1 
NOP 
No Operation 
1 
1 


REGISTERS 
INCRr 
Increment 
register 
1 
1 
INC@Rr 
Increment 
data 
1 
1 
memory 
DECRr 
Decrement 
register 
1 
1 


Mnemonic 
Description 
Bytes 
Cycles 


SUBROUTINE 
CALLaddr 
Jump to subroutine 
2 
2 
RET 
Return 
1 
2 
RETR 
Return and restore 
1 
2 
status 


FLAGS 
CLRC 
Clear Carry 
1 
1 
CPLC 
Complement 
Carry 
1 
1 
CLR FO 
Clear Flag 0 
1 
1 
CPLFO 
Complement 
Flag 0 
1 
1 
CLR F1 
Clear F1 Flag 
1 
1 
CPLF1 
Complement 
F1 Flag 
1 
1 


BRANCH 
JMP addr 
Jump unconditional 
2 
2 
JMPP@A 
Jump indirect 
1 
2 
DJNZ Rr, addr 
Decrement 
register 
2 
2 
and jump 
JCaddr 
Jump on Carry = 
1 
2 
2 
JNC addr 
Jump on Carry = 0 
2 
2 
JZ addr 
Jump on A Zero 
2 
2 
JNZaddr 
Jump on A not Zero 
2 
2 
JTO addr 
Jump on TO = 
1 
2 
2 
JNTO addr 
Jump on TO = 0 
2 
2 
JT1 addr 
JumponT1 
= 
1 
2 
2 
JNT1 addr 
Jump on T1 = 0 
2 
2 
JFO addr 
Jump on FO Flag = 
1 
2 
2 
JF1 addr 
Jump on F1 Flag = 
1 
2 
2 
JTF addr 
Jump on Timer Flag 
2 
2 
= 
1, Clear Flag 
JNIBF addr 
Jump on IBF Flag 
2 
2 
=0 
JOBFaddr 
Jump on OBF Flag 
2 
2 
= 
1 
JBb addr 
Jump on Accumula- 
2 
2 
- 
for Bit 
• 


8741A 
UNIVERSAL PERIPHERAL INTERFACE 
8-BIT MICROCOMPUTER 


• 
8-Bit CPU plus ROM, RAM, I/O, Timer 
and Clock in a Single Package 


• 
One 8-Bit Status and Two Data 
Registers 
for Asynchronous 
Siave-to- 
Master 
Interface 


• 
DMA, Interrupt, 
or Polled Operation 
Supported 


• 
1024 x 8 EPROM, 64 x 8 RAM, 8-Bit 
Timer/Counter, 
18 Programmable 
I/O 
Pins 


• 
Fully Compatible 
with All 
Microprocessor 
Families 


• 
3.6 MHz 8741A-8 
Available 


• 
Expandable 
I/O 


• 
RAM Power-Down 
Capability 


• 
Over 90 Instructions: 
70% Single Byte 


• 
Available 
in EXPRESS 
- 
Standard 
Temperature 
Range 
- 
Extended 
Temperature 
Range 


The Intel 8741 A is a general 
purpose, 
programmable 
interface 
device 
designed 
for use with a variety of 8-bit 
microprocessor 
systems. 
It contains 
a low cost microcomputer 
with program 
memory, data memory, 8-bit CPU, 


I/O ports, timer/counter, 
and clock 
in a single 40-pin package. 
Interface 
registers 
are included 
to enable 
the 
UPI device 
to function 
as a peripheral 
controller 
in MCS@-48, MCS-80, 
MCS-85, 
MCS-86, 
and other 
8-bit 
systems. 


The device 
has two 8-bit, TTL compatible 
I/O ports and two test inputs. 
Individual 
port lines can function 
as 
either inputs or outputs 
under software 
control. 
I/O can be expanded 
with the 8243 device 
which 
is directly 
compatible 
and 
has 
16 I/O 
lines. An 8-bit 
programmable 
timer/counter 
is included 
in the 
UPI device 
for 
generating 
timing 
sequences 
or counting 
external 
inputs. Additional 
UPI features 
include: 
single 
5V supply, 


single-step 
mode for debug and dual working 
register 
banks. 


Because 
it's a complete 
microcomputer, 
the UPI provides 
more flexibility 
for the designer 
than conventional 
LSI interface 
devices. 
It is designed 
to be an efficient 
controller 
as well as an arithmetic 
processor. 
Applica- 
tions include 
keyboard 
scanning, 
printer control, 
display multiplexing 
and similar functions 
which involve 
inter- 
facing 
peripheral 
devices 
to microprocessor 
systems. 


'cc 
TlST 1 


'271m-lit 


37 
'2tlDlIlQ 


)I 
'WID 


inter 


Signal 
Description 


Do-D7 
Three-state, 
bidirectional 
DATA BUS BUFFER 


(BUS) 
lines used to interface 
the UPI-41A to an 8-bit 
master system data bus. 


P10-P17 
8·bit, PORT 1 quasi·bidirectionall/O 
lines. 


P20-P27 
8-bit, PORT 2 quasi-bidirectional 
I/O lines. The 
lower 4 bits (P20-P23) 
interface 
directly 
to the 
8243 I/O expander 
device and contain 
address 
and data information 
during PORT 4-7 
access. 
The upper 4 bits (P24-P27) 
can be programmed 
to provide 
interrupt 
Request 
and DMA 
Handshake 
capability. 
Software 
control 
can 


configure 
P24 as OBF (Output 
Buffer Full), P25 
as IBF (Input Buffer Full), P26 as DRO (DMA 
Request), 
and P27 as DACK (DMA 
ACKnowledge). 


WR 
I/O write input which enables 
the master CPU to 


write data and command 
words to the UPI-41 A 
INPUT DATA BUS BUFFER. 


RD 
I/O read input which enables 
the master CPU to 
read data and status words from the OUTPUT 
DATA BUS BUFFER 
or status register. 


CS 
Chip select input used to select one UPI·41 A out 
of several 
connected 
to a common 
data bus. 


Ao 
Address 
input used by the master processor 
to 
indicate 
whether 
byte transfer 
is data or 
command. 
During a write operation 
flag F1 is set 
to the status of the Ao input. 


TEST 0, 
Input pins which can be directly 
tested 
using 


TEST 1 
conditional 
branch 
instructions. 


(T 1) also functions 
as the event timer input 
(under software 
control). 
To is used during 
PROM programming 
and verification 
in the 
8741 A. 


Signal 
Description 


XTAL 1, 
Inputs for a crystal, 
LC or an external 
timing 


XTAL2 
signal to determine 
the internal 
oscillator 
frequency. 


SYNC 
Output signal which occurs 
once per UPI-41 A 
instruction 
cycle. SYNC can be used as a strobe 


for external 
circuitry; 
it is also used to 
synchronize 
single step operation. 


EA 
External 
access 
input which allows emulation, 


testing 
and PROM verification. 


PROG 
Multifunction 
pin used as the program 
pulse 
input during PROM programming. 


During I/O expander 
access 
the PROG pin acts 
as an address/data 
strobe to the 8243. 


RESET 
Input used to reset status flip-flops 
and to set 
the program 
counter 
to zero. 


RESET is also used during PROM programming 
and verification. 


RESET should be held low for a minimum 
of 8 
instruction 
cycles after power-up. 


SS 
Single step input used in the 8741 A in 
conjunction 
with the SYNC output to step the 
program 
through 
each instruction. 


Vcc 
+ 5V main power supply pin. 


Voo 
+ 5V during normal operation. 
+ 25V during 
programming 
operation. 
Low power standby 
supply pin in ROM version. 


Vss 
Circuit ground 
potential. 


info_r 
_ 


1. Two Data Bus Buffers, 
one for input and one for 
output. 
This allows a much cleaner 
Master/Slave 


protocol. 


INPUT 
DATA 
8US 


BUFFER 


(8) 
- 


OUTPUT 


DATA 
8US 
BUFFER 
(8) 


01 
Do 


ST 4-ST 7 are 
user 
definable 
status 
bits. 
These 


bits are defined 
by the "MOV STS, A" single byte, 
single cycle instruction. 
Bits 4-7 
of the accumula- 


tor are moved 
to bits 4-7 
of the status 
register. 


Bits 0-3 
of the status register 
are not affected. 


MOVSTS,A 
Op Code: 90H 


o 


07 
Do 


3. RD and WR are edge triggered. 
IBF, OBF, F1 and 


INT change 
internally 
after the trailing edge of RD 


or WR. 


4. P24 and 
P25 are 
port 
pins 
or Buffer 
Flag 
pins 


which 
can be used to interrupt 
a master 
proces- 
sor. These 
pins default 
to port pins on Reset. 


If the "EN 
FLAGS" 
instruction 
has been execut- 
ed, P24 becomes 
the OBF (Output Buffer Full) pin. 
A "1" 
written 
to P24 enables 
the OBF pin (the pin 


outputs 
the OBF Status 
Bit). A "0" 
written 
to P24 
disables 
the OBF pin (the pin remains 
low). This 


pin can be used to indicate that valid data is avail- 
able from the UPI41A (in Output Data Bus Buffer). 


the IBF pin (the pin outputs the inverse of the IBF Status 
Bit). A "0" written to P25 disables the IBF pin (the pin 
remains low). This pin can be used to indicate that the 
UPI is ready for data. 


5. P26 and P27 are port pins or DMA handshake 
pins 


for use with a DMA controller. 
These 
pins default 


to port pins on Reset. 


If the "EN 
DMA" 
instruction 
has been executed, 


P26 becomes 
the ORO (DMA Request) 
pin. A "1" 


written to P26 causes a DMA request 
(ORO is acti- 


vated). 
ORO 
is 
deactivated 
by 
DACKeRD, 


DACKeWR, 
or execution 
of the 
"EN 
DMA" 
in- 


struction. 


If "EN 
DMA" 
has been executed, 
P27 becomes 


the DACK (DMA Acknowledge) 
pin. This pin acts 


as a chip select input for the Data Bus Buffer reg- 
isters during DMA transfers. 


ORO 
P26 -~- 


UPI-41,l 
8257 


DACK 
P27 
DACK 
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PROGRAMMING, 
VERIFYING, 
AND 
ERASING 
THE 8741A 
EPROM 


Programming 
Verification 


In brief, the programming 
process 
consists 
of: acti- 
vating 
the 
program 
mode, 
applying 
an 
address, 
latching 
the address, 
applying 
data, and applying 
a 
programming 
pulse. Each word is programmed 
com- 
pletely 
before 
moving on to the next and is followed 
by a verification 
step. The following 
is a list of the 
pins used for programming 
and a description 
of their 
functions: 


Pin 
Function 


XTAL 1 
Clock Input (1 to 6 MHz) 
Reset 
Initialization 
and Address 
Latching 
Test 0 
Selection 
of Program or Verify Mode 
EA 
Activation 
of ProgramlVerify 
Modes 
BUS 
Address 
and Data Input 
Data Output during Verify 
P20-1 
Address 
Input 
VDD 
Programming 
Power Supply 
PROG 
Program Pulse Input 


WARNING: 
An attempt to program a missocketed 8741A will result in severe dam- 
age to the part. An indication of a properly socketed part is the ap- 
pearance of the SYNC clock output. The lack of this clock may be 
used to disable the programmer. 


The ProgramlVerify 
sequence 
is: 


1. Ao = OV, CS = 
5V, EA = 
5V, RESET = OV, 


o 
TESTO = 5V, VDD = 5V, clock applied or internal 
oscillator 
operating, 
BUS and PROG floating 


2. Insert 8741A 
in programming 
socket 


3. TEST 0 = OV (select 
program 
mode) 


4. EA = 23V (active program 
mode) 


5. Address 
applied 
to BUS and P20-1 


6. RESET 
= 5V (latch address) 


7. Data applied 
to BUS 


8. VDD = 25V (programming 
power) 


9. PROG = OV followed 
by one 50 ms pulse to 23V 


10. VDD = 5V 


11.TEST 
0 = 5V (verify mode) 


12. Read and verify data on BUS 


13. TEST 0 = OV 


14. RESET 
= OV and repeat from step 6 


15. Programmer 
should 
be at conditions 
of step 
1 
when 8741 A is removed 
from socket 


The erasure 
characteristics 
of the 8741 A are such 
that erasure 
begins to occur when exposed 
to light 
with 
wavelengths 
shorter 
than 
approximately 
4000 Angstroms 
(A). It should be noted that sunlight 
and certain 
types 
of fluorescent 
lamps 
have wave- 
lengths 
in the 
3000-4000A 
range. 
Data 
show 
that 
constant 
exposure 
to room level fluorescent 
lighting 
could 
erase 
the 
typical 
8741A 
in approximately 
3 
years while it would take approximately 
one week to 
cause 
erasure 
when 
exposed 
to direct 
sunlight. 
If 
the 8741A is to be exposed 
to these types of lighting 
conditions 
for extended 
periods 
of time, opaque 
la- 
bels are available 
from Intel which should be placed 
over the 8741 A window to prevent 
unintentional 
era- 
sure. 


The recommended 
erasure procedure 
for the 8741A 
is exposure 
to shortwave 
ultraviolet 
light which has a 
wavelength 
of 2537 A. The integrated 
dose (Le., UV 
intensity x exposure 
time) for erasure 
should 
be a 
minimum 
of 15 w-sec/cm2. 
The 
erasure 
time with 
this dosage 
is approximately 
15 to 20 minutes 
using 
an ultraviolet 
lamp with a 12,000 /LW/cm2 
power rat- 
ing. The 8741A 
should 
be placed 
within one inch of 
the lamp tubes during erasure. 
Some lamps have a 
filter on their tubes which should be removed 
before 
erasure. 


NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 
These are stress ratings only. Operation 
beyond 
the 
"Operating 
Conditions" 
is not recommended 
and ex- 
tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


Ambient 
Temperature 
under Bias 
.... 
O·C to + 70·C 


Storage Temperature 
- 65·C to + 150·C 


Voltage on Any Pin with 
Respect 
to Ground 
0.5V to + 7V 


Power Dissipation 
1.5W 


D.C. CHARACTERISTICS 
TA = O·Cto 
+70·C. 
VssOV, 
Vee = Voo = 
+5V 
±10% 


Symbol 
Parameter 
Min 
Max 
Unit 
Test Conditions 


Vil 
Input Low Voltage 
(except XTAL1, XTAL2, RESET) 
-0.5 
0.8 
V 


VIl1 
Input Low Voltage 
(XTAL 1. XTAL2, RESET) 
-0.5 
0.6 
V 


VIH 
Input High Voltage 
(except XTAL 1. XTAL2. RESET) 
2.2 
Vee 


VIH1 
Input High Voltage 
(XTAL 1, XTAL2, RESET) 
3.8 
Vee 
V 


VOL 
Output 
Low Voltage 
(00-07) 
0.45 
V 
IOl = 2.0mA 


VOl1 
Output Low Voltage 
(P1QP17. P20P27, Sync) 
0.45 
V 
IOl = 1.6 mA 


VOl2 
Output Low Voltage 
(PROG) 
0.45 
V 
IOL = 1.0 mA 


VOH 
Output High Voltage 
(00-07) 
2-.4 
V 
IOH == -400 
JJ-A 


VOH1 
Output High Voltage (All Other Outputs) 
2.4 
V 
IOH = -50 
JJ-A 


III 
Input Leakage Current (To, T 1, RD.WR, CS. Ao. EA) 
±10 
JJ-A 
Vss s: VIN s: Vee 


loz 
Output Leakage Current (00-07, 
High Z State) 
±10 
JJ-A 
Vss 
+0.45 


s: VIN s: Vee 


Iu 
Low Input Load Current (P1QP17, P20P27) 
0.5 
mA 
VIL = 0.8V 


IU1 
Low Input Load Curren~ (RESET, SS) 
0.2 
mA 
Vil = 0.8V 


100 
Voo Supply Current 
15 
mA 
Typical = 5 mA 


lee + 100 
Total Supply Current 
125 
mA 
Typical = 60 mA 


A.C. CHARACTERISTICS 
TA = O·Cto 
+70·C. 
Vss = OV, Vee = Voo = +5V 
±10% 


DBB READ 


Symbol 
Parameter 
Min 
Max 
Unit 
Test Conditions 


tAR 
CS, Ao Setup to RD J.- 
0 
ns 


tRA 
CS, Ao Hold after RD i 
0 
ns 


tRR 
RD Pulse Width 
250 
ns 


tAO 
CS, Ao to Data Out Delay 
225 
ns 
Cl = 150 pF 


tRO 
RD J.- to Data Out Delay 
225 
ns 
Cl = 150 pF 


tOF 
RD i to Data Float Delay 
100 
ns 


teY 
Cycle Time (except 8741A-8) 
2.5 
15 
JJ-s 
6.0 MHzXTAL 


teY 
Cycle Time (8741A-8) 
4.17 
15 
JJ-s 
3.6 MHzXTAL 
• 


inter 


Symbol 
Parameter 
Mln 
Max 
Units 
Test Conditions 


tAW 
CS, Ao Setup to WR J.. 
0 
ns 


tWA 
CS, Ao Hold after WR t 
0 
ns 


tww 
WR Pulse Width 
250 
ns 


tow 
Data Setup to WR t 
150 
ns 


two 
Data Hold after WR t 
0 
ns 


A.C. TIMING 
SPECIFICATION 
FOR PROGRAMMING 
TA = O·C to +70·C, 
Vcc = +5V 
±10% 


Symbol 
Parameter 
Mln 
Max 
Units 
Test Conditions 


tAW 
Address 
Setup Time to RESET t 
4tev 


tWA 
Address 
Hold Time after RESET t 
4tev 


tow 
Data in Setup Time to PROG t 
4tev 


two 
Data in Hold Time after PROG J.. 
4tev 


tpH 
RESET Hold Time to Verify 
4tev 


tVOOW 
Voo Setup Time to PROG t 
4tev 


tVOOH 
Voo Hold Time after PROG J.. 
0 


tpw 
Program Pulse Width 
50 
60 
ms 


tTW 
Test 0 Setup Time for Program Mode 
4tev 


tWT 
Test 0 Hold Time after Program Mode 
4tev 


too 
Test 0 to Data Out Delay 
4tev 


tww 
RESET Pulse Width to Latch Address 
4tev 


tr, tf 
Voo and PROG Rise and Fall Times 
0.5 
2.0 
,...s 


tev 
CPU Operation 
Cycle Time 
5.0 
,...s 


tRE 
RESET Setup Time before EA t 
4tev 


NOTE: 
1. If TEST 0 is high, too can be triggered by RESETt . 


D.C. SPECIFICATION 
FOR PROGRAMMING 
TA = 25·C 
±5·C, 
Vcc = 5V ±5%, 
Voo = 25V 
±1V 


Symbol 
Parameter 
Min 
Max 
Units 
Test Conditions 


VooH 
VOO Program Voltage 
High Level 
24.0 
26.0 
V 


VOOl 
Voo Voltage 
Low Level 
4.75 
5.25 
V 


VPH 
PROG Program Voltage 
High Level 
21.5 
24.5 
V 


VPl 
PROG Voltage 
Low Level 
0.2 
V 


VEAH 
EA Program or Verify Voltage 
High Level 
21.5 
24.5 
V 


VEAL 
EA Voltage 
Low Level 
5.25 
V 


100 
Voo High Voltage Supply Current 
30.0 
mA 


IpROG 
PROG High Voltage Supply Current 
16.0 
mA 


lEA 
EA High Voltage 
Supply Current 
1.0 
mA 


Symbol 
Parameter 
Mln 
Max 
Units 
Test Conditions 


tACC 
DACK to WR or RD 
0 
ns 


teAC 
RD or WR to DACK 
0 
ns 


tACO 
DACK to Data Valid 
225 
ns 
CL = 150 pF 


tCRQ 
RD or WR to DRO Cleared 
200 
ns 


Symbol 
Parameter 
Min 
Max 
Units 
Test Conditions 


tep 
Port Control Setup before Falling Edge of PROG 
10 
ns 


tpc 
Port Control Hold after Falling Edge of PROG 
100 
ns 


tpR 
PROG to Time P2 Input Must Be Valid 
810 
ns 


tpF 
Input Data Hold Time 
0 
150 
ns 


top 
Output Data Setup Time 
250 
ns 


tpo 
Output Data Hold Time 
65 
ns 


tpp 
PROG Pulse Width 
1200 
ns 


:~.=x:: > TEST POINTS <::x= 
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Cl 
2 
nAL1 


~ 


c, 
__L 
=:;':;12 


,'-r ~, 
, 
= 
, 


C3 
60mA 


0 
.P 
+ 
40mA 
" 
.Y 


20mA 
• 
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Both XTAL1 and XTAl2 should be driven. 
Resistors to Vcc are needed to ensure VIH = 3.eV 
if TIL circuitry is used. 


L 
C 


45 p.H 
20 pF 
120 p.H 
20 pF 


NOMINAL! 
5.2 MHz 
3.2 MHz 
f = 21Tm 


C' = C + 3Cpp 
2 


Cpp"" 
5-10pF 
Pin-to-Pin Capacitance 


_,,,~ 
~ 


DATA BUS 
''''' 


100000n 
----------- 
--- 
OATAVAUO, 
----------- 
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e"S OR 
AO =:==xt 
-I~-,.w_~-,-ww --=-__ 


(WRITE CONTROLI 
--------- 


DATA 
MAY CHANGE 
) 
--DATA 
VALlO_ 
K 


COMBINATION PROGRAM/VERIFY 
MODE 


23V 


EA 
5V 


DATA 
MAY CHANGE 


P2D-P1 
ADtt~lss 
ADDRESS(8-9) 
VALID 


, 
tVOOWR1tV~OH 


+25 
- 
r- WT 


VOO+5----------- 
tpw 
------------------- 


+23 
t0rr--trH 
two 
PROG +5-------------- 
I 
~-----------'\ 
+0 
-----'" 
-, ------- 


inter 


----<------ ---- 


X 
NE_X_T_A_D_D_RE_S_S_V_A_L_ID 
_ 


NOTES: 
1. PROG must float if EA is low (i.e., *23V), 
or if TO = 5V for the 8741A. 


2. XTAl1 and XTAl2 driven 
by 3.6 MHz clock 
will give 7.17 ,.,.S fey. This 
is acceptable 
for 8741-8 
parts 
as well 
as 
standard 
parts. 


PROG must float or = 5V when EA is high. 
3. Ao must be held low (i.e., = OV) dUring program/verify 
modes. 


-IACO- 


ORO ------[J-CR--- 
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EXPANDER 
PORT 


EXPANDER 
PORT 


290241-16 
6 


On the rising edge of SYNC and EA is enabled, port data is valid and can be strobed. On the trailing edge of sync the 
program counter contents are available. 


UNIVI:.I1~AL t'1:.t1.It'M~t1.AL IN I ~H"ACE-- -------- 


8-BIT SLAVE MICROCONTROLLER 


• 
8742: 12 MHz 
• 
Pin, Software and Architecturally 
Compatible with 8741A 


• 
8-Bit CPU plus ROM, RAM, 110, Timer 
and Clock in a Single Package 


• 
2048 x 8 EPROM, 128 x 8 RAM, 8-Bit 
Timer/Counter, 
18 Programmable 110 
Pins 


• 
One 8-Bit Status and Two Data 
Registers for Asynchronous 
Siave-to- 
Master Interface 


• 
DMA, Interrupt, or Polled Operation 
Supported 


• 
Fully Compatible with all Intel and Most 
Other Microprocessor 
Families 


• 
Expandable 110 
• 
RAM Power-Down Capability 


• 
Over 90 Instructions: 
70% Single Byte 


• 
Available in EXPRESS 
- 
Standard Temperature 
Range 


The Intel 8742 is a general-purpose Universal Peripheral Interface that allows designers to grow their own 
customized solution for peripheral device control. It contains a low-cost microcomputer with 2K of program 
memory, 128 bytes of data memory, 8-bit timer/counter, and clock generator in a single 40-pin package. 
Interface registers are included.to enable the UPITMdevice to function as a peripheral controller in the MCS\!)- 
48, MCS-51, MCS-80, MCS-85, 8088, 8086 and other 8-, 16-bit systems. 


The 8742 is software, pin, and architecturally compatible with the 8741A. The 8742 doubles the on-chip 
memory space to allow for additional features and performance to be incorporated in upgraded 8741A de- 
signs. For new designs, the additional memory and performance of the 8742 extends the UP)concept to more 
complex motor control tasks, 80-column printers and process control applications as examples. 
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1 
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DIP 


Symbol 
Pin 
Type 
Name and Function 


No. 


TEST 0, 
1 
I 
TEST INPUTS: 
Input pins which can be directly 
tested 
using conditional 
branch 


TEST 1 
39 
instructions. 


FREQUENCY 
REFERENCE: 
TEST 1 (T 1) also functions 
as the event timer input (under 
software 
control). 
TEST 0 (TO) is used during PROM programming 
and EPROM 
verification. 


XTAL 1, 
2 
I 
INPUTS: 
Inputs for a crystal, 
LC or an external 
timing signal to determine 
the internal 


XTAL2 
3 
oscillator 
frequency. 


RESET 
4 
I 
RESET: 
Input used to reset status flip-flops 
and to set the program 
counter 
to zero. 


RESET is also used during EPROM 
programming 
and verification. 


55 
5 
I 
SINGLE 
STEP: Single step input used in conjunction 
with the SYNC output to step the 
program 
through 
each instruction 
(EPROM). 
This should 
be tied to + 5V when not used. 


CS 
6 
I 
CHIP SELECT: 
Chip select input used to select one UPI microcomputer 
out of several 
connected 
to a common 
data bus. 


EA 
7 
I 
EXTERNAL 
ACCESS: 
External 
access 
input which allows emulation, 
testing 
and EPROM 
verification. 
This pin should be tied low if unused. 


RD 
8 
I 
READ: I/O read input which enables 
the master CPU to read data and status words from 
the OUTPUT 
DATA BUS BUFFER 
or status register. 


Ao 
9 
I 
COMMAND/DATA 
SELECT: 
Address 
Input used by the master processor 
to indicate 
whether 
byte transfer 
is data (Ac = 0, F1 is reset) or command 
(Ac = 1, F1 is set). Ac = 0 
during program 
and verify operations. 


WR 
10 
I 
WRITE: 
1/0 write input which enables 
the master CPU to write data and command 
words 
to the UPIINPUT 
DATA BUS BUFFER. 


SYNC 
11 
0 
OUTPUT 
CLOCK: 
Output signal which occurs 
once per UPI instruction 
cycle. SYNC can 
be used as a strobe for external 
circuitry; 
it is also used to synchronize 
single step 
operation. 


Do-D7 
12-19 
1/0 
DATA 
BUS: Three-state, 
bidirectional 
DATA BUS BUFFER 
lines used to interface 
the UPI 


(BUS) 
microcomputer 
to an 8-bit master system data bus. 


P10-P17 
27-34 
I/O 
PORT 1: 8-bit, PORT 1 quasi-bidirectional 
1/0 lines. 


P20-P27 
21-24 
I/O 
PORT 2: 8-bit, PORT 2 quasi-bidirectional 
1/0 lines. The lower 4 bits (P20-P23) 
interface 


35-38 
directly 
to the 8243 1/0 expander 
device and contain 
address 
and data information 
during 
PORT 4-7 
access. 
The upper 4 bits (P24-P27) 
can be programmed 
to provide 
interrupt 
Request 
and DMA Handshake 
capability. 
Software 
control 
can configure 
P24 as Output 


Buffer Full (OBF) interrupt, 
P25 as Input Buffer Full (IBF) interrupt, 
P26 as DMA Request 
(DRO), and P27 as DMA ACKnowledge 
(DACK). 


PROG 
25 
I/O 
PROGRAM: 
Multifunction 
pin used as the program 
pulse input during PROM programming. 


During 1/0 expander 
access 
the PROG pin acts as an addressldata 
strobe to the 8243. 


This pin should 
be tied high if unused. 


Vcc 
40 
POWER: + 5V main power supply pin. 


Voo 
26 
POWER: + 5V during normal operation. 
+ 21 V during programming 
operation. 
Low power 
standby 
supply pin. 


Vss 
20 
GROUND: 
Circuit ground 
potential. 


intJ 


UPI-42 
FEATURES 
1. Two Oata Bus Buffers, 
one for input and one for 
output. 
This allows a much cleaner 
Master/Slave 
protocol. 


INPUT 
DATA 
BUS 
BUFFER 


(8) 


OUTPUT 
DATA 
BUS 
BUFFER 
(81 


ST4 
F1 
Fo 
IBF 
OBF 


07 
06 
05 
04 
03 
02 
01 
00 


ST4-ST 7 are 
user 
definable 
status 
bits. 
These 
bits are defined 
by the "MOV STS, A" single byte, 
single cycle instruction. 
Bits 4-7 
of the acccumu- 
lator are moved to bits 4- 7 of the status register. 
Bits 0-3 
of the status register 
are not affected. 
MOV STS,A 
Op Code: 90H 


07 
00 


3. RO and WR are edge triggered. 
IBF, OBF, F1 and 
INT change 
internally 
after the trailing edge of RO 
or WR. 


Ouring the time that the host CPU is reading 
the 
status register, 
the 8742 is prevented 
from updat- 
ing this register 
or is "locked 
out". 


4. P24 and 
P25 are 
port 
pins 
or Buffer 
Flag 
pins 
which 
can be used to interrupt 
a master 
proces- 
sor. These 
pins default 
to port pins on Reset. 


If the "EN 
FLAGS" 
instruction 
has been execut- 
ed, P24 becomes 
the OBF (Output Buffer Full) pi~. 
A "1" 
written to P24 enables 
the OBF pin (the pin 
outputs 
the OBF Status 
Bit). A "0" 
written 
to P~4 
disables 
the OBF pin (the pin remains 
low). This 
pin can be used to indicate that valid data is avail- 
able from the UPI-41A 
(in Output 
Oata Bus Buff- 
er). 


If "EN FLAGS" 
has been executed, 
P25 becomes 
the II;3F(Input Buffer Full) pin. A "1" written to P25 
enables the IBF pin (the pin outputs 
the inverse of 


the IBF Status 
Bit. A "0" written 
to P25 disables 
the IBF pin (the pin remains 
low). This pin can be 
used to indicate 
that the UPI is ready for data. 


1 


07 
00 
5. P26 and P27 are port pins or OMA handshake 
pins 
for use with a OMA controller. 
These 
pins default 
to port pins on Reset. 


If the "EN 
OMA" 
instruction 
has been executed, 
P26 becomes 
the ORO (OMA Request) 
pin ..A "1:' 
written to P26 causes a OMA request (ORO IS acti- 
vated). 
ORO 
is 
deactivated 
by 
OACKeRO, 
OACKeWR, 
or execution 
of the 
"EN 
OMA" 
in- 
struction. 


If "EN 
OMA" 
has been 
executed, 
P27 becomes 
the OACK (OMA Acknowledge) 
pin. This pin acts 
as a chip select input for the Oata Bus Buffer reg- 
isters during OMA transfers. 


1 


07 
00 


6. The RESET input on the 8742, includes 
a 2-stage 
synchronizer 
to support 
reliable 
reset 
operation 
for 12 MHz operation. 


7. When 
EA is enabled 
on the 8742, 
the 
program 
counter 
is placed 
on Port 1 and the lower three 
bits of Port 2 (MSB = P22, LSB = P10). On the 
8742 
this 
information 
is multiplexed 
with 
PORT 
OAT A (see port 
timing 
diagrams 
at end 
of this 
data sheet). 


inter 
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Figure 5. 8742-8243 
Keyboard 
SCanner 


.I 
• 
TO 
I 


PElIllPHEUl 
To 
DEVICES 
_T, 


Figure 6. 8742 80-Column 


Matrix Printer Interface 
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PROGRAMMING, 
VERIFYING, 
AND 
ERASING 
THE 8742 EPROM 


Programming 
Verification 


In brief, the programming 
process 
consists 
of: acti- 


vating 
the 
program 
mode, 
applying 
an 
address, 


latching 
the address, 
applying 
data, and applying 
a 


programming 
pulse. Each word is programmed 
com- 


pletely before 
moving on to the next and is followed 


by a verification 
step. The following 
is a list of the 


pins used for programming 
and a description 
of their 


functions: 


Pin 
Function 


XTAL 1 
Clock-Input 


Reset 
Initialization 
and Address 
Latching 


Test 0 
Selection 
of Program or Verify Mode 


EA 
Activation 
of ProgramlVerify 
Modes 


BUS 
Address 
and Data Input 
Data Output During Verify 


P20-12 
Address 
Input 


VDD 
Programming 
Power Supply 


PROG 
Program Pulse Input 


WARNING 
An attempt to program a missocketed 8742 will result in severe dam· 
age to the part. An indication of a properly socketed part is the ap· 
pearance of the SYNC clock output. Th<llack of this clock may be 
used to disable the programmer. 


The ProgramlVerify 
sequence 
is: 


1. Ao = 
OV, CS = 
5V, EA = 
5V, RESET 
= 
OV, 
TESTO 
= 5V, VDD = 5V, clock applied 
or inter- 


nal oscillator 
operating, 
BUS floating, 
PROG 
= 
5V. 


2. Insert 8742 in programming 
socket 


3. TEST 0 = OV (select 
program 
mode) 


4. EA = 18V (active program 
mode) 


5. Address 
applied 
to BUS and P20-22 


6. RESET 
= 5V (latch address) 


7. Data applied 
to BUS" 


8. VDD = 21V (programming 
power) 


9. PROG 
= Vcc 
followed 
by one 
50 ms pulse 
to 


18V 


10. VDD = 5V 


11.TEST 0 = 5V (verify mode) 


12. Read and verify data on BUS 


13. TEST 0 = OV 


14. RESET = OV and repeat from step 5 


15. Programmer 
should 
be at conditions 
of step 
1 


when 8742 is removed 
from socket 


The 
erasure 
characteristics 
of the 
8742 
are 
such 


that erasure 
begins to occur when exposed 
to light 


with wavelengths 
shorter 
than 
approximately 
4000 


Angstroms 
(A). It should 
be noted that sunlight 
and 


certain types of fluorescent 
lamps have wavelengths 


in the 3000-4000A 
range. Data shows that constant 


exposure 
to 
room 
level 
fluorescent 
lighting 
could 


erase 
the 
typical 
8742 
in approximately 
3 years 


while it would take approximately 
one week to cause 


erasure when exposed 
to direct sunlight. 
If the 8742 


is to be exposed 
to these types of lighting conditions 


for 
extended 
periods 
of 
time, 
opaque 
labels 
are 


available 
from Intel which should be placed over the 


8742 window 
to prevent 
unintentional 
erasure. 


The recommended 
erasure 
procedure 
for the 8742 


is exposure 
to shortwave 
ultraviolet 
light which has a 


wavelength 
of 2537 A. The integrated 
dose (Le., UV 
intensity x exposure 
time) for erasure 
should 
be a 
• 


minimum 
of 15 w-sec/cm2. 
The 
erasure 
time with 
• 


this dosage 
is approximately 
15 to 20 minutes 
using 


an ultraviolet 
lamp with a 12,000 p.W/cm2 
power rat- 


ing. The 8742 
should 
be placed 
within 
one inch of 


the lamp tubes during erasure. 
Some 
lamps have a 


filter on their tubes which should be removed 
before 


erasure. 


inter 


NOTICE: This data sheet contains preliminary infor- 
mation on new products in production. The specifica- 
tions are subject to change without notice. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause permanent 
damage. 


These are stress ratings 
only. Operation 
beyond 
the 
"Operating 
Conditions" 
is not recommended 
and ex- 
tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


D.C. CHARACTERISTICS 
TA = o· to + 70·C, Vcc = Voo = + 5V ± 10% 


AmbientTemperature 
Under Bias 
O·C to 70·C 


Storage Temperature 
-65·C 
to + 150·C 


Voltage 
on Any Pin With Respect 
to Ground 
-0.5 
to + 7V 


Power Dissipation 
1.5W 


Symbol 
Parameter 
8742 
Units 
Test 


Min 
Max 
Conditions 


VIL 
Input Low Voltage 
(Except XTAL 1, XTAL2. RESET) 
-0.5 
0.8 
V 


VIL1 
Input Low Voltage 
(XTAL 1. XTAL2. RESET) 
-0.5 
0.6 
V 


VIH 
Input High Voltage 
(Except XTAL 1. XTAL2. RESET) 
2.0 
Vee 
V 


VIH1 
Input High Voltage 
(XTLA 1. XTAL2, RESET) 
3.5 
Vee 
V 


VOL 
Output Low Voltage 
(Do-D7) 
0.45 
V 
IOL = 2.0mA 


VOL1 
Output Low Voltage 
(PlO-P17. 
P20-P27. 
Sync) 
0.45 
V 
IOL = 1.6 mA 


VOL2 
Output Low Voltage 
(PROG) 
0.45 
V 
IOL = 1.0 mA 


VOH 
Output High Voltage 
(00-07) 
2.4 
V 
IOH = -400/J-A 


VOH1 
Output High Voltage 
(All Other Outupts) 
2.4 
IOH = -50 
p.A 


IlL 
Input Leakage Current (To. T1. RD, WR, CS. Ao. EA) 
±10 
p.A 
Vss 
:::;VIN :::;Vee 


IOFL 
Output Leakage Current (Do-D7. 
High Z State) 
±10 
p.A 
Vss 
+0.45 
:::;VOUT:::;Vee 


Iu 
Low Input Load Current (P10-P17, 
P20-P27) 
0.3 
mA 
VIL = 0.8V 


IU1 
Low Input Load Current (RESET, SS) 
0.2 
mA 
VIL = 0.8V 


100 
Voo Supply Current 
10 
mA 
Typical = 5 mA 


Ice + 100 
Total Supply Current 
125 
mA 
Typical = 60 mA 


IIH 
Input Leakage Current (PlO-P17. 
P20-P27) 
100 
p.A 
VIN = Vee 


CIN 
Input Capacitance 
10 
pF 


C10 
I/O Capacitance 
20 
pF 


D.C. CHARACTERISTICS-PROGRAMMING 
TA = 25·C 
±5·C, 
Vee = 5V ±5%, 
Voo = 21V 
±0.5V 


Symbol 
Parameter 
Min 
Max 
Units 
Test Conditions 


VOOH 
Voo Program Voltage 
High Level 
20.5 
21.5 
V 


VOOL 
Voo Voltage 
Low Level 
4.75 
5.25 
V 


VPH 
PROG Program Voltage 
High Level 
17.5 
18.5 
V 


VPL 
PROG Voltage 
Low Level 
Vee-0.5 
Vee 
V 


VEAH 
EA Program or Verify Voltage 
High Level 
17.5 
18.5 
V 


VEAL 
EA Voltage 
Low Level 
5.25 
V 


100 
Voo High Voltage 
Supply Current 
30.0 
mA 


IpROG 
PROG High Voltage Supply Current 
1.0 
mA 


lEA 
EA High Voltage Supply Current 
1.0 
mA 


inter 


A.C. CHARACTERISTICS 
TA = O°Cto + 70°C, VSS = OV, VCC = VDD = +5V 
±10% 
DBB READ 


Symbol 
Parameter 
8742 
Units 
Mln 
Max 


tAR 
CS, Ao Setup to RD -1- 
0 
ns 


tRA 
CS, Ao Hold after RD i 
0 
ns 


tRR 
RD Pulse Width 
160 
ns 


tAD 
CS, Ao to Data Out Delay 
130 
ns 


tRD 
RD -1- to Data Out Delay 
130 
ns 


tDF 
RD i to Data Float Delay 
85 
ns 


tev 
Cycle Time 
1.25 
15 
f-Ls(1) 


Symbol 
Parameter 
Mln 
Max 
Units 


tAW 
CS, Ao Setup to WR -1- 
0 
ns 


tWA 
CS, Ao Hold after WR i 
0 
ns 


tww 
WR Pulse Width 
160 
ns 


tDW 
Data Setup to WR i 
130 
ns 


tWD 
Data Hold after WR i 
0 
ns 


NOTE: 
1. TCY = 15/f(XTAl) 


A.C. CHARACTERISTICS 
TA = 25°C ±soC, Vcc = 5V ±5%, 
VDD = +21V 
±0.5 
PROGRAMMING 


Symbol 
Parameter 
Mln 
Max 
Units 
Test Conditions 


tAW 
Address 
Setup Time to RESET i 
4tev 


tWA 
Address 
Hold Time after RESET i 
4tev 


tDW 
Data in Setup Time to PROG i 
4tev 


tWD 
Data in Hold Time after PROG -1- 
4tev 


tpH 
RESET Hold Time to Verify 
4tev 


tVDDW 
VDD Setup Time to PROG i 
0 
1.0 
mS 


tVDDH 
VDD Hold Time after PROG i 
0 
1.0 
mS 


tpw 
Program Pulse Width 
50 
60 
mS 


tTW 
Test 0 Setup Time for Program Mode 
4tev 


tWT 
Test 0 Hold Time after Program Mode 
4tev 


too 
Test 0 to Data Out Delay 
4tev 


tww 
RESET Pulse Width to Latch Address 
4tev 


tr, tf 
VDD and PROG Rise and Fall Times 
0.5 
2.0 
f-Ls 


tev 
CPU Operation 
Cycle Time 
4.0 
f-Ls 


tRE 
RESET Setup Time before EA i 
4tev 


NOTE: 
If TEST 0 is high, too can be triggered 
by RESETt . 


• 


• 
Symbol 
Parameter 
8642/8742 
Units 
Mln 
Max 


tACC 
DACK to WR or RD 
0 
ns 


teAC 
RD or WR to DACK 
0 
ns 


tACO 
DACK to Data Valid 
130 
ns 


teRQ 
RD or WR to ORO Cleared 
100 
ns(l) 


NOTE: 
1. CL = 150 pF. 
A.C. CHARACTERISTICS 
PORT2TA 
= O·Cto 
+70·C. 
Vcc = +5V 
±100/0 


Symbol 
Parameter 
f(tcY) 
8742/8642(3) 
Units 
Min 
Max 


tep 
Port Control Setup before Falling Edge of PROG 
1/15 tey-28 
55 
ns(l) 


tpc 
Port Control Hold after Falling Edge of PROG 
1/10 tCY 
125 
ns(2) 


tpR 
PROG to Time P2 Input Must Be Valid 
8/15tey-16 
650 
ns(l) 


tpF 
Input Data Hold Time 
0 
150 
ns(2) 


top 
Output Data Setup Time 
2/10 tCY 
250 
ns(l) 


tpo 
Output Data Hold Time 
1/10tey-80 
45 
ns(2) 


tpp 
PROG Pulse Width 
6/10tey 
750 
ns 


NOTES: 
1.CL = 80pF. 
2. CL = 20 pF. 
3. Icv = 1.25 ,,"s. 


2.• =X 
)C 


2.0 
2.0 


0.1 ;> TEST POINTS < 0.1 


0.45 
.--------. 


Cl 
2 
XTAl1 


~ 


C2 
__1_- =~:12 
..--r- ... 
. 
= 
I 


C, 
290256-13 
Crystal 
Series 
Resistance 
Should 
be <750 
at 12 MHz; 


<1800 
at 3.6 MHz. 


290256-14 
Rise and Fall Times 
Should 
Not Exceed 
20 ns. Resis- 
tors to Vcc 
are Needed 
to Ensure 
VIH = 3.5V 
if TIL 
Circuitry 
is Used. 


inter 


L 
C 
NOMINAL 
45 H 20 pF 
5.2 MHz 
120 H 20 pF 
3.2 MHz 


1 
f ~ 2".,j[C' 


C,~C+3CpP 
2 


Cpp '" 5 pF-10 pF 
Pin-to-Pin Capacitance 
290256-15 
Each C Should be Approximately 20 pF, including Stray Capacitance. 


WAVEFORMS 
READ OPERATION-DATA 
BUS BUFFER REGISTER 


_t.D~ 
~"" 


OATABUS 
tAD 


(OUTPUT) 
----------..... 
--- 
OATAVALI~ 
----------- 


aO"AO~ 
__ 
- 
r-...-~=-.ww= 
• 


P20-P22 
ADtt~lss 
ADDRESS(8-10) 
VALID 


'00 ':: 
•••• R_tv_~_: 
_ 


PROG 
':: 
~~WJ~Mj~:~-------------- _ 


EA 
18V~ 


SV 


sv 
,.------------------------------ 
TESTa 
/ 
ov--' 


----< 


X 
N_E_X_T_A_D_DR_E_S_S_V_A_L1_D 
_ 


NOTES: 
1. PROG must float 
if EA is low or EA is low or if TESTa = 5V. 
2. Ao must be held low (i.e., = OV) during 
program/verify 
modes. 


3. Test 0 must be held high. 


The 8742 
EPROM 
can be programmed 
by the fol- 
lowing 
Intel products: 


1. Universal 
PROM 
Programmer 
(UPP 103) periph- 
eral of the Inteilec\!l 
Development 
System 
with a 
UPP-549 
Personality 
Card. 


2. iUP-200/iUP-201 
PROM 
Programmer 
with 
the 
iUP-F87 I44 Personality 
Module. 


inter 


DIlQ---b 
_ 


SYNC 
/ 
\ 


P'D-l1 
PORT 
X 
PC 
P2D-22 
DATA 
/ 
\ 


X 


PORT 
X 
PC 
DATA 


290256-22 
On the Rising 
Edge of SYNC and EA is Enabled. 
Port Data is Valid and can be Strobed 
on the Trailing 
Edge of Sync the 
Program 
Counter 
Contents 
are Available. 
• 
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INTRODUCTION 


The UPI-452 targets the leading problem in peripheral 
to host interfacing, the interface of a slow peripheral 
with a fast Host or "bus utilization". The solution is 
data buffering to reduce the delay and overhead of 
transferring data between the Host microprocessor and 
I/O subsystem. The Intel CMOS UPI-452 solves this 
problem by combining a sophisticated programmable 
FIFO buffer and a slave interface with an MSC-51 
based microcontroller. 


The UPI-452 is Intel's newest Universal Peripheral In- 
terface family member. The UPI-452 FIFO buffer en- 
ables Host-peripheral 
communications to be through 
streams or bursts of data rather than by individual 
bytes. In addition the FIFO provides a means of em- 
bedding commands within a stream or block of data. 
This enables the system designer to manage data and 
commands to further off-load the Host. 


The UPI-452 interfaces to the iAPX 286 microproces- 
sor as a standard Intel slave peripheral device. READ, 
WRITE, CS and address lines from the Host are used 
to access all of the Host addressable UPI-452 Special 
Function Registers (SFR). 


The UPI-452 combines an MSC-51 microcontroller, 
with 256 bytes of on-chip RAM and 8K bytes of ROM, 
twice that of the 8OC51,a two channel DMA controller 
and a sophisticated 128byte, two channel, bidirectional 
FIFO in a single device. The UPI-452 retains all of the 
8OC51 architecture, and is fully compatible with the 
MSC-51 instruction set. 


This application note is a description of an iAPX 286 to 
UPI-452 slave interface. Included is a discussion of the 
respective timings and design considerations. This ap- 
plication note is meant as a supplement to the UPI-452 
Advance Data Sheet. The user should consult the data 
sheet for additional 
details on the various UPI-452 
functions and features. 


UPI·452 
iAPX 286 SYSTEM 
CONFIGURATION 


The interface described in this application 
note is 
shown in Figure I, iAPX 286 UPI-452 System Block 
Diagram. The iAPX 286 system is configured in a local 
bus architecture design. DMA between the Host and 
the UPI-452 is supported 
by the 82258 Advanced 
DMA Controller. The Host microprocessor accesses all 
UPI-452 externally addressable registers through ad- 
dress decoding (see Table 3, UPI-452 External Address 
Decoding). The timings and interface descriptions be- 
low are given in equation form with examples of specif- 
ic calculations. The goal of this application note is a set 
of interface analysis equations. These equations are the 
tools a system designer can use to fully utilize the fea- 
tures of the UPI-452 to achieve maximum system per- 
formance. 


HOST·UPI·452 
FIFO SLAVE 
INTERFACE 


The UPI-452 FIFO acts as a buffer between the exter- 
nal Host 80286 and the internal CPU. The FIFO allows 
the Host - peripheral interface to achieve maximum de- 
coupling of the interface. Each of the two FIFO chan- 
nels is fully user programmable. The FIFO buffer en- 
sures that the respective CPU, Host or internal CPU, 
receives data in the same order as transmitted. Three 
slave bus interface handshake methods are supported 
by the UPI-452; DMA, Interrupt and Polled. 


The interface between the Host 80286 and the UPI-452 
is accomplished with a minimum of signals. The 8 bit 
data bus plus READ, WRITE, CS, and AO-2 provide 
access to all of the externally addressable UPI-452 reg- 
isters including the two FIFO channels. Interrupt and 
DMA handshaking pins are tied directly to the inter- 
rupt controller and DMA controller respectively. 


DMA transfers between the Host and UPI-452 are con- 
trolled by the Host processors DMA controller. In the 
example shown in Figure I, the Host DMA controller 
is the 82258 Advanced DMA Controller. An internal 
DMA transfer to or from the FIFO, as well as between 
other internal elements, is controlled by the UPI-452 
internal DMA processor. The internal DMA processor 
can also transfer data between Input and Output FIFO 
channels directly. The description that follows details 
the UPI-452 interface from both the Host processor's 
and the UPI-452's internal CPU perspective. 


One of the unique features of the UPI-452 FIFO is its 
ability to distinguish between commands and data em- 
bedded in the same data block. Both interrupts 
and 
• 
status flags are provided to support this operation in 
I 
either direction of data transfer. These flags and inter- 
rupts are triggered by the FIFO logic independent of,· 
and transparent to either the Host or internal CPUs. 
Commands embedded in the data block, or stream, are 
called Data Stream Commands. 


Programmable FIFO channel Thresholds are another 
unique feature of the UPI-452. The Thresholds provide 
for interrupting 
the Host only when the Threshold 
number of bytes can be read or written to the FIFO 
buffer. This further decouples the Host UPI-452 inter- 
face by relieving the Host of polling the buffer to deter- 
mine the number of bytes that can be read or written. It 
also reduces the chances of overrun and underrun er- 
rors which must be processed. 


The UPI-452 also provides a means of bypassing the 
FIFO, in both directions, for an immediate interrupt of 
either the Host or internal CPU. These commands are 
called Immediate Commands. A complete description 
of the internal FIFO logic operation is given in the 
FIFO Data Structure section. 
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The UPI-452 at power-on reset automatically performs 
a minimum initialization of itself. The UPI-452 notifies 
the Host that it is in the process of initialization by 
setting a Host Status SFR bit. The user UPI-452 pro- 
gram must release the UPI-452 from initialization for 
the FIFO to be accessible by the Host. This is the mini- 
mum Host to UPI-452 initialization sequence. All fur- 
ther initialization and configuration of the UPI-452, in- 
cluding the FIFO, is done by the internal CPU under 
user program control. No interaction or programming 
is required by the Host 80286 for UPI-452 initializa- 
tion. 


At power-on reset the UPI-452 automatically enters 
FIFO DMA Freeze Mode by resetting the Slave Con- 
trol (SLCON) SFR FIFO DMA Freeze/Normal 
Mode 
bit to FIFO DMA Freeze Mode (FRZ = "0"). This 
forces the Slave Status (SSTAT) and Host 
Status 
(HSTAT) SFR FIFO DMA Freeze/Normal 
Mode bits 
to FIFO DMA Freeze Mode In Progres~. FIFO DMA 
Freeze Mode allows the FIFO interface to be config- 
ured, by the internal CPU, while inhibiting Host access 
to the FIFO. 


The MODE SFR is forced to zero at reset. This dis- 
ables, (tri-states) the DRQIN/INTRQIN, 
DRQOUT/ 
INTRQOUT 
and INTRQ output pins. INTRQ is in- 
hibited from going active to reflect the fact that a Host 
Status SFR bit, FIFO DMA Freeze Mode, is active. If 
the MODE 
SFR 
INTRQ 
configure bit is enabled 
(= '1'), before the Slave Control and Host Status SFR 
FIFO DMA FreezelNormal 
Mode bit is set to Normal 
Mode, INTRQ will go active immediately. 


The first action by the Host following reset is to read 
the UPI-452 Host Status SFR FreezelNormal 
Mode 
bit to determine the status of the interface. This may be 
done in response to a UPI-452 INTRQ interrupt, or by 
polling the Host Status SFR. Reading the Host Status 
SFR resets the INTRQ line low. 


Any of the five FIFO interface SFRs, as well as a vari- 
ety of additional features, may be programmed by the 
internal CPU following reset. At power-on reset, the 
five FIFO Special Function Registers are set to their 
default values as listed in Table 1. All reserved location 
bits are set to one, all other bits are set to zero in these 
three SFRs. The FIFO SFRs listed in Table 1 can be 
programmed only while the UPI-452 is in FIFO DMA 
Freeze Mode. The balance of the UPI-452 SFRs default 
values and descriptions are listed in the UPI-452 Ad- 
vance Data Sheet in the Intel Microsystems Compo- 
nent Handbook Volume II and Microcontroller Hand- 
book. 


The above sequence is the minimum UPI-452 internal 
initialization required. The last initialization instruction 
must always set the UPI-452 to Normal Mode. This 
causes the UPI-452 to exit Freeze Mode and enables 


Host read/write access of the FIFO. The internal CPU 
sets the Slave Control (SLCON) SFR FIFO 
DMA 
FreezelNormal 
Mode (FRZ) bit high (= 1) to activate 
Normal Mode. Ths causes the Slave Status (SSTAT) 
and Host Status (HSTAT) SFR FIFO DMA Freeze 
Mode bits to be set to Normal Mode. Table 2, UPI-452 
Initialization Event Sequence Example, shows a sum- 
mary of the initialization events described above. 


Table 1. FIFO Special Function 
Register 
Default Values 


SFR Name 
Label 
Reset 
Value 
Channel Boundary Pointer 
CBP 
40H/64D 
Output Channel Read Pointer 
ORPR 
40H/64D 
Output Channel Write Pointer 
OWPR 
40H/64D 
InputChannel Read Pointer 
IRPR 
OOH/OD 
InputChannel Write Pointer 
IWPR 
OOH/OD 
InputThreshold 
ITH 
OOH/OD 
Output Threshold 
OTH 
01H/1D 


Table 2. UPI·452 
Initialization 
Event Sequence 
Example 


Event Description 
SFR/bit 
Power-on Reset 
UPI-452forces FIFO DMA 
SLCON FRZ = 0 
Freeze Mode (Host access to 
FIFOinhibited) 
UPI-452forces Slave Status and 
SSTAT SST5 = 0 
Host Status SFR to FIFO DMA 
HSTATHST1 = 1 
Freeze Mode In Progress 
UPI-452forces all SFRs, 
including FIFOSFRs, to default 
values. 


• UPI-452user program enables 
MODEMD4 = 1 
INTRQ,INTRQgoes active, high 
• Host READ's UPI-452 Host 
Status (HSTAT) SFR to 
determine interrupt source, 
INTRQgoes low 
• UPI-452 user program initializes 
any other SFRs; FIFO, Interrupts, 
Timers/Counters, etc. 
User program sets Slave Control 
SLCON FRZ = 1 
SFR to Normal Mode (Host 
access to FIFO enabled) 
UPI-452forces Slave and Host 
SSTAT SST5 = 1 
Status SFRs bits to Normal 
HSTATHST1 = 0 
Operation 
• Host polls Host Status SFR to 
determine when itcan access the 
FIFO 
- or- 
• Host waits for UPI-452 Request 
for Service interrupt to access 
FIFO 


• 


The UPI-452 provides three means of communication 
between the Host microprocessor and the UPI-452 in 
either direction; 


Data 
Data Stream Commands 
Immediate Commands 


Data and Data Stream Commands (DSC) are trans- 
ferred between the Host and UPI-452 through the UPI- 
452 FIFO buffer. The third, Immediate Commands, 
provides a means of bypassingthe FIFO entirely. These 
three data types are in addition to direct access by ei- 
ther Host or Internal CPU of dedicated Status and 
Control Special Function Registers (SFR). 


The FIFO appears to both the Host 80286 and the in- 
ternal CPU as 8 bits wide. Internally the FIFO is logi- 
cally nine bits wide. The ninth bit indicates whether the 
byte is a data or a Data Stream Command (DSC) byte; 
o = data, I = DSC. The ninth bit is set by the FIFO 
logic in response to the address specified when writing 
to the FIFO by either Host or internal CPU. The FIFO 
uses the ninth bit to condition the UPI-452 interrupts 
and status flagsas a byte is made availablefor a Host or 
internal CPU read from the FIFO. Figures 2 and 3 
show the structure of each FIFO channel and the logi- 
cal ninth bit. 


It is important to note that both data and DSCs are 
actually entered into the FIFO buffer (see Figures 2 
and 3). External addressing of the FIFO determines the 
state of the internal FIFO logicninth bit. Table 3 shows 
the UPI-452 External Address Decoding used by the 
Host and the corresponding action. The internal CPU 
interface to the FIFO is essentially identical to the ex- 
ternal Host interface. Dedicated internal Special Func- 
tion Registers provide the interface between the FIFO, 
internal CPU and the internal two channel DMA proc- 
essor. FIFO read and write operations by the Host and 
internal CPU are interleaved by the UPI-452 so they 
appear to be occurring simultaneously. 


The ninth bit provides a means of supporting two data 
types within the FIFO buffer. This feature enables the 
Host and UPI-452 to transfer both commands and data 
while maintaining the decoupled interface a FIFO buff- 
er provides. The logicalninth bit provides both a means 
of embedding commands within a block of data and a 
means for the internal CPU, or external Host, to dis- 
criminate between data and commands. Data or DSCs 
may be written in any order desired. Data Stream 


Commands can be used to structure or dispatch the 
data by defining the start and end of data blocks or 
packets, or how the data followinga DSC is to be pro- 
cessed. 


A Data Stream Command (DSC) acts as an internal 
service routine vector. The DSC generates an interrupt 
to a service routine which reads the DSC. The DSC 
byte acts as an address vector to a user defined service 
routine. The address can be any program or data mem- 
ory location with no restriction on the number of DSCs 
or address boundaries. 


A Data Stream Command (DSC) can also be used to 
clear data from the FIFO or "FLUSH" the FIFO. This 
is done by appending a DSC to the end of a block of 
data entered in the FIFO which is less than the pro- 
grammed threshold number of bytes. The DSC will 
cause an interrupt, if enabled, to the respective receiv- 
ing CPU. This ensures that a less than Threshold num- 
ber of bytes in the FIFO will be read. Two conditions 
force a Request for Serviceinterrupt, if enabled, to the 
Host. The first is due to a Threshold number of bytes 
having been written to the FIFO Output channel; the 
second is if a DSC is written to the Output FIFO chan- 
nel. Ifless than the Threshold number of bytes are writ- 
ten to the Output FIFO channel, the Host Status SFR 
flag will not be set, and a Request for Serviceinterrupt 
will not be generated, if enabled. By appending a DSC 
to end of the data block, the FIFO Request for Service 
flag and/or interrupt will be generated. 


An example of a FIFO Flush application is a mass stor- 
age subsystem. The UPI-452 provides the system inter- 
face to a subsystem which supports tape and disk stor- 
age. The FIFO size is dynamically changed to provide 
the maximum buffer size for the direction of transfer. 
Large data blocks are the norm in this application. The 
FIFO Flush provides a means of purging the FIFO of 
the last bytes of a transfer. This guarantees that the 
block, no matter what its size,willbe transmitted out of 
the FIFO. 


Immediate Commands allow more direct communica- 
tion between the Host processor and the UPI-452 by 
bypassing the FIFO in either direction. The Immediate 
Command IN and OUT SFRs are two more unique 
address locations externally and internally addressable. 
Both DSCs and Immediate Commands have internal 
interrupts and interrupt priorities associated with their 
operation. The interrupts are enabled or disabled by 
setting 
corresponding 
bits 
in 
the 
Slave Control 
(SLCON), Interrupt Enable (1EC), Interrupt Priority 
(IPC) and Interrupt Enable and Priority (IEP) SFRs. A 
detailed description of each of these may be found in 
the UPI-452 Advance Information Data Sheet. 
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INPUT 
flfO 
CHANNEL 


INTERNAL CPU 
(DATA PROCESSOR) 
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OUTPUT 
FIFO 
CHANNEL 


INTERNAL CPU 
(DATA PROCESSOR) 


DACK 
CS 
A2 
A1 
AO 
READ 
WRITE 


1 
1 
X 
X 
X 
No Operation 
No Operation 


1 
0 
0 
0 
0 
Data or DMA from 
Data or DMA to 
Output FIFO Channel 
Input FIFO Channel 


1 
0 
0 
0 
1 
Data Stream Command 
Data Stream Command 
from Output FIFO 
to Input FIFO 
Channel 
Channel 
1 
0 
0 
1 
0 
Host Status SFR 
Reserved 
Read 


1 
0 
0 
1 
1 
Host Control SFR 
Host Control SFR 
Read 
Write 
1 
0 
1 
0 
0 
Immediate 
Command 
Immediate 
Command 
SFR Read 
SFRWrite 
1 
0 
1 
1 
X 
Reserved 
Reserved 


0 
X 
X 
X 
X 
DMA Data from 
DMA Data to Input 
Output FIFO Channel 
FIFO Channel 


Below is a detailed description of each FIFO channel's 
operation, including the FIFO logic response to the 
ninth bit, as a byte moves through the channel. The 
description covers each of the three data types for each 
channel. The details below provide a picture of the vari- 
ous FIFO features and operation. By understanding the 
FIFO structure and operation the user can optimize the 
interface to meet the requirements of an individual de- 
sign. 


This section covers the data path from the internal 
CPU to the HOST. Data Stream Command or Immedi- 
ate Command processing during Host DMA Opera- 
tions is covered in the DMA section. 


The internal CPU writes data and Data Stream Com- 
mands into the FIFO through the FIFO OUT (FOUT) 
and Command OUT (COUT) SFRs. When a Thresh- 
old number of bytes has been written, the Host Status 
SFR Output FIFO Request for Service bit is set and an 
interrupt, if enabled, is generated to the Host. Either 
the INTRQ or DRQOUT/INTRQOUT 
output pins 


can be used for this interrupt as determined by the 
MODE and Host Control (HCON) SFR setting. The 
Host responds to the Request for Service interrupt by 
reading the Host Status (HSTAT) SFR to determine 
the source of the interrupt. The Host then reads the 
Threshold number of bytes from the FIFO. The inter- 
nal CPU may continue to write to the FIFO during the 
Host read of the FIFO Output channel. 
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Data Stream Commands may be written to the Output 
FIFO channel at any time during a write of data bytes. 
The write instruction need only specify the Command 
Out (COUT) SFR in the direct register instruction 
used. Immediate Commands may also be written at any 
time to the Immediate Command OUT (IMOUT) SFR. 
The Host reads Immediate Commands from the Imme- 
diate Command OUT (IMOUT). 


The internal CPU can determine the number of bytes to 
write to the FIFO Output channel in one of three ways. 
The first, and most efficient, is by utilizing the internal 
DMA processor which will automatically manage the 
writing of data to avoid Underrun or Overrun Errors. 
The second is for the internal CPU to read the Output 
FIFO channels Read and Write Pointers and compare 
their values to determine the available space. The third 
method for determining the available FIFO space is to 
always write the programmed channel size number of 
bytes to the Output FIFO. This method would use the 
Overrun Error flag and interrupt to halt FIFO writing 
whenever the available space was less than the channel 
size. The interrupt service routine could read the chan- 
nel pointers to determine or monitor the available chan- 
nel space. The time required for the internal CPU to 
write data to the Output FIFO channel is a function of 
the individual instruction cycle time and the number of 
bytes to be written. 


The Host reads data or Data Stream Commands (DSC) 
from 
the 
FIFO 
in 
response 
to 
the 
Host 
Status 
(HSTAT) SFR flags and interrupts, 
if enabled. All 
Host read operations access the same UPI-452 internal 
I/O 
Buffer Latch. At the end of the previous Host 
FIFO read cycle a byte is loaded from the FIFO into 
the I/O Buffer Latch and Host Status (HSTAT) SFR 
bit 5 is set or cleared (I = DSC, 0 = data) to reflect 
the state of the byte's FIFO ninth bit. If the FIFO ninth 
bit is set (= 1) indicating a DSC, an interrupt is gener- 
ated 
to 
the 
external 
Host 
via 
INTRQ 
pin 
or 
INTRQIN/INTRQOUT 
pins as determined by Host 
Control (HCON) SFR bit 1. The Host then reads the 
Host Status (HSTAT) SFR to determine the source of 
the interrupt. 


The most efficient Host read operation of the FIFO 
Output channel is through the use of Host DMA. The 
UPI-452 fully supports external DMA handshaking. 
The MODE and Host Control SFRs control the config- 
uration of UPI-452 Host DMA handshake outputs. If 
Host DMA is used the Threshold Request for Service 
interrupt 
asserts 
the 
UPI-452 
DMA 
Request 
(DRQOUT) 
output. 
The Host DMA 
processor ac- 


knowledges with DACK which acts as a chip select of 
the FIFO 
channels. The DMA transfer would stop 
when either the threshold byte count had been read, as 
programmed in the Host DMA processor, or when the 
DRQOUT output is brought inactive by the UPI-452. 


This section covers the data path from the HOST to the 
internal ~PU or internal DMA processor. The details 
of Data Stream Command or Immediate Command 
processing during internal DMA operations are cov- 
ered in the DMA section below. 


The Host writes data and Data Stream Commands into 
the FIFO through the FIFO IN (FIN) and Command 
IN (CIN) SFRs. When a Threshold number of bytes 
has been read out of the Input FIFO channel by the 
internal CPU, the Host Status SFR Input FIFO Re- 
quest for Service bit is set and an interrupt, if enabled, 
is generated to the Host. The Input FIFO Threshold 
interrupt tells the Host that it may write the next block 
of data into the FIFO. Either the INTRQ or DRQIN/ 
INTRQIN output pins can be used for this interrupt as 
determined by the MODE and Host Control (HCON) 
SFR settings. The Host may continue to write to the 
FIFO Input channel during the internal CPU read of 
the FIFO. Data Stream Commands may be written to 
the FIFO Input channel at any time during a write of 
data bytes. Immediate Commands may also be written 
at any time to the Immediate Command IN (IMIN) 
SFR. 
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The Host also has three methods for determining the 
available FIFO space. Two are essentially identical to 
that of the internal CPU. They involve reading the 
FIFO Input channel pointers and using the Host Status 
SFR Underrun and Overrun Error flags and Request 
for Service interrupts these would generate, if enabled 
in combination. The third involves using the UPI-452 
Host DMA controller handshake signals and the pro- 
grammed Input FIFO Threshold. The Host would re- 
ceive a Request for Service interrupt when an Input 
FIFO channel has a Theshold number of bytes able to 
be written by the Host. The Host service routine would 
then write the Threshold number of bytes to the FIFO. 


If a Host DMA is used to write to the FIFO Input 
channel, the Threshold Request for Service interrupt 
could assert the UPI-452 DRQIN 
output. The Host 
DMA processor would assert DACK and the FIFO 
write would be completed by Host the DMA processor. 
The DMA transfer would stop when either the Thresh- 
old byte count had been written or the DRQIN output 
was removed by the UPI-452. Additional details on 
Host and internal DMA operation is given below. 


At the end of an internal CPU read cycle a byte is 
loaded from the FIFO butTer into the FIFO IN/Com- 
mand IN SFR and Slave Status (SSTAT) SFR bit I is 
set or cleared (I = data, 0 = DSC) to reflect the state 
of the FIFO ninth bit. If the byte is a DSC, the FIFO 
ninth bit is set (= I) and an interrupt is generated, if 
enabled, to the Internal CPU. The internal CPU then 
reads the Slave Status (SSTAT) SFR to determine the 
source of the interrupt. 


Immediate Commands are written by the Host and 
read by the internal CPU through the Immediate Com- 
mand IN (IMIN) SFR. Once written, an Immediate 
Command sets the Slave Status (SSTAT) SFR flag bit 
and generates an interrupt, if enabled, to the internal 
CPU. In response to the interrupt the internal CPU 


CHANNEL 
BOUNDRY 
POINTER 
(CBP) 


reads the Slave Status (SSTAT) SFR to determine the 
source of the interrupt and service the Immediate Com- 
mand. 


The Host does not have direct control of the FIFO 
Input or Output channel sizes or configuration. The 
Host can, however, issue Data Stream Commands or 
Immediate Commands to the UPI-452 instructing the 
UPI-452 to reconfigure the FIFO interface by invoking 
FIFO 
DMA Freeze Mode. The Data Stream Com- 
mand or Immediate Command would be a vector to a 
service routine which performs the specific reconfigura- 
tion. 


The default power-on reset FIFO channel sizes are list- 
ed in the "Initialization" section and can be set only by 
the internal CPU during FIFO DMA Freeze Mode. 
The FIFO channel size is selected to achieve the opti- 
mum application performance. 
The entire 
128 byte 
FIFO can be allocated to either the Input or Output 
channel. In this case the other channel consists of a 
single SFR; FIFO IN/Command 
IN or FIFO OUT/ 
Command OUT SFR. Figure 4 shows a FIFO division 
with a portion devoted to each channel. Figure 5 shows 
a FIFO configuration with all 128 bytes assigned to the 
Output channel. 


The FIFO channel Threshold feature allows the user to 6 
match the FIFO channel size and the performance of 
the internal and Host data transfer rates. The pro- 
grammed Threshold provides an elasticity to the data 
transfer operation. An example is if the Host FIFO 


HOST CPU-+I 
FIFO IN SFR J-+ 


CHANNEL 
INTERNAL 
BOUNDRY 
CPU 
POINTER 
FIFO 
(CBP) 
INPUT 
FIFO OUT SFR 
CHANNEL 


data transfer rate is twice as fast as the internal FIFO 
DMA data transfer rate. In this example the FIFO In- 
put channel size is programmed to be 64 bytes and the 
Input channel Threshold is programmed to be 20 bytes. 
The Host writes the fIrst 64 bytes to the Input FIFO. 
When the internal DMA processor has read 20 bytes 
the Threshold interrupt, or DMA request (DRQIN), is 
generated to signal the Host to begin writing more data 
to the Input FIFO channel. The internal DMA proces- 
sor continues to read data from the Input channel as 
the Host, or Host DMA processor, writes to the FIFO. 
The Host can write 40 bytes to the FIFO Input chan- 
nels in the time it takes for the internal DMA processor 
to read 20 more bytes from it. This will keep both the 
Host and internal DMA operating at their maximum 
rates without forcing one to wait for the other. 


Two methods of managing the FIFO size are possible; 
fIxed and variable channel size. A fIxed channel size is 
one where the channel is confIgured at initialization 
and remains unchanged throughout program execution. 
In a variable FIFO channel size, the confIguration is 
changed dynamically to meet the data transmission re- 
quirements as needed. An example of a variable chan- 
nel size application is the mass storage subsystem de- 
scribed earlier. To meet the demands of a large data 
block transfer the FIFO size could be fully allocated to 
the Input or Output channel as needed. The Thresholds 
are also reprogrammed to match the respective data 
transfer rates. 


An example of a fIxed channel size application might be 
one which uses the UPI-452 to directly control a series 
of stepper motors. The UPI-452 manages the motor 
operation and status as required. This would include 
pulse train, acceleration, deceleration and feedback. 
The Host transmits motor commands to the UPI-452 in 
blocks of 6-10 bytes. Each block of motor command 
data is preceded by a command to the UPI-452 which 
selects a specifIc motor. The UPI-452 transmits blocks 
of data to the Host which provides motor and overall 
system status. 
The data and embedded commands 
structure, indicating the specifIc motor, is the same. In 


this example the default 64 bytes per channel might be 
adequate for both channels. 


Interrupts enable the Host UPI-452 FIFO buffer inter- 
face and the internal CPU FIFO buffer interface to 
operate with a minimum of overhead on the respective 
CPU. Each CPU is "interrupted" 
to service the FIFO 
on an as needed basis only. In confIguring the FIFO 
buffer Thresholds and choosing the appropriate inter- 
nal DMA Mode the user must take into account the 
interrupt response time for both CPUs. These response 
times will affect the DMA transfer rates for each chan- 
nel. By choosing FIFO channel Thresholds which re- 
flect both the respective DMA transfer rate and the 
interrupt response time the user will achieve the maxi- 
mum data throughput and system bus decoupling. This 
in turn will mean the overall available system bus band- 
width will increase. 


The following section describes the FIFO interrupt in- 
terface to the Host and internal CPU. It also describes 
an analysis of sample interrupt response times for the 
Host and UPI-452 internal CPU. These equations and 
the example times shown are then used in the DMA 
section to further analyze an optimum Host UPI-452 
interface. 


Interrupts to the Host processor are supported by the 
three 
UPI-452 
output 
pins; 
INTRQ, 
DRQIN/ 
INTRQIN and DRQOUT/INTRQOUT. 
INTRQ is a 
general purpose Request For Service interrupt output. 
DRQIN/INTRQIN 
and DRQOUT/INRQOUT 
pins 
are multiplexed to provide two special "Request for 
Service" FIFO interrupt request lines when DMA is 
disabled. A FIFO Input or Output channel Request for 
Service interrupt is generated based upon the value pro- 
grammed in the respective channel's Threshold SFRs; 
Input 
Threshold 
(ITHR), 
and 
Output 
Threshold 


(OTHR) SFRs. Additional interrupts are provided for 
FIFO 
Underrun 
and Overrun 
Errors, Data Stream 
Commands, and Immediate Commands. Table 4 lis.ts 
the eight UPI-452 interrupt sources as they appear In 
the HSTAT SFR to the Host processor. 


Table 4 UPI·452 to Host Interrupt Sources 
HSTAT 
Interrupt Source 
SFR Bit 


HST7 
Output FIFO Underrun 
Error 


HST6 
Immediate 
Command 
Out SFR Status 


HST5 
Data Stream Command/Data 
at Output 
FIFO Status 


HST4 
Output FIFO Request for Service Status 


HST3 
Input FIFO Overrun 
Error Condition 


HST2 
Immediate 
Comamnd 
In SFR Status 


HST1 
FIFO DMA Freeze/Normal 
Mode 
Status 


HSTO 
Input FIFO Request for Service 


The interrupt response time required by the Host proc- 
essor is application and system specific. In general, a 
typical sequence of Host interrupt response events a~d 
the approximate times associated with each are listed In 
Equation 1. 


The 
example 
assumes 
the 
hardware 
configuration 
shown in Figure 1,iAPX 2861UPI-452 Block Diagram, 
with an 8259A Programmable 
Interrupt 
Controller. 
The timing analysis in Equation 1 also assumes the fol- 
lowing; no other interrupt is either in process or pend- 
ing, nor is the 286 in a LOCK condition. The current 
instruction completion time is 8 clock cycles (800 ns @ 
10 MHz), or 4 bus cycles. The interrupt service routine 
first executes a PUSHA instruction, PUSH All General 
Registers, to save all iAPX 286 internal registers. This 
requires 19 clocks (or 2.0 /-Ios@ 10 MHz), or 10 bus 
cycles (rounded to complete bus cycle). The next serv- 
ice routine instruction reads the UPI-452 Host Status 
SFR to determine the interrupt source. 


It is important to note that any UPI-452 INTRQ inter- 
rupt service routine should ALWAYS mask for the 
Freeze Mode bit first. This will insure that Freeze 
Mode always has the highest priority. This will also 
save the time required to mask for bits which are forced 
inactive during 
Freeze Mode, before checking the 
Freeze Mode bit. Access to the FIFO channels by the 
Host is inhibited during Freeze Mode. Freeze Mode is 
covered in more detail below. 


To initiate the interrupt 
the UPI-452 
activates the 
INTRQ output. The interrupt acknowledge sequence 
requires two bus cycles, 400 ns (10 MHz iAPX 286), 
for the two INT A pulse sequence. 
Equation 1. Host Interrupt Response Time 


Bus 
Action 
Time 
Cycles' 


Current instruction 
execution 
completion 
INTA sequence 
Interrupt 
service routine (time 
to host first READ of UPI-452) 


Total Interrupt 
Response 
Time 


800 ns 
400 ns 


2000 ns 


2.3/-1oS 


NOTE: 
10 MHz iAPX 286 bus cycle, 200 ns each 


The internal CPU FIFO interrupt interface is essential- 
ly identical to that of the Host to the FIFO. ~ree 
internal interrupt sources support the FIFO operation; 
FIFO-Slave bus Interface Buffer, DMA Channel 0 and 
DMA Channel 1 Requests. These interrupts provide a 
maximum decoupling of the FIFO buffer and the inter- 
nal CPU. The four different internal DMA Modes 
available add flexibility to the interface. 


The FIFO-Slave Bus Interface interrupt 
response is 
also similar to the Host response to an INTRQ Request 
for Service interrupt. The internal CPU responds to the 
interrupt by reading the Slave Status (SSTAT) SFR to 
determine the source of the interrupt. This allows the 
user to prioritize the Slave Status flag response to meet 
the users application needs. 


The internal interrupt response time is dependent on 
the current instruction execution, whether the interrupt 
is enabled, and the interrupt priority. In general, to fin- 
ish execution of the current instruction, respond to the 
interrupt request, push the Program Counter (PC) and 
vector to the first instruction of the interrupt service 
routine requires from 38 to 86 oscillator periods (2.38 
to 5.38 /-Ios@ 16 MHz). If the interrupt is due to an 
Immediate Command or DSC, additional time is re- 
quired to read the Immediate Command or DSC SFR 
and vector to the appropriate 
service routine. This 
means two service routines back to back. One service 
routine to read the Slave Status (SSTAT) SFR to deter- 
mine the source of the Request for Service interrupt, 
and second the service routine pointed to by the Imme- 
diate Command or DSC byte read from the respective 
SFR. 
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DMA is the fastest and most efficient way for the Host 
or internal CPU to communicate with the FIFO buffer. 
The UPI-452 provides support for both of these DMA 
paths. The two DMA paths and operations are fully 
independent of each other and can function simulta- 
neously. While the Host DMA processor is performing 
a DMA transfer to or from the FIFO, the UPI-452 
internal DMA processor can be doing the same. 


Below are descriptions of both the Host and internal' 
DMA operations. Both DMA paths can operate asyn- 
chronously and at different transfer rates. In order to 
make the most of this simultaneous asynchronous oper- 
ation it is necessary to calculate the two transfer rates 
and accurately match their operations. Matching the 
different transfer rates is done by a combination of ac- 
curately programmed FIFO channel size and channel 
Thresholds. This provides the maximum Host and in- 
ternal CPU to FIFO buffer interface decoupling. Below 
is a description of each of the two DMA operations and 
sample calculations for determining transfer rates. The 
next section of this application note, "Interface Laten- 
cy", details the considerations involved in analyzing ef- 
fective transfer rates when the overhead associated with 
each transfer is considered. 


DMA transfers between the Host and UPI-452 FIFO 
buffer are controlled by the Host CPU's DMA control- 
ler, and is independent of the UPI-452's internal two 
channel DMA processor. The UPI-452's internal DMA 
processor supports data transfers between the UPI-452 
internal RAM, external RAM (via the Local Expansion 
Bus) and the various Special Function Registers includ- 
ing the FIFO Input and Output channel SFRs. 


The maximum DMA transfer rate is achieved by the 
minimum DMA transfer cycle time to accomplish a 
source to destination move. The minimum Host UPI- 
452 FIFO DMA cycle time possible is determined by 
the READ and WRITE pulse widths, UPI-452 com- 
mand recovery times in relation to the DMA transfer 
timing and DMA controller transfer mode used. Table 
5 shows the relationship between the iAPX-286, iAPX- 
186 and UPI-452 for various DMA as well as non- 
DMA byte by byte transfer modes versus processor fre- 
quencies. 


Host processor speed vs wait states required with UPI- 
452 running at 16 MHz: 


Table 5. Host UPI-452 
Data Transfer 
Performance 


Walt States: 
DMA: 
Processor 
& 
Back to Back 
Single 
Two 
Speed 
READ/ 
Cycle 
WRITE's 
Cycle 


iAPX-186· 
8MHz 
0 
N/A* 
0 
10 MHz 
0 
N/A· 
0 
12.5 MHz 
1 
N/A· 
0 
iAPX-286·· 
6 MHz 
0 
0 
0 
8MHz 
1 
1 
0 
10 MHz 
2 
2 
0 


NOTES: 
• iAPX186 On-chipDMAprocessor is two cycle operation 
only. 


•• iAPX286 assumes 82258 ADMA(or other DMA)run- 
ning286 bus cycles at 286 clock rate. 


In this application note system example, shown in Fig- 
ure I, DMA operation is assumed to be two bus cycle 
I/O to memory or memory to I/O. Two cycle DMA 
consists of a fetch bus cycle from the source and a store 
bus cycle to the destination. The data is stored in the 
DMA controller's registers before being sent to the des- 
tination. Single cycle DMA transfers involve a simulta- 
neous fetch from the source and store to the destina- 
tion. As the most common method of I/O-memory 
DMA operation, two cycle DMA transfers are the fo- 
cus of this application note analysis. Equation 2 illus- 
trates a calculation of the overall transfer rate between 
the FIFO buffer and external Host for a maximum 
FIFO size transfer. The equation does not account for 
the latency of initiating the DMA transfer. 


Equation 
2. Host FIFO DMATransfer 
Rate-Input 
or Output Channel 


2 
Cycle DMATransfer-liD 
(UPI-452) to System 
Memory 
FIFO channel size· (DMAREAD/WRITE 
FIFO time + DMAWRITE/READ Memory 
Time) 
128 bytes· (200 ns + 200 ns) 
51.2 lAos 
256 bus cycles· 


NOTES: 
·10 MHz iAPX 286,200 ns bus cycles. 


The UPI-452 design is optimized for high speed DMA 
transfers between the Host and the FIFO buffer. The 


inter 


UPI-452 internal FIFO buffer control logic provides 
the necessary synchronization 
of the external Host 
event and the internal 
CPU machine cycle during 
UPI-452 RDIWR accesses. This internal synchroniza- 
tion is addressed by the TCC AC specification of the 
UPI-452 shown in Figure 6. TCC is the time from the 
leading or trailing edge of a UPI-452 RDIWR 
to the 
same edge of the next UPI-452 RDIWR. 
The TCC 
time is effectively another way of measuring the system 
bus cycle time with reference to UPI-452 accesses. 


In the iAPX-286 10 MHz system depicted in this appli- 
cation note the bus cycle time is 200 ns. Alternate cycle 
accesses of the UPI-452 during two cycle DMA opera- 
tion yields a TCC time of 400 ns which is more than the 
TCC minimum time of 375 ns. Back to back Host 
UPI-452 READIWRITE 
accesses may require wait 
states as shown in Table 5. The difference between 10 
MHz iAPX-186 and 10 MHz iAPX 286 required wait 
states is due to the number of clock cycles in the respec- 
tive bus cycle timings. The four clocks in a 10 MHz 
iAPX 186 bus cycle means a minimum TCC time of 
400 ns versus 200 ns for a 10 MHz iAPX 286 with two 
clock cycle zero wait state bus cycle. 


DMA handshaking between the Host DMA controller 
and the UPI-452 is supported by three pins on the UPI- 
452; 
DRQIN/lNTRQIN, 
DRQOUT/lNTRQOUT 
and DACK. The DRQIN/INTRQIN 
and DRQOUT/ 
INTRQOUT outputs are two multiplexed DMA or in- 
terrupt request pins. The function of these pins is con- 
trolled by MODE 
SFR bit 6 (MD6). DRQIN 
and 
DRQOUT provide a direct interface to the Host system 
DMA 
controller 
(see Figure 
1). In response to a 
DRQIN or DRQOUT request, the Host DMA control- 
ler initiates control of the system bus using HLD/ 
HLDA. The FIFO Input or Output channel transfer is 
accomplished with a minimum of Host overhead and 
system bus bandwidth. 


The third handshake signal pin is DACK which is used 
as a chip select during DMA data transfers. The UPI- 
452 Host READ and WRITE input signals select the 
respective Input 
and Output 
FIFO 
channel during 
DMA transfers. The CS and address lines provide 
DMA acknowledge for processors with onboard DMA 
controllers which do not generate a DACK signal. 


The iAPX 286 Block I/O Instructions provide an alter- 
native to two cycle DMA data transfers with approxi- 
mately the same data rate. The String Input and Out- 
put instructions (INS & OUTS) when combined with 
the Repeat (REP) prefix, modifies INS and OUTS to 
provide a means of transferring blocks of data between 
I/O and Memory. The data transfer rate using REP 
INS/OUTS instructions is calculated in the same way 
as two cycle DMA transfer times. Each READ 
or 
WRITE would be 200 ns in a 10 MHz iAPX 286 sys- 
tem. 
The 
maximum 
transfer 
rate 
possible 
is 2.5 
MBytes/second. 
The Block I/O 
FIFO data transfer 
calculation is the same as that shown in Equation 2 for 
two cycle DMA data transfers including TCC timing 
effects. 


During a Host DMA write to the FIFO, if a DSC is to 
be written, the DMA transfer is stopped, the DSC is 
written and the DMA restarted. During a Host DMA 
read from the FIFO, if a DSC is loaded into the I/O 
Buffer Latch the DMA request, DRQOUT, will be de- 
activated 
(see Figure 
2 above). 
The 
Host 
Status 
(HSTAT) SFR Data Stream Command bit is set and 
the INTRQ interrupt output goes active, if enabled. 
The Host responds to the interrupt as described above. 


I' 
TCC 
'I 


RDII/WRII ----J-~---./ 
}--_/ 


TRR/TWW ,=---~v---=:J TRR/TWW 
1- 
C-----TCC 
•r 


Symbol 
Description 
Var.Osc. 
@16MHz 


TCC 
Command 
Cycle 
6' 
Tctcl 
375 nsmin 
Time 
TRV 
Command 
Recovery 
75 
75 ns min 
Time 
• 


"y [lie clOst, the lJMA request, DRQOUT, is reassert- 
ed by the UPI-452. The DMA request then remains 
active until the transfer is complete or another DSC is 
loaded into the I/O Buffer Latch. 


An Immediate Command written by the internal CPU 
during a Host DMA FIFO transfer also causes the 
Host Status flag and INTRQ to go active if enabled. In 
this case the Immediate Command would not terminate 
the DMA transfer unless terminated by the Host. The 
INTRQ line remains active until the Host reads the 
Host Status (HSTAT) SFR to determine the source of 
the interrupt. 


The net effect of a Data Stream Command (DSC) on 
DMA data transfer rates is to add an additional factor 
to the data transfer rate equation. This added factor is 
shown in Equation 3. An Immediate Command has the 
same effect on the data transfer rate if the Immediate 
Command interrupt is recognized by the Host during a 
DMA transfer. If the DMA transfer is completed be- 
fore the Immediate Command interrupt is recognized, 
the effect on the DMA transfer rate depends on wheth- 
er the block being transmitted is larger than the FIFO 
channel 
size. If the block is larger than the pro- 
grammed FIFO channel size the transfer rate depends 
on whether the Immediate Command flag or interrupt 
is recognized between partial block transfers. 


The FIFO configuration shown in Equation 3 is' arbi- 
trary since there is no way of predicting the size relative 
to when a DSC would be loaded into the I/O Buffer 
Latch. The Host DMA rate shown is for a UPI-452 
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transfer as described earlier. The equations do not ac- 
count for the latency of intiating the DMA transfer. 


Equation 
3. Minimum host FIFO DMA Transfer 
Rate Including 
Data Stream Command{s) 


Minimum 
Host/FIFO 
DMA Transfer 
Rate wi DSC 
FIFO size' 
Host DMA 2 cycle time transfer 
rate 
+ iAPX 286 interrupt 
response 
time (Eq. # 1) 


(32 bytes' 
(200 ns + 200 ns)) + 2.3 /Ls 
15.1 
/Ls 
75.5 bus cycles (@10 MHz iAPX286. 
200 ns 
bus cycle) 


The two identical internal DMA channels allow high 
speed data transfers from one UPI-452 writable memo- 
ry space to another. The following UPI-452 memory 
spaces can be used with internal DMA channels: 


Internal Data Memory (RAM) 
External Data Memory (RAM) 
Special Function Registers (SFR) 


The FIFO can be accessed during internal DMA opera- 
tions by specifying the FIFO IN (FIN) SFR as the 
DMA 
Source Address 
(SAR) 
or the 
FIFO 
OUT 


(FOUT) SFR as the Destination Address (OAR). Ta- 
ble 6 lists the four types of internal DMA transfers and 
their respective timings. 


Source 
Destination 
Machine 
@12MHz 
@16MHz 
Cycles" 


Internal Data 
Internal Data 
Mem.orSFR 
Mem.orSFR 
1 
1 /Ls 
750 ns 
Internal Data 
External Data 
Mem.orSFR 
Mem. 
1 
1 /Ls 
750 ns 
External Data 
Internal Data 
Mem. 
Mem.orSFR 
1 
1 /Ls 
750 ns 
'External 
Data 
External Data 
Memory 
Memory 
2 
2/Ls 
1.5/Ls 


NOTES: 


-External Data Memory DMA transfer applies to UPI-452 local Bus only. 
"MSC-51 
Machine cycle = 12 clock cycles (TClCl). 


inter 
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The effect of Data Stream Commands and Immediate 
Commands on the internal DMA transfers is essentially 
the same as the effect on Host FIFO DMA transfers. 
Recognition also depends upon the programmed DMA 
Mode, the interrupts enabled, and their priorities. The 
net internal effect is the same for each possible internal 
case. The time required to respond to the Immediate or 
Data Stream Command is a function of the instruction 
time required. This must be calculated by the user 
based on the instruction cycle time given in the MSC- 
51 Instruction Set description in the Intel Microcon- 
troller Handbook. 


It is important to note that the internal DMA processor 
modes and the internal FIFO logic work together to 
automatically manage internal DMA transfers as data 
moves into and out of the FIFO. The two most appro- 
priate internal DMA processor modes for the FIFO are 
FIFO Demand Mode and FIFO Alternate Cycle Mode. 
In FIFO Demand Mode, once the correct Slave Con- 
trol and DMA Mode bits are set, the internal Input 
FIFO 
channel DMA 
transfer occurs whenever the 
Slave Control Input FIFO Request for Service flag is 
set. The DMA 
transfer continues until the flag is 
cleared or when the Input FIFO Read Pointer SFR 
(IRPR) equals zero. If data continues to be entered by 
the Host, the internal DMA continues until an internal 
interrupt of higher priority, if enabled, interrupts the 
DMA transfer, the internal DMA byte count reaches 
zero or until the Input FIFO Read Pointer equals zero. 
A complete description of interrupts and DMA Modes 
can be found in the UPI-452 Data Sheet. 


The internal DMA processor has four modes of opera- 
tion. Each DMA channel is software programmable to 
operate in either Block Mode or Demand Mode. De- 
mand Mode may be further programmed to operate in 
Burst or Alternate Cycle Mode. Burst Mode causes the 
internal processor to halt its execution and dedicate its 
resources exclusively to the DMA transfer. Alternate 
Cycle Mode causes DMA cycles and instruction cycles 
to occur alternately. 
A detailed description of each 
DMA Mode can be found in the UPI-452 Data Sheet. 


The interface latency is the time required to accommo- 
date all of the overhead associated with an individual 
data transfer. Data transfer rates between the Host sys- 
tem and UPI-452 FIFO, with a block size less than or 
equal to the programmed FIFO channel size, are calcu- 
lated using the Host system DMA 
rate. (see Host 
DMA description above). In this case, the entire block 
could be transferred in one operation. The total latency 
is the time required to accomplish the block DMA 
transfer, the interrupt 
response or poll of the Host 
Status SFR response time, and the time required to ini- 
tate the Host DMA processor. 


A DMA transfer between the Host and UPI-452 FIFO 
with a block size greater than the programmed FIFO 
channel size introduces additional overhead. This addi- 
tional overhead is from three sources; first, is the time 
to actually perform the DMA transfer. Second, the 
overhead of initializing the DMA processor, third, the 
handshaking 
between each FIFO 
block required to 
transfer the entire data block. This could be time to 
wait for the FIFO to be emptied and/or the interrupt 
response time to restart the DMA transfer of the next 
portion of the block. A fourth component may also be 
the time required to respond to Underrun and Overrun 
FIFO Errors. 


Table 7 shows six typical FIFO Input/Output 
channel 
sizes and the Host DMA transfers times for each. The 
timings shown reflect a 10 MHz system bus two cycle 
I/O to Memory DMA transfer rate of 2.5 MBytes/sec- 
ond as shown in Equation I. The times given would be 
the same for iAPX 286 I/O block move instructions 
REP INS and REP OUTS as described earlier. 


FIFO Size: 
32 
43 
64 
85 
96 
128 1 bytes 


Full or Empty 
% 
% 
% 
% 
3;4 
Full or Empty 


Time 
12.8 17.2 25.6 34.0 38.4 
51.21 
p..s 


Table 8 shows six typical FIFO Input/Output 
channel 
sizes and the internal DMA processor data transfers 
times for each. The timings shown are for a UPI-452 
single cycle Burst Mode transfer at 16 MHz or 750 ns 
per machine cycle in or out of the FIFO channels. The 
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machine cycle time is that of the MSC-51 CPU; 6 
states, 2 XTAL2 clock cycles each or 12 clock cycles 
per machine cycle. Details on the MSC-51 machine cy- 
cle timings and operation may be found in the Intel 
Microcontroller Handbook. 


Table 
8. UPI-452 
Internal 
DMA FIFO 
Data Transfer 
Times 


FIFO Size: 
32 
43 
64 
85 
96 
128 I bytes 


Full or Empty 
% 
% 
% 
% 
% 
Full or Empty 


Time 
24.0 32.3 48.0 64.6 72.0 
96.0 I 
/Ls 


A larger than programmed FIFO channel size data 
block internal DMA transfer requires internal arbitra- 
tion. The UPI-452 provides a variety of features which 
support arbitration 
between the two internal DMA 
channels and the FIFO. An example is the internal 
DMA processor FIFO Demand Mode described above. 
FIFO Demand Mode· DMA transfers occur continu- 
ously until the Slave Status Request for Service Flag is 
deactivated. Demand Mode is especially useful for con- 
tinuous data transfers requiring immediate attention. 
FIFO Alternate Cycle Mode provides for interleaving 
DMA transfers and instruction 
cycles to achieve a 
maximum of software flexibility. Both internal DMA 
channels can be used simultaneously to provide contin- 
uous transfer for both Input and Output FIFO chan- 
nels. 


Byte by byte transfers between the FIFO and internal 
CPU timing is a function of the specific instruction cy- 
cle time. Of the III MCS-51 instructions, 64 require 12 
clock cycles, 45 require 24 clock cycles and 2 require 48 
clock cycles. Most instructions involving SFRs are 24 
clock cycles except accumulator (for example, MOY 
direct, A) or logical operations (ANL direct, A). Typi- 
cal instruction and their timings are shown in Table 9. 


Oscillator Period: 
@ 12 MHz = 83.3 ns 


@ 16 MHz = 62.5 ns 


Instruction 
Oscillator 
@12MHz 
@16MHz 
Periods 


MOV directt, 
A 
12 
1 /Ls 
750 ns 
MOV direct, direct 
24 
2/Ls 
1.5/Ls 


NOTE: 
t Direct = a-bit internaldata locationsaddress. This could 
be an InternalData RAM location(0-255) or a SFR [i.e.,II 
o port, controlregister, etc.) 


Byte by byte FIFO data transfers introduce an addi- 
tional overhead factor not found in internal DMA op- 
erations. This factor is the FIFO block size to be trans- 
ferred; the number of empty locations in the Output 
channel, or the number of bytes in the Input FIFO 


channel. As described above in the FIFO Data Struc- 
ture section, the block size would have to be deter- 
mined by reading the channel read and write pointer 
and calculating the space available. Another alternative 
uses the FIFO Overrun and Underrun Error flags to 
manage the transfers by accepting error flags. In either 
case the instructions needed have a significant impact 
on the internal FIFO data transfer rate latency equa- 
tion. 


A typical effective internal FIFO channel transfer rate 
using internal DMA is shown in Equation 4. Equation 
5 shows the latency using byte by byte transfers with an 
arbitrary factor added for internal CPU block size cal- 
culation. These two equations contrast 
the effective 
transfer rates when using internal DMA versus individ- 
ual instructions 
to transfer 
128 bytes. The effective 


transfer rate is approximately four times as fast using 
DMA versus using individual instructions (96 /Ls with 
DMA versus 492 /Ls non-DMA). 


Equation 
4. Effective 
Internal 
FIFO 
Transfer 
Time Using 
Internal 
DMA 


Effective 
Internal FIFO Transfer 
Rate with DMA 
FIFO channel 
size • Internal DMA Burst Mode 
Single Cycle DMA Time 
128 Bytes • 750 ns 
96/Ls 


Equation 
5. Effective 
FIFO Transfer 
Time Using 
Individual 
Instructions 


Effective 
Internal 
FIFO Transfer 
Rate without 
DMA 
FIFO channel 
size' 
Instruction 
Cycle Time + 
Block size calculation 
Time 
128 Bytes' 
(24 oscillator 
periods 
@ 16 MHz) + 


20 instructions 
(24 oscillator 
period each 
@ 16 MHz) 
128 • 1.5 /Ls + 300 /Ls 
492/Ls 


FIFO DMA FREEZE 
MODE 
INTERFACE 


FIFO DMA Freeze Mode provides a means of locking 
the Host out of the FIFO Input and Output channels. 
FIFO DMA Freeze Mode can be invoked for a variety 
of reasons, for example, to reconfigure the UPI-452 Lo- 
cal Expansion Bus, or change the baud rate on the seri- 
al channel. The primary reason the FIFO DMA Freeze 
Mode is provided is to ensure that the Host does not 
read from or write to the FIFO while the FIFO inter- 
face is being altered. ONLY the internal CPU has the 
capability of altering the FIFO Special Function Regis- 
ters, and these SFRs can ONLY be altered during 
FIFO DMA Freeze Mode. FIFO DMA Freeze Mode 
inhibits Host access of the FIFO while the internal 
CPU reconfigures the FIFO. 


operations described in this section are only valid after 
SST5 is cleared. 


FIFO DMA Freeze Mode should not be arbitrarily in- 
voked while the UPI-452 is in normal operation. Be- 
cause the external CPU runs asynchronously to the in- 
ternal CPU, invoking freeze mode without first proper- 
ly resolving the FIFO Host interface may have serious 
consequences. Freeze Mode may be invoked only by 
the internal CPU. 


Either the Host or internal CPU can request FIFO 
DMA Freeze Mode. The first step is to issue an Imme- 
diate Command indicating that FIFO DMA Freeze 
Mode will be invoked. Upon receiving the Immediate 
Command, the external CPU should complete servicing 
all pending interrupts and DMA requests, then send an 
Immediate Command back to the internal CPU ac- 
knowledging the FIFO DMA Freeze Mode request. 
After issuing the first Immediate Command, the inter- 
nal CPU should not perform any action on the FIFO 
until FIFO DMA Freeze Mode is invoked. The hand- 
shaking is the same in reverse if the HOST CPU initi- 
ates FIFO DMA Freeze Mode. 


The internal CPU invokes Freeze Mode by setting bit 3 
of the Slave Control SFR (SC3). This automatically 
forces the Slave and Host Status SFR FIFO DMA 
Freeze Mode to In Progress (SSTAT SST5 = 0, 
HSTAT SFR HSTI = I). INTRQ goes active, if en- 
abled by MODE SFR bit 4, whenever FIFO DMA 
Freeze Mode is invoked to notify the Host. The Host 
reads the Host Status SFR to determine the source of 
the interrupt. INTRQ and the Slave and Host Status 
FIFO DMA Freeze Mode bits are reset by the Host 
READ of the Host Status SFR. 


After the slavebus interface is frozen, the internal CPU 
can perform the operations listed below on the FIFO 
Special Function Registers. These operations are al- 
lowed only during FIFO DMA Freeze Mode. Table 11 
summarizes the characteristics of all the FIFO Special 
Function Registers during Normal and FIFO DMA 
Freeze Modes. 


During FIFO DMA Freeze Mode the Host has access 
to the Host Status and Control SFRs. All other Host 
FIFO interface access is inhibited. Table 10 lists the 
FIFO DMA Freeze Mode status of all slave bus inter- 
face Special Function Registers. The internal DMA 
processor is disabled during FIFO DMA Freeze Mode 
and the internal CPU has write access to all of the 
FIFO control SFRs (Table 11). 


1. Changing the Channel Boundary 
Pointer SFR. 


2. Changing the Input and Output 
Threshold SFR. 
3. Writing to the read and write 
pointers of the Input and Output 
FIFO's. 


4. Writing to and reading the Host 
Control SFRs. 
5. Controlling some bits of Host and 
Slave Status SFRs. 
6. Reading the Immediate Command 
Out SFR and Writing to the Im- 
mediate Command in SFR. 


For FIFO 
Reconfiguration 


If FIFO DMA Freeze Mode is invoked without stop- 
ping the host, only the last two bytes of data written 
into or read from the FIFO will be valid. The timing 
diagram for disabling the FIFO module to the external 
Host interface is illustrated in Figure 7. Due to this 
synchronization sequence, the UPI-452 might not go 
into FIFO DMA Freeze Mode immediately after the 
Slave Control SFR FIFO 7 DMA Freeze Mode bit 
(SC3) is set = 0. A special bit in the Slave Status SFR 
(SST5) is provided to indicate the status of the FIFO 
DMA Freeze Mode. The FIFO DMA Freeze Mode 


To Enhance the 
testability 
• 


:: 
: 
A FIFO RD/WR 
AFTER 
, • - • 
INTERFACE FREEZE IS 
INVOKED WILL CAUSE 
HST3 OR HST7 TO BE SET 


INTRQ J 
! 
_ 


NOTE: 
Timing Diagram of disabling of FIFO Module-External 
Host Interface. 


Figure 7. Disabling 
FIFO to Host Slave Interface 
Timing Diagram 
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Freeze Mode are listed in Figure 8. 


1. Immediate 
Command 
to request 
FIFO 
DMA 
Freeze Mode (interrupt) 


2. Host/internal 
CPU interrupt 
response/service 


3. Host/internal 
CPU 
clear/service 
all 
pending 
interrupts 
and FIFO data 


4. Internal 
CPU 
sets 
Slave 
Control 
(SLCON) 
FIFO DMA 


Freeze 
Mode 
bit 
= 
0, 
FIFO 
DMA 
Freeze 
Mode, 
Host 
Status 
SFR 
FIFO 
DMA 
Freeze 
Mode Status bit = 1, INTRQ active 
(high) 


5. Host READ Host Status SFR 


6. Internal 
CPU reconfigures 
FIFO SFRs 


7. Internal 
CPU 
resets 
Slave 
Control 
(SLCON) 
FIFO DMA 


Freeze 
Mode 
bit = 
1, Normal 
Mode, 
Host 
Status 
FIFO DMA Freeze 
Mode Status 
bit = 
O. 


8. Internal 
CPU issues 
Immediate 
Command 
to 
Host indicating 
that FIFO DMA Freeze Mode is 
complete 


or 


Host polls Host Status SFR FIFO DMA Freeze 
Mode bit to determine 
end of reconfiguration 


Figure 8. Sequence 
of Events to Invoke 
FIFO DMA Freeze 
Mode 


An example of the time required to reconfigure the 
FIFO 180degrees, for example from 128 bytes Input to 
128 bytes Output, is shown in Figure 9. The example 
approximates the time based on several assumptions; 
I. The FIFO Input channel is full-128 bytes of data 
2. Output FIFO channel is empty-I byte 
3. No Data Stream Commands in the FIFO. 


4. The Immediate Command interrupt is responded to 


immediately-highest 
priority-by 
Host and inter- 


nal CPU. 


5. Respective interrupt response times 


a. Host (Equation 3 above) =approximately 1.6 fLs 
b. Internal CPU is 86 oscillator periods or approxi- 


mately 5.38 fLs worst case. 


Event 
Immediate 
Command 
from Host 
to UPI-452 to request FIFO DMA 
Freeze Mode (iAPX286 WRITE) 


Internal CPU interrupt 
response/ 
service 


Internal CPU clears FIFO-128 
bytes DMA 


Internal CPU sets Slave Control 
Freeze Mode bit 


Immediate 
Command 
to Host- 
Freeze Mode in progress 
Host 
Immediate 
Command 
interrupt 
response 


Internal CPU reconfigures 
FIFO 
SFRs 
Channel 
Boundary 
Pointer SFR 
Input Threshold 
SFR 
Output Threshold 
SFR 


Internal CPU resets Slave 
Control (SLCON) Freeze Mode 
bit = 1, Normal Mode, and 
automatically 
resets Host Status 
FIFO DMA Freeze Mode bit 


Internal CPU writes Immediate 
Command 
Out 


Host Immediate 
Command 
interrupt 
service 


Total Minimum Time to 
Reconfigure 
FIFO 


Figure 9. Sequence 
of Events to Invoke 
FIFO 
DMA Freeze 
Mode and Timings 


Time 
0.30 fLs 


0.75 fLs 
0.75 fLs 
0.75 fLs 
2.3 fLs 


Interface 
Pins; 
Operation 
In 
Status In 
DACK 
CS 
A2 
A1 
AO 
READ 
WRITE 
Normal Mode 
Freeze Mode 
1 
0 
0 
1 
0 
0 
1 
Read Host Status SFR 
Operational 
1 
0 
0 
1 
1 
0 
1 
Read Host Control SFR 
Operational 
1 
0 
0 
1 
1 
1 
0 
Write Host Control SFR 
Disabled 
1 
0 
0 
0 
0 
0 
1 
Data or DMA data from 
Disabled 
Output Channel 
1 
0 
0 
0 
0 
1 
0 
Data or DMA data to 
Disabled 
Input Channel 
1 
0 
0 
0 
1 
0 
1 
Data Stream Command 
from 
Disabled 
Output Channel 
1 
0 
0 
0 
1 
1 
0 
Data Stream Command 
to 
Disabled 
Input Channel 
1 
0 
1 
0 
0 
0 
1 
Read Immediate 
Command 
Disabled 
Out from Output Channel 
1 
0 
1 
0 
0 
1 
0 
Write Immediate 
Command 
Disabled 
In to Input Channel 
0 
X 
X 
X 
X 
0 
1 
DMA Data from Output 
Disabled 
Channel 
0 
X 
X 
X 
X 
1 
0 
DMA Data to Input Channel 
Disabled 


NOTE: 
X = don't care 


Normal 
Freeze 
Mode 
Label 
Name 
Operation 
Operation 
(SST5 
= 1) 
(SST5 
= 0) 


HCON 
Host Control 
Not Accessible 
Read & Write 
HSTAT 
Host Status 
Read Only 
Read & Write 
SLCON 
Slave Control 
Read & Write 
Read & Write 
SSTAT 
Slave Status 
Read Only 
Read & Write 
IEP 
Interrupt 
Enable 
& Priority 
Read & Write 
Read & Write 
MODE 
Mode Register 
Read & Write 
Read & Write 
IWPR 
Input FIFO Write Pointer 
Read Only 
Read & Write 
IRPR 
Input FIFO Read Pointer 
Read Only 
Read & Write 
OWPR 
Output FIFO Write Pointer 
Read Only 
Read & Write 
ORPR 
Output FIFO Read Pointer 
Read Only 
Read & Write 
CBP 
Channel 
Boundary 
Pointer 
Read Only 
Read & Write 
IMIN 
I'mmediate Command 
In 
Read Only 
Read & Write 
IMONT 
Immediate 
Command 
Out 
Read & Write 
Read & Write 
FIN 
FIFO IN 
Read Only 
Read Only 
CIN 
COMMAND 
IN 
Read Only 
Read Only 
FOUT 
FIFO OUT 
Read & Write 
Read & Write 
COUT 
COMMAND 
OUT 
Read & Write 
Read & Write 
ITHR 
Input FIFO Threshold 
Read Only 
Read & Write 
OTHR 
Other FIFO Threshold 
Read Only 
Read & Write 
• 


iUP-200A/iUP-201A 
UNIVERSAL 
PROM PROGRAMMERS 


MAJOR 
IUP-200AIIUP-201A 
FEATURES: 


• 
Provides 
Programming 
Support 
for 
Intel and Intel-Compatible 
EPROMs, 
PLDs, Microcontrollers, 
and Peripherals 


• 
PROM Programming 
Software 
(iPPS) 
Makes Programming 
Easy with IBM PC 
XT*, PC AT*, and PC Compatibles 


• 
Supports 
Personality 
Modules 
and 
GUPI Base WI Adaptors 


1:1 iUp·200A 
Provides 
On-Line 
Operation 
with a Built-In Serial RS232 Interface 
and Software 
for a PC Environment 


• 
IUp·201A 
Provides 
Same On-Line 
Performance 
and Adds Keyboard 
and 
Display for Stand-Alone 
Use 


• 
iUP-201A 
Stand-Alone 
Capability 
Includes 
Device 
Previewing, 
Editing, 
Duplication, 
and Download 
from any 
Source 
Over RS232C 
Port 


The iUP-200A 
and iUP-201A 
universal 
programmers 
program 
and verify data in Intel and Intel compatible, 
programmable 
devices. 
The iUP-200A 
and iUP-201A 
universal 
programmers 
provide on-line 
programming 
and 
verification 
in a growing 
variety 
of development 
environments 
using the Intel PROM 
programming 
software 
(iPPS). In addition, 
the iUP-201A 
universal 
programmer 
supports 
off-line, 
stand-alone 
program 
editing, duplica- 
tion, and memory 
locking. 
The iUP-200A 
universal 
programmer 
is expandable 
to an iUP-201A 
model. 
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The iUP-200A 
universal 
programmer 
operates 
in on- 
line mode. The iUP-201A 
universal 
programmer 
op- 
erates 
in both on-line 
and off-line 
mode. 


On-Line System Hardware 


The iUP-200A 
and iUP-201A 
universal 
programmers 
are free-standing 
units 
that, 
when 
connected 
to a 
host computer 
with at least 
64K bytes of memory, 
provide on-line 
programming 
and verification 
of Intel 
programmable 
devices. 
In addition, 
the 
universal 
programmer 
can read the contents 
of the ROM ver- 
sions of supported 
devices. 


The 
universal 
programmer 
communicates 
with 
the 
host through 
a standard 
RS232C serial data link. Dif- 
ferent 
versions 
of the iUP-200A 
and iUP-201 A are 
equipped 
with different 
cables, 
including 
the cable 
most 
commonly 
used 
for 
interfacing 
to that 
host. 


Care should 
be taken 
that the version 
with the cor- 
rect cable for your particular 
system 
is selected, 
as 
cable requirements 
can vary with your host configu- 
ration. 


Each 
universal 
programmer 
contains 
the CPU, se- 
lectable 
power 
supply, 
static 
RAM, 
programmable 
timer, interface 
for personality 
modules, 
RS232C 
in- 
terface 
for the host system, 
and control 
firmware 
in 
EPROM. The iUP-201A also has a keyboard 
and dis- 
play. 


A personality 
module 
or GUPI Adaptor 
adapts 
the 
universal 
programmer 
to a family of devices; 
it con- 


tains 
all the 
hardware 
and 
software 
necessary 
to 
program 
either 
a family 
of Intel devices 
or a single 


Intel device. The user inserts the personality 
module 
into the universal 
programmer 
front panel. 


On-Line System Software 


The iUP-200A 
and iUP201 A includes 
your choice 
of 
one 
copy 
of 
Intel's 
PROM 
Programming 
software 
iPPS, selected 
from 
a list of versions 
for different 
operating 
systems 
and hosts. Each version 
includes 
the software 
implementation 
designed 
for that host 
and 
O.S. 
and 
the 
RS232C 
cable 
most 
commonly 
used. Additional 
versions 
may be purchased 
sepa- 
rately if you decide 
to change 
hosts at a later date. 
The iPPS software 
provides 
user control 
through 
an 
easy-to-use 
interactive 
interface. 
The iPPS software 
performs 
the following 
functions 
to make 
EPROM 
programming 
quick and easy: 


• 
Reads devices 


• 
Programs 
devices 
directly 
or from a file 


• 
Verifies 
device 
data with buffer data 


• 
Locks device 
memory 
from unauthorized 
access 
(on devices 
which support 
this feature) 


• 
Prints device 
contents 
on the network 
or devel- 
opment 
system 
printer 


• 
Performs 
interactive 
formatting 
operations 
such 
as interleaving, 
nibble swapping, 
bit reversal, 
and 
block moves 


• 
Programs 
multiple 
devices 
from 
the 
source 
file, 


prompting 
the user to insert new devices 


• 
Uses a buffer to change 
device 
contents 


All iPPS commands, 
as well as program 
address and 
data information, 
are entered 
through 
the host sys- 
tem 
ASCII 
keyboard 
and displayed 
on the 
system 
CRT. 


The iPPS software 
supports 
data manipulation 
in the 
following 
Intel 
formats: 
8080 
hexadecimal 
ASCII, 


8080 
absolute 
object, 
8086 
hexadecimal 
ASCII, 
8086 
absolute 
object, 
and 
80286 
absolute 
object. 


Addresses 
and data can be displayed 
in binary, oc- 
tal, 
decimal, 
or hexadecimal. 
The 
user 
can 
easily 
change 
default 
data formats 
as well as number bas- 
es. iPPS can also access 
disk files. 


For programming 
Intel EPLDs, the iUP-200Al201 
A 
can be controlled 
by Intel's Logic Programming 
Soft- 
ware (LPS) and Advanced 
Programming 
Tool (APT). 


LPS and APT program 
EPLDs from JEDEC files pro- 
duced 
by Intel's 
logic compiler. 
(iPPS can also pro- 
gram EPLDs, but only from pre-programmed 
device 
masters.) 


System Expansion 


The iUP-200A 
universal 
programmer 
can be easily 
upgraded 
(by the user) to an iUP-201 A universal 
pro- 
grammer 
for off-line 
operation. 
The upgrade 
kit (iUP- 


PAK-A) is available 
from Intel or your local Intel dis- 
tributor. 


Off-Line System 


The iUP-201A 
universal 
programmer 
has all the on- 
line features 
of the iUP-200A 
universal 
programmer 
plus off-line editing, device duplication, 
program veri- 
fication, 
and locking 
of device 
memory 
independent 
of the 
host 
system. 
The 
iUP-201A 
universal 
pro- 


grammer 
also accepts 
Intel hexadecimal 
programs 
developed 
on non-Intel 
development 
systems. 
Just 
a few keystrokes 
download 
the program 
into the iUP 
RAM for editing and loading 
into a device. 


Off-line 
commands 
are entered 
via a 16-character 
keypad. 
A 24-character 
display 
shows 
programmer 
status. 


• 


For some devices, a personality module is the inter- 
face between the iUP-200AliUP-201A universal pro- 
grammer and a selected device. Personality mod- 
ules contain all the hardware and firmware for read- 
ing and programming a family of Intel devices. Table 
1 lists the devices supported by the different mod- 
ules. 


For most devices, the GUPI module and inter- 
changeable GUPI Adaptors provide the interface be- 
tween the programmer and the device being pro- 
grammed (see Figure 1). the GUPI (Generic Univer- 
sal Programmer Interface) module is a base module 
that intefaces to the iUP-200A/201A 
and GUPI 
Adaptors. GUPI Adaptors tailor the GUPI module 
base signals to a family of devices or an individual 
device. The GUPI module and GUPI Adaptors pro- 
vide a lower-cost method of device support than if 
unique Personality Modules were offered for each 


device/family. Tables 2 through 4 show which Adap- 
tors support which devices. Note that these tables 
are current at the time of printing. Contact your Intel 
sales representative for information on current sup- 
port. 


inter 


Device Type 
Fast 27/K 
F27/128 
F87144A 
F87151 A 
Module 
Module 
Module 
Module 


EPROM 
See GUPI 
2716 
EPROM28 
2732 
2732A 
2764 
27128 


Microcontroller 
8041A 
8748 
8042 
8748H 
8044AH 
8749H 
8741H 
8751 
8742 
8751H 
8744H 
8048 
8755A 
8048H 
8049 
8049H 
8050H 
8051 


Device 
GUPI 
GUPI 
GUPI 
GUPI 
GUPI 
Type 
27010 
27011 
27210 
27960 
EPROM28 


EPROM 
27010 
27011 
27210 
27960CX 
2764A 
27C010 
27C202 
27960KX 
27C64 
27C100 
27C210 
87C64 
27C020 
27C220 
27128A 
27C040 
27C240 
27C128 
87C75PF 
27256 
27C256 
68C257 
87C257 
27512 
27C512 
27513 
27C513 
27011 
27C011 
27C021 


Package 
DIP 
DIP 
DIP 
Types 
• 


Device 
GUPI 
GUPI 
GUPI 
GUPI 
GUPI 
GUPI 
GUPI 
Type 
Logic-liD 
20D20J 
24D28J 
40D44J 
Loglc-18 
Loglc-18PGA 
85EPLD28 


EPLD 
5C060 
85C220 
85C224 
5AC324 
5C180 
5C180G 
85C508 
85C060 
85C960 
5C090 
85C090 
5AC312 


Package 
DIP' 
DIP 
DIP 
DIP 
PLCC 
PGA 
DIP 
Types 
PLCC 
PLCC 
PLCC 
PLCC 


Device 
GUPI 
GUPI 
GUPI 
GUPI 
GUPI 
GUPI 
Type 
8742 
MC8-51 
8796 
87C51GB 
87C51GBP 
MC8-96LCC 


Peripheral 
8741AH 
8742AH 


Microcontroller 
8751H 
8794BH 
87C51GB 
87C51GB 
8796JC 
8751BH 
8795BH 
8797BH 
87C51 
8796BH 
87C196KB 
8752BH 
8797BH 
87C51FA 
87C51FB 


Package 
DIP 
PLCC 
PGA 
LCC 
PLCC 
LCC 
Types 
DIP 
DIP 


inter 


Intel 8085A microprocessor 
6.144 MHz clock rate 


Memory 


RAM-4.3 
bytes static 
ROM-12K 
bytes EPROM 


Keyboard: 16-character hexadecimal and 12-func- 
tion keypad (iUP-201A model only) 
Display: 
24-character 
alphanumeric 
(iUP-201A 
model only) 


Monitor- 
system 
controller 
in 
pre-programmed 
EPROM 
iPPS 
- 
Intel PROM programming software on 
supplied diskette 


Physical Characteristics 


Depth: 
15 inches (38.1 cm) 
Width: 
15 inches (38.1 cm) 
Height: 6 inches (15.2 cm) 
Weight: 15 pounds (6.9 kg) 


Selectable 100, 120,200, or 240 Vac ± 10%; 50-60 
Hz 
Maximum power consumption-80 
watts 


Reading Temperature: 
10·C to 40·C 
ProgrammingTemperature: 25·C ± 5· 


Operating Humidity: 
10% to 85% 
relative 
humidity 


166041-001- iUP-200A/201A 
Universal Program- 
mer User's Guide. 
166042-001- Getting Started with the iUP-200A/ 
201A (For ISIS/iNDX Users). 
166043-001- Getting Started with the iUP-200A/ 
201A (For DOS Users). 
164853 
- 
iUP-200A/201A 
Universal Program- 
mer Pocket Reference. 


inter 


Product 
Order Code 
iUP-200A 2160 


Description 
On-Line PROM programmer with 
iPPS rei 2.0 for PC/DOS, and ca- 
ble for PC or XT 
iUP-200A 2170 
On-Line PROM programmer with 
iPPS rei 2.0 for PC/DOS, and ca- 
ble for AT 
iUP-201A 2160 
Off-Line and on-line PROM pro- 
grammer with iPPS rei 2.0 for PC/ 
DOS, and cable for PC or XT 


iUP-201A 2170 
Off-Line and on-line PROM pro- 
grammer with iPPS rei 2.0 for PC/ 
DOS, and cable for AT 


iUP-200/201 U1· Upgrades an iUP-200/201 univer- 
Upgrade Kit 
sal programmer to an iUP-200Al 
201A universal programmer 
Download Support Kit for 
iUP- 
200Al201A 
upgrades 
program- 
mer to support adaptors that use 
software 
programming 
(.DSS) 
files. 


iUP·PAK-A 
Upgrade Kit 
Upgrades an iUP-200/A universal 
programmer to an iUp·201A uni- 
versal programmer 
·Most personality modules can be used only with 
an iUP-200Al201 A universal programmer or an 
iUP-200/iUP201 universal programmer upgraded to 
an A with the iUP-200/iUP-201 U1 upgrade kit. 


Product 
Order Code 
piUP-GUPI 


Description 
Generic Universal Programmer In- 
terface (Base) 


Product 
Order 
Code 
2160 


Description 
PROM programming software rei 2.0 for 
PC/DOS with cable for PC or PC XT 
PROM programming software rei 2.0 for 
PC/DOS with cable for PC AT 


